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1 INTRODUCTION
1.1 Background

W-beam guardrail may be used to protect motorists from steep roadside slopes adjacent
to high-speed roadways. A roadside slope placed immediately behind a guardrail system greatly
reduces the soil resistance associated with lateral deflection of the barrier. This reduction in the
post-soil forces greatly reduces a system’s energy-absorption capability, significantly increases
dynamic rail deflections, and can potentially induce issues with vehicle capture or vehicle
override. Further, when the guardrail extends over the embankment, the gap between the bottom
of the rail and the ground will be greatly magnified and thereby increase the risk of severe wheel
snag and potential small car underride.

The Midwest Guardrail System (MGS) has greatly improved the safety performance and
stability of guardrail installed at the slope break point of slopes as steep as 1V:2H. However,
current MGS installations adjacent to 1V:2H fill slopes utilize increased-length posts in order to
provide sufficient embedment to generate the proper soil resistive forces[1-5]. This requirement
creates hardware inventory and maintenance issues within state departments of transportation,
due to the need to stock and maintain non-standard length posts. In order to reduce hardware
inventories, states have chosen in some cases to install the standard MGS system at an offset
from the slope. Current guidance requires minimum offsets of between 1 ft (0.3 m) and 2 ft (0.6
m) from the back of the post to the slope break point for the standard MGS system with 6-ft (1.8-
m) long posts, depending on the slope grade. This large offset maintains the safety performance
of the system but creates a great deal of additional expense in terms of earthwork. Thus, a need
exists to evaluate a minimum offset for the standard MGS guardrail system adjacent to a 1V:2H

fill slope in order to reduce current issues with state hardware inventories and maintenance costs.
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1.2 Objective

The objective of this research was to determine the crashworthiness of the standard MGS,
installed at the slope break point of a 1V:2H slope. The system was to meet the Test Level 3
(TL-3) safety performance criteria set forth in American Association of State Highway and
Transportation Officials’ Manual for Assessing Safety Hardware (MASH) [6].
1.3 Scope

The research objective was completed by accomplishing several tasks. First, a full-scale
crash test was conducted on the MGS placed at the slope break point of a 1V:2H fill slope. The
crash test consisted of a pickup truck weighing approximately 5,000 Ib (2,268 kg) impacting at a
target of 62 mph (100 km/h) and 25 degrees. Next, the test results were analyzed, evaluated, and
documented. Finally, conclusions and recommendations were made that pertain to the safety

performance of the standard MGS placed at the slope break point of a 1V:2H fill slope.
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2 DESIGN DETAILS

The MGS installed at the slope break point of a 1V:2H slope consisted of 175 ft (53.3 m)
of standard 12-gauge (2.7-mm thick) W-beam guardrail with a top rail mounting height of 31 in.
(787 mm) supported by steel posts, as shown in Figure 2. Non-proprietary MGS trailing end
anchorage systems [7-9] were utilized on both the upstream and downstream ends of the
guardrail system. Design details are shown in Figures 1 through 12. Photographs of the test
installation are shown in Figure 13. Material specifications, mill certifications, and certificates of
conformity for the system materials are shown in Appendix A.

The system was constructed with 29 posts. Post nos. 3 through 27 were galvanized
ASTM A992, W6x8.5 (W152x12.6) steel sections measuring 72 in. (1,829 mm) long. Post nos.
1, 2, 28, and 29 were 5%-in. wide x 7%-in. deep X 46-in. long (140-mm x 191-mm x 1,168-mm)
BCT timber posts. The anchor posts were placed into 6-in. x 8-in. x 72-in. long (152-mm x 203-
mm x 1,829-mm), ASTM A53 Grade B, steel foundation tubes, as shown in Figures 3 and 6. All
posts were spaced 75 in. (1,905 mm) on center and placed in a compacted, coarse, crushed
limestone material, as recommended by MASH [6]. Post nos. 3 through 27 had an embedment
depth of 40 in. (1,016 mm). A 6-in. x 12-in. x 14%-in. long (152-mm x 305-mm x 368-mm)
Southern Yellow Pine wood blockout was used to block the rail away from the front face of each
steel post, as shown in Figure 5.

Standard 12-gauge (2.7-mm thick) W-beam rails with additional post bolt slots at half-
post spacing intervals were mounted on post nos. 1 through 29. The W-beam had a 247%-in. (632-
mm) center mounting height. Rail splices were located at midspans between posts, as shown in
Figure 3. The lap splice connections between the rail sections were configured to reduce vehicle

snag potential at the splice during the crash test.
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A load cell assembly was spliced into the upstream anchorage anchor cables to measure
the loads experienced during full-scale crash testing. The use of these load cell assemblies was
purely research orientated, with the purpose of analyzing the anchors’ performance.

A 1V:2H fill slope pit was dug behind post nos. 9 through 20, as shown in Figures 1, 2,
and 13. The pit was 120 in. (3,048 mm) wide and 60 in. (1,524 mm) deep. The length of the pit
was 75 ft (22.9 m), spanning from the midspan between post nos. 8 and 9 to the midspan

between post nos. 20 and 21.
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Figure 5. Line Post and Blockout Details, Test No. MGSS-1
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Figure 6. BCT Timber Post and Foundation Tube Details, Test No. MGSS-1
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Figure 7. BCT Post Components and Anchor Bracket, Test No. MGSS-1
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Figure 8. Ground Strut Details, Test No. MGSS-1
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Figure 9. BCT Anchor Cable, Test No. MGSS-1
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Figure 11. Rail Section Details, Test No. MGSS-1
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Figure 12. Bill of Materials, Test No. MGSS-1
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Figure 13. Test Installation Photographs, Test No. MGSS-1
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3 TEST REQUIREMENTS AND EVALUATION CRITERIA
3.1 Test Requirements

Longitudinal barriers, such as W-beam guardrails, 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 [6]. According to TL-3 of
MASH, longitudinal barrier systems must be subjected to two full-scale vehicle crash tests, as
summarized in Table 1.

W-beam barriers, specifically the MGS, struck by small cars have been shown to meet
the MASH safety performance standards with little lateral deflection and with no significant
potential for occupant risk problems. In test no. 2214MG-3, the standard MGS was successfully
crash tested with a 2,588-Ib (1,174-kg) small car impacting at a speed of 60.8 mph (97.8 km/h)
and an angle of 25.4 degrees according to the safety performance criteria set forth in MASH [10-
11]. In test no. MGSSYP-2, the standard MGS with Southern Yellow Pine (SYP) posts was also
successfully impacted by a 2,612-1b (1,185-kg) small car at a speed of 61.5 mph (99.0 km/h) and
at an angle of 25.3 degrees according to the MASH TL-3 safety performance criteria [12-13].
Further, the MGS was successfully crash tested according to the MASH TL-3 safety
performance criteria with maximum rail heights of 34-in. (864-mm) and 36-in. (914-mm). In test
no. MGSMRH-1, the MGS with a maximum rail height of 34-in. (864-mm), was impacted a
2,599-1b (1,174-kg) small car at 63.6 mph (102.4 km/h) and 25.0 degrees and in test no.
MGSMRH-2, the MGS with a maximum height tolerance of 36-in. (914-mm), was impacted by
a 2,583-Ib (1,172-kg) small car at 64.1 mph (103.2 km/h) and 25.6 degrees [14]. These tests
showed that a taller rail mounting height did not exhibit significant potential for occupant risk

concerns for the small car. In test no. MGSNB-2, the non-blocked MGS was successfully
19
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impacted by a 2,578-b (1,169-kg) small car at 63.0 mph (101.4 km/h) and 25.5 degrees
according to the MASH TL-3 safety performance criteria [15-16]. In test no. MGSGW-1, the
non-blocked MGS was placed at the slope break point of a 3H:1V fill slope of a wire-faced MSE
wall was successfully impacted by a 2,596-1b (1,178-kg) small car at a speed of 61.0 mph (98.2
km/h) and 25.3 degrees according to the MASH TL-3 safety performance criteria [17-18]. The
two tests of the non-blocked MGS further show that even without blockouts the MGS performs
satisfactorily when impacted by the MASH small car. Therefore, based on the success of prior
small car testing on the MGS, the 2,425-1b (1,100-kg) passenger car crash test was deemed
unnecessary for this project. Therefore, only test designation no. 3-11 with the 5,000-1b (2,268-

kg) pickup truck was conducted for the system described herein.

Table 1. MASH TL-3 Crash Test Conditions

Test Impact Conditions _
Test Desianation Test Speed | Evaluation
Avrticle g Vehicle Angle Criteria®
No. mph | km/h | (deg)
Longitudinal 3-10 1100C 62 100 25 ADFH,
Barrier 3-11 2270P 62 100 25 AD,FH,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:
(2) structural adequacy; (2) occupant risk; and (3) vehicle trajectory after collision. Criteria for
structural adequacy are intended to evaluate the ability of the longitudinal barrier 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
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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
summarized in Table 2 and defined in greater detail in MASH. The full-scale vehicle crash test
was conducted and reported in accordance with the procedures provided in MASH.

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 on the test summary sheet. Additional discussion on PHD, THIV
and ASI is provided in MASH.

3.3 Soil Strength Requirements

In accordance with Chapter 3 and Appendix B of MASH, foundation soil strength must
be verified before any full-scale crash testing can occur. During the installation of a soil-
dependent system, additional W6x16 (W152x23.8) posts are to be installed near the impact
region utilizing the same installation procedures as the system itself. Prior to full-scale testing, a
dynamic impact test must be conducted to verify a minimum dynamic soil resistance of 7.5 kips
(33.4 kN) at post deflections between 5 and 20 in. (127 and 508 mm) measured at a height of 25
in. (635 mm). If dynamic testing near the system is not desired, MASH 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.
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Table 2. MASH 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 5.3 and Appendix E of MASH.

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

Occupant Impact Velocity (O1V) (see Appendix A, Section A5.3 of
MASH for calculation procedure) should satisfy the following
limits:

Occupant Impact Velocity Limits

Component Preferred Maximum

Longitudinal and Lateral 30 fus 40 ft/s

(9.1 m/s) (12.2 m/s)

The Occupant Ridedown Acceleration (ORA) (see Appendix A,
Section A5.3 of MASH 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 testing facility 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 city campus.
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 those 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 [19] was used to steer the test vehicle. A
guide flag, attached to the right-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. MGSS-1, a 2007 Dodge Ram 1500 pickup truck was used as the test vehicle.
The curb, test inertial, and gross static vehicle weights were 5,024 Ib (2,279 kg), 4,992 b (2,264
kg), and 5,158 Ib (2,340 kg), respectively. The test vehicle is shown in Figure 15, and vehicle

dimensions are shown in Figure 16.
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MR

Figure 15. Test Vehicle, Test No. MGSS-1
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Date: 8/14/2014 Test Num ber: MGSS-1 Model: Ram 1500
Make: Dodge Vehicle LD.#: 1D7HA18K37J598039
Tire Size: 265/70 R17 Year: 2007 Odometer: 150188
Tire Inflation Pressure: 3Spsi
*(All Measurements Refer to Impacting Side)
_I_ (——  R— _]_ Vehicle Geometry -- in. (mm)
t w,';el wh':el a a_ 773/4 (1975) b 747/8 (1902)
Track Track
L o 41- c 2281/4  (5798) d 4712 (1207)
— 0 e e 14012  (3569) f 401/4 (1022)
Test Inertial CM. g 28 (711) h 6412 (1638)
Q ——}——T1IRE DIA i 16 (406) i 29 (737)
K \1 1.\_\ Ll bl e k 201/4 (514) 1 2812 (729)
\ i m 6712 (1715) n_673/4 (1721)
T b—g b o 441/4 (1124) p 3112 (89)
; —l:: Q - O /) 'f' ? q 32 (813) r 1812  (470)
& f s 151/4 (387) t 7514  (1911)
Wheel Center Height Front 14 7/8 (378)
2 vwreor ‘ wFronv " Wheel Center Height Rear 151/8 (384)
c Wheel Well Clearance (F) 353/4 (908)
Mass Distribution Ib (kg) Wheel Well Clearance (R) 38 (965)
Gross Static LF 1467  (665) RF 1334 (605) Frame Height (F) 183/4  (476)
LR 1157  (525) RR 1200 (544) Frame Height (R) 247/8  (632)
Engine Type Gas V-6
Weights
Ib (kg) Curb Test Inertial Gross Static Engine Size 3.7L
'W-front 2759  (1251) 2701 (1225) 2801 (1271) Transmition Type:
W-rear 2265 (1027) 2291 (1039) 2357 (1069) Aulo
W-total 5024 (2279) 4992 (2264) 5158 (2340) FWD @ 4WD
GVWR Ratings Dummy Data
Front 3700 Type: Hybrid II
Rear 3900 Mass: 166 1b
Total 6700 Seat Position: Driver
Note any damage prior to test: Dent in Driver's side fender behind wheel.

Figure 16. Vehicle Dimensions, Test No. MGSS-1
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The longitudinal component of the center of gravity (c.g.) was determined using the
measured axle weights. The Suspension Method [20] was used to determine the vertical
component of the c.g. for the pickup truck. This method is based on the principle that the c.g. of
any freely suspended body is in the vertical plane through the point of suspension. The vehicle
was 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 location of the final c.g. is shown in Figures 16 and 17. 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 vehicle for reference to be
viewed from the high-speed digital video cameras and aid in the video analysis, as shown in
Figure 17. Round, checkered targets were placed on the center of gravity on the left-side door,
the right-side door, and the roof of the vehicle.

The front wheels of the test vehicle were aligned to vehicle standards except the toe-in
value was adjusted to zero so that the vehicles would track properly along the guide cable. A 5B
flash bulb was mounted on the left side of the vehicle’s dash and was fired by a pressure tape
switch mounted at the impact corner of the bumper. The flash bulb was fired upon initial impact
with the test article to create a visual indicator of the precise time of impact on the high-speed
videos. A remote-controlled brake system was installed in the test vehicle so the vehicle could be

brought safely to a stop after the test.
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TEST #: MGSS-1

TARGET GEOMETRY-- in. (mm)

A 351/4 (895) E 64 (1626) I 40 (1016)

B 973/4 (2483) F 3234 (832) J 28 (711)

C 3914 (997) G 6412 (1638) K 421/4 (1073)

D 64 (1626) H 76 (1930) L 64172 (1638)
Figure 17. Target Geometry, Test No. MGSS-1
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4.4 Simulated Occupant

For test no MGSS-1, A Hybrid 11 50"-Percentile, Adult Male Dummy, equipped with
clothing and footwear, was placed in the left-front seat of the test vehicle with the seat belt
fastened. The dummy, which had a final weight of 166 Ib (75 kg), was model no. 572, serial no.
451, and was manufactured by Android Systems of Carson, California. As recommended by
MASH, the dummy was 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 of the accelerometers
were mounted near the center of gravity of the test vehicle. The electronic accelerometer data
obtained in dynamic testing was filtered using the SAE Class 60 and the SAE Class 180
Butterworth filters conforming to SAE J211/1 specifications [21].

The two systems, the SLICE-1 and SLICE-2 units, were modular data acquisition
systems manufactured by Diversified Technical Systems (DTS) of Seal Beach, California. 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.

4.5.2 Rate Transducers

Two identical angle 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 vehicle. Each
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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 bogie vehicle
before impact. Five retroreflective targets, spaced at approximately 18-in. (457-mm) intervals,
were applied to the side of the vehicle. When the emitted beam of light was reflected by the
targets and returned to the Emitter/Receiver, a signal 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 Load Cells

Load cells, shown in Figure 18, were installed in the upstream anchor cable for test no.
MGSS-1. The load cells were Transducer Techniques model nos. PCB 1-1376 and 261278 with a
load range up to 80 kips (356 kN). During testing, output voltage signals were sent from the
transducers to a National Instruments PCI-6071E data acquisition board, acquired with LabView

software, and stored on a personal computer at a sample rate of 10,000 Hz.
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4.5.5 Digital Photography

Six AOS high-speed digital video cameras, six GoPro digital video cameras, and three
JVC digital video cameras were utilized to film test no. MGSS-1. One of the GoPro cameras was
on-board the test vehicle. Camera details, camera operating speeds, lens information, and a
schematic of the other camera locations relative to the system are shown in Figure 19.

The high-speed videos were analyzed using ImageExpress MotionPlus and RedLake
MotionScope software programs. Actual camera speed and camera divergence factors were
considered in the analysis of the high-speed videos. A Nikon D50 digital still camera was used to
document pre-test and post-test conditions for the test. One of the GoPro cameras was onboard

the vehicle during the test.
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AOS-1 Vitcam CTM 500 Cosmicar 12.5 mm Fixed

AOS-2 AOS Vitcam 500 Nikor 20 mm Fixed

AOS-5 AOS X-PRI 500 Canon TV 200 mm 17-102 102
AOS-6 AOS X-PRI 500 Fujinon 50 mm Fixed

AQS-7 AOS X-PRI 500 Sigma 24-135 % btwn 35-50
AOS-8 AQOS S-VIT 1531 500 Sigma 28-70 28

GP-1 GoPro Hero 3 120

GP-2 GoPro Hero 3 120

GP-3 GoPro Hero 3 120

GP-4 GoPro Hero 3 120

GP-5 GoPro Hero 3 120

GP-6 GoPro Hero 3 120

JVC-2 JVC — GZ-MG27u (Everio) 29.97

JVC-3 JVC — GZ-MG27u (Everio) 29.97

JVC-4 JVC — GZ-MG27u (Everio) 29.97

Figure 19. Camera Locations, Speeds, and Lens Settings, Test No. MGSS-1
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5 FULL-SCALE CRASH TEST NO. MGSS-1

5.1 Static Soil Test

Before full-scale crash test no. MGSS-1 was conducted, the strength of the foundation
soil was evaluated with a static test, as described in MASH. The static test results, as shown in
Appendix C, 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.
5.2 Weather Conditions

Test no. MGSS-1 was conducted on August 14, 2014 at approximately 1:30 p.m. The
weather conditions, as per the National Oceanic and Atmospheric Administration (station

14939/LNK), were reported as shown in Table 3.

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

Temperature 88°F

Humidity 40%

Wind Speed 13 mph

Wind Direction 120° from True North
Sky Conditions Sunny

Visibility 10 Statute Miles
Pavement Surface Dry

Previous 3-Day Precipitation 0in.

Previous 7-Day Precipitation 0in.

5.3 Test No. MGSS-1

The 5,158-1b (2,340-kg) pickup truck impacted the standard MGS placed at the slope
break point of a 1V:2H fill slope at a speed of 61.6 mph (99.1 km/h) and an angle of 26.3
degrees. A summary of the test results and sequential photographs are shown in Figure 19.
Additional sequential photographs are shown in Figures 20 and 21. Documentary photographs of

the crash test are shown in Figure 23.
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5.4 Test Description

Initial vehicle impact was to occur 18 ft — 9 in. (5.7 m) upstream from the centerline of
post no. 15, as shown in Figure 24, which was selected using the CIP plots found in Section 2.3
of MASH. The actual point of impact was 18 ft — 6 in. (5.6 m) upstream from the centerline of
post no. 15. A sequential description of the impact events is contained in

Table 4. The vehicle came to rest 164 ft (50.0 m) downstream from the point of impact
and 50 ft — 4 in. (15.3 m) behind the front of the rail. The vehicle trajectory and final position are

shown in Figures 20 and 25.

Table 4. Sequential Description of Impact Events, Test No. MGSS-1

TIME

EVENT
(sec)

0.000 Vehicle left-front bumper contacted the rail between post nos. 12 and 13.

0.006 Post no. 12 deflected backward.

0.010 Post no. 13 deflected backward.

0.014 Vehicle left headlight deformed.

0.020 Post no. 11 deflected backward.

0.022 Post no. 14 deflected backward.

0.024 Vehicle began to yaw away from barrier.

0.030 Post no. 10 deflected backward, and vehicle’s hood and grill deformed.

0.032 Vehicle left-front door deformed.

0.046 Post no. 11 rotated backward, and vehicle’s left-front tire entered slope.

0.058 Post no. 15 deflected backward.

0.062 Post no. 9 deflected backward.

0.072 Post nos. 8 and 16 deflected backward.

0.082 Vehicle pitched upward.

0.122 Vehicle began to roll toward barrier.

Post no. 14 disengaged from guardrail, and vehicle’s left-front door contacted

0.128 guardrail between post nos. 13 and 14.

0.136 Post no. 17 deflected backward.

0.138 Post no. 19 deflected backward.
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0.140 Post no. 18 deflected backward.

0.170 Vehicle left-rear wheel entered slope.

0.190 Post no. 15 disengaged from guardrail.

0.192 Post no. 20 deflected backward.

0.238 Vehicle left quarter panel contacted guardrail between post nos. 12 and 13.

0.274 Post nos. 13 and 16 disengaged from guardrail.

0.280 Vehicle left headlight detached, and vehicle left taillight deformed.

0.402 Post no. 17 disengaged from guardrail.

0.406 Vehicle began to roll away from barrier.

0.432 Vehicle began to yaw toward barrier and pitched downward.

0.534 Post no. 18 disengaged from guardrail.

0.618 Vehicle was parallel to system at a speed of 43.5 mph (70 km/hr).

0.650 Vehicle began to yaw away from barrier.

0.742 Vehicle pitched upward.

0.748 Vehicle began to roll toward barrier.

0.966 Vehicle lost contact with system at a speed of 40.5 mph (65.1 km/hr) and an angle
of 16 degrees.

0.986 Vehicle pitched downward.

1.176 Vehicle pitched upward.

1.590 Vehicle pitched downward.

5.5 Barrier Damage

Damage to the barrier was moderate, as shown in Figures 27 through 31. Barrier damage

consisted of deformed W-beam rail, disengaged W-beam rail from the posts, and post rotation

out of the soil. The length of vehicle contact along the barrier was approximately 49 ft — 6 in.

(15.1 m), which spanned from 8% in. (210 mm) downstream from the centerline of post no. 12

through 2%z in. (64 mm) downstream from the centerline of post no. 20.

The W-beam rail deformed between post nos. 12 through 21. Contact marks were found

on the guardrail between post nos. 12 and 21. An 8-in. (203-mm) tear occurred vertically from

the end anchorage rail bolt hole at post no. 1. Post no. 2 split vertically through the bolt hole.
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Flattening occurred on the bottom corrugation of the rail from post nos. 13 through 16. Partial
bolt pullout occurred at post nos. 9 through 12, 19, 20, and 25. The bolt pulled through the rail at
post nos. 1, 3 through 8, 13 through 15, 19, and 22 through 24. Post no. 2 split, while post no. 3
twisted downstream. Post nos. 9 through 12 and 17 through 20 rotated backwards and twisted
downstream, while post no. 13 twisted upstream. Post nos. 14 through 16 rotated out of the soil.
Post nos. 21 through 29 remained unchanged.

The maximum lateral permanent set rail and post deflections were 56 in. (1,422 mm) at
post no. 17 and 52 % in. (1,340 mm) at post no. 17, as measured in the field. Post nos. 14 through
16 were removed from the system and were not considered for deflections. The maximum lateral
dynamic rail and barrier deflections was 72.9 in. (1,852 mm) at the midspan of post nos. 14 and
15, and 69.9 in. (1775 mm) at post no. 14, as determined from high-speed digital video analysis.
The working width of the system was found to be 77.4 in. (1,966 mm), also determined from
high-speed digital video analysis.

5.6 Vehicle Damage

The damage to the vehicle was minor, as shown in Figure 32. The maximum occupant
compartment deformations are listed in Table 5 along with the deformation limits established in
MASH for various areas of the occupant compartment. Note that none of the MASH established
deformation limits were violated. Complete occupant compartment and vehicle deformations and

the corresponding locations are provided in Appendix D.
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Table 5. Maximum Occupant Compartment Deformations by Location

MAXIMUM MASH ALLOWABLE
LOCATION DEFORMATION DEFORMATION
in. (mm) in. (mm)
Wheel Well & Toepan Y% in. (13 mm) <9 (229)
Floorpan & Transmission Tunnel Y in. (13 mm) <12 (305)
Side Front Panel (in Front of A-Pillar) Yain. (6 mm) <12 (305)
Side Door (Above Seat) Yain. (6 mm) <9 (229)
Side Door (Below Seat) Yain. (6 mm) <12 (305)
Roof 0 in. (0 mm) <4 (102)
Windshield 0 in. (0 mm) <3 (76)

The majority of the damage was concentrated on the left-front corner and left side of the
vehicle. Contact marks were found along the entire length of the left side of the vehicle and from
the right-front bumper to the right-front wheel well. Dents were found on the front bumper and
fenders and kinks were found on the bottom of the left-front fender. The left and right headlights
disengaged. The left-front wheel assembly disengaged from the control arms and the lower
portion of the spindle cracked. Tears 2 in. (51 mm) in length and contact marks were found on
the left-front wheel extending from the rim, and contact marks appeared along the outer wall of
the tire. Tearing occurred on the back of the left-front wheel well. A 1%-in. (38-mm) deep dent
was found on the left-front fender at the back of the wheel. A %-in. (19-mm) separation formed
between the roof and the left-front door. A small dent was found 14 in. (356 mm) from the
bottom of the C-pillar. Denting appeared along the entire length of the left quarter panel. The left
taillight partially disengaged, and a 1-in. (25-mm) deep dent was found on the left side of the

rear bumper.
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5.7 Occupant Risk

The calculated occupant impact velocities (OIVs) and maximum 0.010-sec occupant
ridedown accelerations (ORAS) in both the longitudinal and lateral directions are shown in Table
6. Note that the OIVs and ORAs were within the suggested limits provided in MASH. 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 20. The
recorded data from the accelerometers and the rate transducers are shown graphically in
Appendix E. Note, the SLICE-1 unit was designated as the primary unit during the test, as it was

closer to the CG of the vehicle.

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

Evaluation Criteria Trensqucer MASH
SLICE-1 SLICE-2 Limits
(Primary)
oIV Longitudinal -3.83 (-1.17) -3.69 (-1.12) 140 (12.2)
ft/s (m/s
(m/s) Lateral 3.87 (1.18) 4.12 (1.26) +40 (12.2)
Longitudinal -6.96 -7.14 +20.49
ORA
g’s
Lateral 5.19 541 +20.49
Roll -13.10 -10.85 175
MAXIMUM
ANGULAR .
DISPLACEMENT Pitch -4.62 -3.86 175
deg. ]
Yaw 36.95 36.40 not required
THIV .
fi/s (ms) 16.93 (5.16) 17.49 (5.33) not required
Pg':'? 7.67 7.39 not required
ASI 0.49 0.48 not required
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5.8 Load Cells

The pertinent data from the load cells was extracted from the bulk signal and analyzed
using the transducer’s calibration factor. The recorded data and analyzed results are detailed in
Appendix F. The exact moment of impact could not be determined from the transducer data as
impact may have occurred a few milliseconds prior to a measurable signal increase in the data.
Thus, the extracted data curves should not be taken as precise time after impact, but rather a
general time line between events within the data curve itself.
5.9 Discussion

The analysis of the test results for test no. MGSS-1 showed that the standard MGS placed
at the slope break point of a 1V:2H slope adequately contained and redirected the 2270P vehicle
with controlled lateral displacements of the barrier. Detached elements or fragments did not
show potential for penetrating the occupant compartment or present undue hazard to other traffic.
Deformations of, or intrusions into, the occupant compartment that could have caused serious
injury did not occur. The test vehicle did not penetrate or ride over the barrier and remained
upright during and after the collision. Vehicle roll, pitch, and yaw angular displacements, as
shown in Appendix E, were deemed acceptable, because they did not adversely influence
occupant risk safety criteria or cause rollover. After impact, the vehicle exited the barrier at an
angle of 16 degrees, and its trajectory did not violate the bounds of the exit box. Therefore, test
no. MGSS-1, conducted on the standard MGS placed at the slope break point of a 1V:2H fill
slope with 6-ft posts, was determined to be acceptable according to the MASH safety

performance criteria for test designation no. 3-11.
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DAl bt 8/14/14
MASH Test DESIGNATION ......viuiiiieiiirieieiee st 3-11
Test Article.......ccoveenee. Standard MGS at SBP of 1V:2H Slope
TOtal LENGLN .o s 175 ft (53.3 m)
Key Component — Steel W-Beam Guardrail

TRICKNESS. ... e 12 gauge (2.66 mm)

Top Mounting Height ........cccooiiiiiiniieee s 31in. (787 mm)
Key Component — Steel Post

SHAPE . W6 x 8.5 (W152 x 12.6)

72in. (1,829 mm)
75in. (1,905 mm)

Embedment Depth ...t 40in. (1,016 mm)
Key Component — Wood Blockout

Post NOS. 9-20 .....cueviiiieiiiseeeee s 6 x 12 x 14% in. (152 x 203 x 362 mm)
SO TYPE oo Coarse Crushed Limestone
Vehicle Make /MOGEL..........cooieiiiiiieiee e 2007 Dodge Ram 1500

CUM s 5,024 b (2,279 kg)

TSt INEILIAL. ..o e 4,992 Ib (2264 kg)

GrOSS STALIC. ..cvevieeeeceiiet et 5,158 Ib (2,340 kg)
Impact Conditions

SPEE ... 61.6 mph (99.2 km/h)

ANGIE (TTAJECTONY) 1.ttt 26.3 deg

Impact Location......... 18 ft — 6 in. (3.7 m) Upstream from Centerline of Post No. 15
Impact Severity (IS) .....ccccoevirrecenininnnn. 123.7 kip-ft (167.7 kJ) > 105.6 kip-ft (143.2 kJ)
Exit Conditions

SPEE ...ttt 40.5 mph (65.1 km/h)

AANGIE bbbttt 16 deg
EXIt BOX CIILEIION ...ttt Pass
Vehicle Stability........ccoiiiiiiiiiie s Satisfactory
Vehicle Stopping DIStanCe .........ccovveirrniveinneee s 164 ft (50 m) downstream

............................................................ 50 ft 4in. (15.3 m) laterally behind rail

0.190 sec

0.280 sec 2 0.454 sec
3" 32"
(787 [813]
Ground
Line
40"
[1016]
Vehicle Damage. ...
VDS [22] coovveeeeeeeeeeeeeeeeseseeseseesese s s s eesss s ess s
CDC [23]1eveeeeerereriineeesesessesesssessssssssssssssssssssssssssssssesssesssssesesesesssnsesesns
Maximum Interior Deformation i
TeSt Article DAMAGE .....cveverieirieiiieieieie ettt
Maximum Test Article Deflections
Permanent Set ........ccceirirrieiineie e 56 in. (1,422 mm)
Dynamic ..72.91n. (1,852 mm)
WOrKINg WIdth........c.covviiiiiiiiiccec s 77.4in. (1,966 mm)
Transducer Data
Transducer
. o MASH
Evaluation Criteria SLICE-1 .
(Primary) SLICE-2 Limit
o Longitudinal | -3.83 (-1.17) | -3.69 (-1.12) (f;g)
ft/s -
+40
(m/s) Lateral 3.87 (1.18) 4.12 (1.26) (12.2)
ORA Longitudinal -6.96 -7.14 +20.49
g’s Lateral 519 541 +20.49
MAX. Roll -13.10 -10.85 +75
ANGULAR Pitch -4.62 -3.86 +75
DISP. ot
deg. Yaw 36.95 36.40 .
required
not
THIV — ft/s (m/s) 16.93 (5.16) | 17.49 (5.33) required
PHD - g’s 7.67 7.39 not
required
not
ASI 0.49 0.48 required

Figure 20. Summary of Test Results and Sequential Photographs, Test No. MGSS-1
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0.650 sec 0.966 sec

Figure 21. Additional Sequential Photographs, Test No. MGSS-1
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0.752 sec ) 0650 sec

Figure 22. Additional Sequential Photographs, Test No. MGSS-1
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0.000 sec 0.000 sec

0.117 sec 0.092 sec

0.150 sec 0.175 sec

0.317 sec 0.275 sec

0.400 sec 0.425 sec

0.733 sec 0.675 sec

Figure 23. Additional Sequential Photographs, Test No. MGSS-1
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Figure 24. Impact Location, Test No. MGSS-1
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Figure 25. Vehicle Final Position and Trajectory Marks, Test No. MGSS-1




Figure 26. System Damage, Test No. MGSS-1

<
s
Py
w
T
EY
@
=]
(=]
=
=z
©
—
Y
2
o
&
w
N
@
[
(o]

>
=
=)
c
1%}
~—
N
[N
)
o
2
o




August 22, 2016
MwRSF Report No. TRP-03-320-16

Figure 27. System Damage, Test No. MGSS-1




Figure 28. System Damage Between Post Nos. 12 and 17, Test No. MGSS-1
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Fige 29. Post Dame Between Post Nos. 12 and 1,

Test No. MGSS-1
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. MGSS-1

Test No

PR

. Post Dage Between Post Nos. 15 and 18,

Figure 30




Figure 31. Upstream and Downstream A Damage, Test No. MGSS-1
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Figure 32. Vehicle Damage, Test No. MGSS-1
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6 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

The standard MGS that was placed at the slope break point of a 1V:2H slope was crash
tested and evaluated according to MASH. The MGS utilized 6-ft (1,829-mm) long W6x8.5
(W152x12.6) steel posts spaced at 75 in. (1905 mm). One full-scale crash test was performed
according to the TL-3 safety performance criteria, as defined in MASH. Test no. MGSS-1 (test
designation no. 3-11) consisted of a 4,992-1b (2,264-kg) pickup truck impacting the MGS at a
speed of 61.6 mph (99.1 km/h) and an angle of 26.3 degrees for an impact severity of 123.7 kip-
ft (167.7 kJ). The vehicle was contained and smoothly redirected. Thus, the standard MGS
placed at the slope break point of a 1V:2H slope was acceptable according to the safety
performance criteria presented in MASH. A summary of the safety performance evaluation is
provided in Table 7.

The successful evaluation of the standard MGS placed at the slope break point of a
1V:2H slope prevents the need to offset the system laterally away from the slope break point
when using standard length steel posts. Full-scale crash testing of the standard MGS installed at
the slope break point of a 1V:2H fill slope resulted in a working width of 77.4 in. (1,966 mm).
Thus, a minimum lateral distance of approximately 78 in. (1,981 mm) should be provided
between the front face of any fixed object and the front face of the MGS system.

The MGS placed at the slope break point of a 1V:2H slope has been successfully crash
tested according to the safety performance criteria presented in MASH with two different post
lengths, 9-ft (2,743-mm) and 6-ft (1,829-mm) long W6x8.5 (W152x12.6) steel posts. Results of
test designation no. 3-11 for the two MGS systems placed as the slope break point of a 1V:2H

slope are summarized in Table 8.
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Table 7. Summary of Safety Performance Evaluation Results

Evaluation
Factors

Evaluation Criteria

Test No.
MGSS-1

Structural
Adequacy

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 5.3 and Appendix E of MASH.

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 A5.3 of
MASH for calculation procedure) should satisfy the following
limits:

Occupant Impact Velocity Limits

Component Preferred Maximum

Longitudinal and Lateral

30 fi/s (9.1 mis) | 40 ft/s (12.2 m/s)

The Occupant Ridedown Acceleration (ORA) (see Appendix A,
Section A5.3 of MASH 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

MASH Test Designation Number

3-11

Pass/Fail

Pass

S — Satisfactory

U — Unsatisfactory ~ NA - Not Applicable
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Table 8. Comparison of MGS with 9-ft (2.7 m) and 6-ft (1.8 m) Long Posts

Test No. 3-11
Comparison of Results MGS with 9-ft (2.7 m) MGS with 6-ft (1.8 m)
Long Posts Long Posts
Reference Number [3] [this report]
Speed, mph (km/h) 63.1 (101.5) 61.6 (99.2)
Angle, deg 25.5 26.3
Impact Severity, kip-ft (kJ) 122.5 (166.0) 123.7 (167.7)
) Dynamic 57.6 (1,463) 72.9 (1,852)
Test Article
Deflections, Permanent Set 42 (1,067) 56 (1,422)
in. (mm) - -
Working Width 64.2 (1,631) 77.4 (1,966)
Longitudinal -13.90 (-4.24) -3.83 (-1.17)
OlV, ft/s (m/s)
Lateral 13.61 (4.15) 3.87 (1.18)
Longitudinal -5.36 -6.96
ORA, g’s
Lateral 5.28 5.19
Maximum Occupant Compartment
Deformation, in. (mm) 0.5(13) 0.5(13)
Roll Est. 6 -13.10
Maximum Angular Pitch Est. 5 4,62
Displacement, deg.
Yaw Est. 45 36.95
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7 IMPLEMENTATION GUIDANCE

As previously noted, the research detailed herein demonstrated that a standard MGS with
6-ft (1,829-mm) long, W6x8.5 (w152x12.6) steel posts performed in an acceptable manner when
installed at the slope break point of a 1V:2H slope according to test designation no. 3-11 of the
MASH impact safety standards. Several variations of the MGS system have been developed for
special applications, which may be more sensitive to this type of installation adjacent to slopes.
These special applications would include the MGS long-span system [24-25], MGS with various
wood posts [10-13, 26], MGS on 8H:1V approach slopes [27], MGS adjacent to a curb [28-30],
MGS stiffness transition to approach guardrail transitions [31-34], MGS with reduced post
spacing [28-30], and MGS without blockouts [15-16]. Since several MGS variations are
available, recommendations regarding the use of the MGS adjacent to a 1V:2H slope with
standard, 6-ft (1,829-mm) long steel posts will likely vary depending on the nature and behavior
of the special applications listed above.

The following sections provide suggested implementation guidance and/or
recommendations regarding the tested system and use with other MGS special applications.
These recommendations are intended to ensure comparable safety performance of the guardrail
systems and are based on the full-scale testing and any associated research available at the
conclusion of this project. Although some installation sites will require systems outside the
bounds of these recommendations, the reasoning behind these recommendations should be
considered along with other roadside treatments when selecting the final site specific design.

7.1 Soil Foundation

The soil foundation of the posts affects post-soil resistive forces, thus the strength of the

soil is critical for the MGS placed adjacent to a 1V:2H slope. For typical longitudinal barrier

designs, it has generally been assumed that the use of strong soils is more critical for full-scale
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crash testing and evaluation as strong soils tend to produce higher post-soil resistive forces which
tend to create higher rail forces, increased snag on barrier support posts, and higher occupant risk
values. However, in the case of the MGS installed at the slope break point of a 1V:2H slope with
standard, 6-ft (1,829-mm) long steel posts, the soil resistive forces of the standard system are
being reduced by a combination of shallow post embedment and slope effects. Insufficient soil
support can lead to excessive guardrail post movements and guardrail lateral deflection during
vehicle collision, potentially resulting in a lower capacity to contain and redirect errant vehicles
on slopes. Thus, the use of a strong soil in this situation may not be critical, as it may actually
improve system capacity in this sloped configuration with shallow post embedment.

MASH accounts for the use of weak or reduced strength soils in the evaluation of certain
barrier systems. MASH provides the following guidance with respect to the use of alternative
soils. Quoting directly from MASH:

3.3 Soil

Impact performance of some soil-mounted features depends on dynamic

soil structure interaction. Longitudinal barriers with soil embedded posts and

soil-embedded support structures for signs and luminaires are such features.

When feasible, these features should be tested with soil conditions that replicate

typical in-service conditions. Soil conditions are known to vary with time,

location, and environmental factors, even within relatively small geographical

areas. Therefore, except for special test conditions, it is necessary to standardize

soil conditions for testing. In the absence of a specific soil, it is recommended that

all features whose impact performance is sensitive to soil-structure interaction be

tested in a soil that conforms to the performance specification as described in

Section 3.3.1. However, product developers and user agencies should assess the
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potential sensitivity of a feature to foundation conditions. If the feature is likely to

be installed in a soil that could be expected to degrade its performance, testing in

one or more of the special soils described in Section 3.3.3 may be appropriate.

A3.3.1 Standard Soil
Unless the test article is limited to areas of weak soils, the standard soil

should be used with any feature whose impact performance is sensitive to soil-

foundation or soil-structure interaction. A large percentage of previous testing

has been performed in similar soil and a historical tie is needed. Although it is

probably stronger than the average condition found along the roadside, it is still

representative of a considerable amount of existing installations.

A3.3.3 Special Soils

The weak soil should be used, in addition to the standard soil, for any
feature whose impact performance is sensitive to soil-foundation or soil-structure
interaction if: (a) identifiable areas of the state or local jurisdiction in which the

feature will be installed contain soil with similar properties, and (b) there is a

reasonable uncertainty regarding performance of the feature in the weak soil.

Tests have shown that some base-bending or yielding small sign supports readily

pull out of the weak soil upon impact. For features of this type, the strong soil is

generally more critical and tests in the weak soil may not be necessary.

MASH recommends that the system be tested in the standard soil unless the hardware
installations are expected to be placed in generally weak soils, and weak soil is expected to
degrade performance. Otherwise, it recommends that the standard soil be used as it is believed to
be representative of typical soil foundation conditions and provides a historical tie to previous

testing. While there was an argument that weak soils may be more critical with respect to the
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MGS installed at the slope break point of a 1V:2H slope with standard, 6-ft (1,829-mm) long
posts, it was believed that evaluation of such a system should follow the guidance provided in
MASH. The system should be evaluated with standard soil based on the fact the general soil
condition for a given installation would not be assumed to be weak, and it provides a link to
previous testing of guardrails on slope.

However, the concerns noted previously with respect to reduced barrier resistive forces
and increased barrier deflection should still be considered when installing this type of system in
real-world applications. Installation of the MGS installed at the slope break point of a 1V:2H
slope with standard, 6-ft (1,829-mm) long steel posts in soils weaker than those tested may
increase barrier deflections. The increased deflections may become excessive and lead to a
failure of the system to capture and redirect an impacting vehicle. As such, users may elect to
limit installation of the MGS installed at the slope break point of a 1V:2H slope with standard, 6-
ft (1,829-mm) long steel posts to areas with similar soil strength to the as-tested system.

Previous testing of the MGS long span system [23] exhibited a dynamic barrier deflection
of 92% in. (2,343 mm), which is significantly higher than the 727 in. (1,851 mm) observed in
test no. MGSS-1. This fact would seem to suggest that the MGS installed at the slope break point
of a 1V:2H slope with standard, 6-ft (1,829-mm) long steel posts can accommodate higher
deflections than the as-tested system, but the extent of that additional deflection is unknown. End
users would also need to compensate for the additional deflection by using more conservative
working widths for the system when using lower strength soils.

7.2 Minimum Installation Height

Previous testing of the MGS and the original G4(1S) system under the MASH criteria has

suggested that the MGS has a minimum acceptable rail height below its nominal mounting

height of 31 in. (787-mm) [14]. The MGS was not actually crash tested at its minimum top rail
59



August 22, 2016
MwRSF Report No. TRP-03-320-16

height of 27% in.(706 mm) using the impact conditions published in MASH. However, the
modified G4(1S) W-beam guardrail system was shown to meet the TL-3 criteria found in the
MASH with the completion of test no. 2214WB-2 [35]. Previously, it has been demonstrated that
the MGS provides improved barrier performance over that observed with the modified G4(1S)
barrier system [11, 28-30]. Therefore, it was believed that the MGS will also meet the TL-3
requirements found in the MASH when installed at a top rail height of 27% in. (706 mm) when
used on level terrain.

Previously, the 31-in. (787-mm) tall MGS with 9-ft (2.74-m) long W6x8.5 (W152x12.6)
steel posts was successfully crash tested under the MASH TL-3 criteria when installed at the
slope break point of a 1V:2H fill slope using standard post spacing and blockouts [3,5].
However, similar crash testing was not successful for the minimum recommended MGS
mounting height of 27% in. (706 mm). As such, the minimum recommended top mounting height
is unknown for the MGS adjacent to 1V:2H fill slopes.

It should be noted that no crash tests have been performed on the MGS installed at the
slope break point of a 1V:2H slope with standard, 6-ft (1,829-mm) long steel posts with reduced
rail height. It is believed that the minimum recommended top mounting height would likely be
affected, similar to the blocked version of the MGS adjacent to 1V:2H fill slopes. As such, it is
highly recommended that the MGS installed at the slope break point of a 1V:2H slope with
standard, 6-ft (1,829-mm) long steel posts utilize a minimum top mounting height of 31 in. (787
mm) until further investigation is performed.

7.3 MGS Long-Span Guardrail

The MGS long-span guardrail system was successfully full-scale crash tested using an

unsupported length of 25 ft (7.62 m) and three CRT posts with 12-in. (305-mm) deep blockouts

adjacent to each end of the unsupported span [24]. These CRT posts were incorporated into the
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system in order to mitigate concerns for wheel snag on posts adjacent to the unsupported span
when traversing from the unsupported span to the downstream standard guardrail. Adjacent to
the CRT posts, the standard MGS utilized 12-in. (305-mm) deep blockouts. The MGS long-span
guardrail system was installed with the back of the CRT posts positioned flush with the front
face of the culvert headwall. The posts upstream and downstream from the culvert were installed
2 ft (610 mm) away from the slope break point of a 3:1 fill slope.

It may be desirable to apply the MGS installed at the slope break point of a 1V:2H slope
with standard, 6-ft (1,829-mm) long steel posts to the MGS long-span guardrail system. There is
concern that the use of this type of installation adjacent to a steep slope with the MGS long span
may allow for dynamic barrier deflections that are too large for safe vehicle redirection. The
MGS long span already has the largest dynamic deflection of any previously-tested MGS
application. Combining that system with the MGS installed at the slope break point of a 1V:2H
slope with standard, 6-ft (1,829-mm) long steel posts would likely result in even greater barrier
deflections. Additionally, the CRT posts used in the MGS long span adjacent to the unsupported
rail would behave differently when installed at the slope break point of a 1V:2H slope. The
expected increase in barrier deflection could affect vehicle capture and stability to level that is
difficult to predict without further research. As such, it is not recommended to apply the MGS
installed at the slope break point of a 1V:2H slope with standard, 6-ft (1,829-mm) long steel
posts in conjunction with the MGS long span without further analysis and crash testing.

7.4 MGS with an Omitted Post

Recent research at MwRSF consisted of the evaluation of the standard MGS with an

omitted post [25]. The omitted post created an unsupported span of 12.5 ft (3.8 m). No other

modifications were made to the MGS. One full-scale crash test was performed according to the
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TL-3 safety performance criteria defined in MASH, test designation no. 3-11, and the MGS with
an omitted post performed in an acceptable and safe manner.

Concerns for the use of the MGS installed at the slope break point of a 1V:2H slope with
standard, 6-ft (1,829-mm) long steel posts in combination with an omitted post are similar to
those noted previously for the MGS long span. Omission of a post in this type of system would
tend to increase rail deflections over the system tested herein, and this increase in deflection
could adversely affect the barrier’s performance in terms of vehicle capture and stability. As
such, it is not recommended to apply the MGS installed at the slope break point of a 1V:2H slope
with standard, 6-ft (1,829-mm) long steel posts in combination with a single omitted post without
further analysis and crash testing.

7.5 MGS on 8:1 Approach Slopes

Previously, full-scale crash testing was successfully performed on the steel-post version
of the MGS installed on an 8:1 approach slope with the W-beam positioned 5 ft (1.52 m)
laterally behind the slope break point [27]. This testing program was conducted according to the
NCHRP Report No. 350 impact safety standards using both an 820C small car and a 2000P
pickup truck. From the crash testing program, the mounting height of the blocked MGS relative
to the airborne trajectory of the front bumper and impact-side wheels was deemed critical for
satisfactorily containing the 2000P pickup truck. Arguably, the test results may have also
demonstrated that the 31-in. (787-mm) top railing height greatly contributed to adequate vehicle
containment and stable redirection.

Because the MGS on 8:1 approach slopes has not been evaluated under the MASH
criteria, there is uncertainty on how this type of installation would be affected when installed
near a 1V:2H slope. It is possible that placement of the 1V:2H slope adjacent to this installation

may lead to increased barrier deflection and increased propensity for vehicle instability. As such,
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it is not recommended to apply the MGS installed at the slope break point of a 1V:2H slope with
standard, 6-ft (1,829-mm) long steel posts in conjunction with the MGS on 8:1 approach slopes
without further analysis and crash testing.
7.6 MGS Adjacent to Curb

The standard MGS was successfully crash tested and evaluated with the front face of the
W-beam rail placed 6 in. (152 mm) behind the front face of a 6-in. (152-mm) tall concrete curb
according to the NCHRP Report No. 350 TL-3 criteria using a 2000P pickup truck [28-29]. The
use of the MGS installed at the slope break point of a 1V:2H slope with a concrete curb causes
potential concerns with respect to barrier performance. The MGS adjacent to curb was not
evaluated under the MASH criteria, so it is unknown for certain how the MGS adjacent to curb
performs with respect to the small car and pickup truck impacts required in MASH. Additionally,
the effect of the additional barrier deflection expected for an installation at the slope break point
of a 1V:2H slope in combination with the impacting vehicle’s traversal of the curb during impact
and exit with the barrier may pose additional difficulties for safe vehicle redirection that were not
evaluated during the NCHRP Report No. 350 testing on level terrain. As such, it is not
recommended to apply the MGS installed at the slope break point of a 1V:2H slope with
standard, 6-ft (1,829-mm) long steel posts adjacent to curbs without further analysis and crash
testing.
7.7 MGS Stiffness Transition to Approach Guardrail Transitions

Several options for approach guardrail transitions for the MGS system have been
developed [31-34]. As part of those efforts, a steel-post MGS stiffness transition was found to
satisfy all of the TL-3 safety performance criteria of MASH through a full-scale crash testing
program. This transition design utilized standard, 6-ft (1,829-mm) long W6x8.5 (W152x12.6)

posts for a majority of the upstream stiffness transition. Subsequent bogie testing and BARRIER
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VIl analysis developed a wood-post transition system that behaved similarly and without
increases in deflections, pocketing, or snag. Thus, it was believed that the wood-post transition
system would also satisfy the MASH performance criteria, and the wood-post MGS stiffness
transition was recommended for use as a TL-3 safety barrier.

The performance of approach guardrail transitions is directly related to the effectiveness
of the system in providing a gradual transition in stiffness between the approach guardrail and
the bridge parapet or bridge rail. The previously-described MGS transitions were designed to
rely on post-soil resistive forces to develop the proper stiffness transition. Installation of this type
of transition or portions of the approach guardrail upstream of the transition on 1V:2H slopes
could alter the stiffness of the transition system in such a way to compromise the performance of
the barrier system. Previous research at MWRSF related to investigation of transition systems
installed in a manner which deviated from the as-tested design found that installation of approach
guardrail transitions on slopes resulted in increased propensity for increased barrier deflection,
rail pocketing, and vehicle snag. As such, it is not recommended to apply the MGS installed at
the slope break point of a 1V:2H slope with standard, 6-ft (1,829-mm) long steel posts in any
region inside the MGS approach guardrail transition without further analysis and crash testing.

Additionally, previous guidance developed for the MGS approach guardrail transition has
noted that a minimum of 25 ft (7.62m) of standard MGS must is required upstream of the
asymmetric W-to-thrie beam transition piece prior to deviating to some an MGS special
application. Thus, it is recommended that the MGS installed at the slope break point of a 1V:2H
slope with standard, 6-ft (1,829-mm) long steel posts be should be placed no closer to the MGS
approach guardrail transition than a minimum of 25 ft (7.62m) from the asymmetric W-to-thrie

beam transition section, as shown in Figure 33.
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Transition

Figure 33. MGS Adjacent to a 1V:2H Slope Offset from W-to-Thrie Beam Transition

7.8 MGS with Reduced Post Spacing

A steel-post version of the MGS with quarter-post spacing was successfully full-scale
crash tested and evaluated using a 2000P pickup truck according to the TL-3 criteria found in
NCHRP Report No. 350 [28-30]. Subsequent analysis of the barrier system with BARRIER VII
was used to develop details for a half-post spacing version of the MGS as well. The use of
reduced post spacing for W-beam guardrail adjacent to steep slopes has previously been
evaluated under NCHRP Report No. 350 and was found to improve performance over the
standard guardrail adjacent to slope due to the increased post-soil resistive forces provides by the
more closely spaced support posts [1-2]. Thus, it is reasonable to assume that reduced post
spacing would provide similar performance benefits to the MGS installed at the slope break point
of a 1V:2H slope with standard, 6-ft (1,829-mm) long steel posts. Reduced post spacing may
provide a good alternative for installations where the soil strength is in question and users wish
to manage the barrier deflection while still using standard length posts.
7.9 MGS without Blockouts

As noted previously, the 31-in. (787-mm) tall MGS with 9-ft (2.74-m) long W6x8.5
(W152x12.6) steel posts was successfully crash tested under the MASH TL-3 criteria when
installed at the slope break point of a 1V:2H fill slope using standard post spacing and blockouts.
Additionally, full-scale crash testing was successful on a non-blocked MGS system when
installed both on level terrain and adjacent to slopes. A non-blocked MGS installed at the slope

break point of a 3:1 fill slope positioned on top of an MSE wall was tested under the MASH TL-
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3 safety criteria for both the 1100C and 2270P vehicles [17-18]. Subsequent MASH testing was
also successfully performed on a non-blocked MGS installed on level terrain with both the
1100C and 2270P vehicles [15-16]. Comparison of the non-blocked and blocked versions of the
MGS found the performance of the standard MGS with 12-in. (305-mm) deep blockouts
improved as compared the non-blocked system, and the safety performance of the non-blocked
system was acceptable under the MASH criteria.

Using the results from these successful crash testing programs, it is believed that
satisfactory performance would also be provided by a non-blocked version of the MGS when
installed at the slope break point of a 1V:2H slope with standard, 6-ft (1,829-mm) long steel

posts, as shown in Figure 34.

3 ” 32"
[787mm] [813mm]
Ground
Line
40"
[1016mm] 2H:1V Slope

Figure 34. MGS Adjacent to a 1V:2H Slope without Blockouts

7.10 MGS with Wood Posts

Over the years, MWRSF has crash tested several wood-post MGS systems, including
rectangular, Southern Yellow Pine (SYP) wood posts and alternative wood species round and
rectangular posts [12-13,26]. Comparison of MASH crash testing with both steel and rectangular
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wood posts found that the performance of the MGS system with steel and rectangular SYP wood
posts was found to correlate very well [12-13]. Dynamic deflections, working widths, occupant
risk values, and vehicle stability measures were generally unaffected by the change in the post
type. Only minor differences in the system behavior were found, and no concerns were identified
that suggested that one system had a safety performance advantage over the other. Thus, it was
concluded that the 6-in. wide x 8-in. deep x 72-in. long (152-mm wide x 203-mm deep x 1829-
mm long) wood-post and W6x8.5 x 72-in. (W152x12.6 x 1829-mm long) long steel-post MGS
systems provide equivalent safety performance. Based on the similar performance observed for
the wood- and steel-post MGS systems, there may be a desire for end users to install a wood post
MGS installed at the slope break point of a 1V:2H slope with standard, 6-ft (1,829-mm) long
posts.

The 31-in. (787-mm) tall MGS with 9-ft (2.74-m) long W6x8.5 (W152x12.6) steel posts
was successfully crash tested under the MASH TL-3 criteria when installed at the slope break
point of a 1V:2H fill slope using standard post spacing and blockouts and was also approved
with 8-ft (2.44-m) long W6x8.5 (W152x12.6) steel posts [3]. Later and based on dynamic
component testing, a wood post version of the MGS system was configured with 7.5-ft (2,286-
mm) long, SYP posts and for use in shielding a 1V:2H fill slope [4]. For the SYP wood post
variation, the embedment depth was 58 in. (1,473 mm).

Based on this previous research, it would seem reasonable that a rectangular, SYP wood
post MGS installed at the slope break point of a 1V:2H slope that utilized standard, 6-ft (1,829-
mm) long posts would perform similarly to the steel post version tested herein. Thus, it is
recommended that the MGS with 6-in. wide x 8-in. deep x 72-in. long (152-mm wide x 203-mm
deep x 1829-mm long) SYP posts may be installed at the slope break point of a 1V:2H slope, as

shown in Figure 35.
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Similarly, the MGS was successfully evaluated under the MASH criteria when installed
with 6-in. wide x 8-in. deep x 72-in. long (152-mm wide x 203-mm deep x 1829-mm long) white
pine posts [26]. At the time of that research, MwWRSF recommended that a white pine MGS
system located adjacent to a 1V:2H fill slope should utilize 6.5-ft (1,981-mm) long, 6-in. x 8-in.
(152-mm x 203-mm) wood posts at half-post spacing, or on 37%2 in. (953 mm) centers. This post
length was shorter when compared to the SYP posts adjacent to slope in order to prevent post
fracture of the lower strength white pine while still providing adequate post soil resistive forces.
The testing of the MGS installed at the slope break point of a 1V:2H slope with standard, 6-ft
(1,829-mm) long steel posts detailed herein suggests that further reduction in post embedment is
acceptable. Thus, it is believed that the MGS with 6-in. wide x 8-in. deep x 72-in. long (152-mm
wide x 203-mm deep x 1829-mm long) white pine posts may be installed at the slope break point
of a 1V:2H slope as well.

As noted above, other testing and evaluation of wood posts has been conducted with the
MGS. Several alternative species of round, wood posts have been evaluated with the MGS based
on NCHRP Report No. 350 testing. Because these posts have different strengths, embedment,
and geometry from the standard 6-in. wide x 8-in. deep x 72-in. long (152-mm wide x 203-mm
deep x 1829-mm long) SYP post, and they have not been evaluated with the MGS under the
MASH criteria, it is not recommended to use the standard length, alternative species, round

wood posts adjacent to a 1V:2H slope without further analysis.

68



August 22, 2016
MwRSF Report No. TRP-03-320-16

/—SYP Post

3 " 320
[787mm] [813mm]
Ground
Line
[10$gmm] 2H:1V Slope

Figure 35. MGS Adjacent to a 1V:2H Slope with SYP Rectangular Posts

7.11 Guardrail End Terminals

Finally, there may be a desire to implement the MGS installed at the slope break point of
a 1V:2H slope with standard, 6-ft (1,829-mm) long steel posts near the ends of guardrail systems,
which are typically anchored with some form of crashworthy end terminal or end anchorage.
Installation of anchorage systems, such as generic, trailing end anchorages, directly adjacent to a
1V:2H slope is not recommended as the reduction in soil near the anchorage may adversely
affect its ability to develop the necessary tensile loads to restrain the barrier system and redirect
impacting vehicles. Additionally, 1V:2H slopes are not considered to be safely traversable, thus
any guardrail system shielding this type of slope should provide anchorage outside the sloped
area.

Crashworthy end terminals require specific grading requirements to function properly in

the area surrounding the end terminal. As such, it is recommended that guidance from the
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individual end terminal manufacturer be followed with respect to placement of these systems

adjacent to slopes.
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Appendix A. Material Specifications, Test No. MGSS-1
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Description Material Specification Reference

W6x8.5 [W152x12.6], 72" Long [1829]
Steel Post

ASTM A992 Min. 50 ksi [345 MPa] Steel Galv. or W6x9

[W152x13.4] ASTM A36 Min. 36 ksi [248 MPa] Steel Galy. | 720028671 R#14-0097 Red Paint

8.

Figure A-1. Bill of Materials, Test No. MGSS-1

6x12x14 1/4" [152x305x362] Timber
Blockout for Steel Posts

SYP Grade No.1 or better

CWNP Invoice: 43270 Charge# 335
Blue Paint

16D Double Head Nail

n/a

12'-6" [3810] W-Beam MGS Section

12 gauge [2.7] AASHTO M180 Galv.

H#4614 AND H#3390

6'-3" [1905] W-Beam MGS Section

12 gauge [2.7] AASHTO M180 Galv.

Red Paint R# 12-0368 ""WB2'" H#

515691
12'-6" [3810] W-Beam MGS End Section 12 gauge [2.7] AASHTO M180 Galv. H# 4614
BCT Timber Post - MGS Height SYP Grade No. 1 or better (No knots, 18" [457] above or Green Paint

below ground tension face)

72" [1829] Long Foundation Tube

ASTM A500 Grade B Galv.

H# Y85912 R# 090453-7

Strut and Yoke Assembly

ASTM A36 Steel Galv.

Reg# 090453-8

BCT Cable Anchor Assembly

3/4" [19] 6x19 IWRC IPS Galvanized Wire Rope

Green Paint

Anchor Bracket Assembly

ASTM A36 Steel Galv.

H# V911470 ""A2" Black Paint

8"x8"x5/8" [203x203x16] Anchor Bearing
Plate

ASTM A36 Steel Galv.

H#6106195 R#090453-9

2 3/8" [60] O.D. x 6" Long [152] BCT
Post Sleeve

ASTM A53 Grade B Schedule 40 Galv.

H# 280636 R# 09-0458

5/8" [16] Dia. UNC, 14" [356] Long
Guardrail Bolt and Nut Bolt

ASTM A307 Galv., Nut ASTM A563 A Galv.

H# 6600679 Yellow Paint/ L# 22191
R# 12-0368 Red Paint/ L# 22191 R#
12-0348 Blue Paint

5/8" [16] Dia. UNC, 1 1/4" [32] Guardrail
Bolt and Nut Bolt

ASTM A307 Galv., Nut ASTM A563 A Galv.

BOLT: H#20206310 R#13-0029 NUT:

H#20207480 R#13-0029

5/8" [16] Dia. UNC, 10" [254] Long
Guardrail Bolt and Nut Bolt

ASTM A307 Galv., Nut ASTM A563 A Galv.

L#130809L R#14-0207 Green Paint

5/8" [16] Dia. UNC, 1 1/4" [38] Long Hex
Head Bolt and Nut Bolt

ASTM A307 Galv., Nut ASTM A563 A Galv.

H#C1007000023 LOT#JW1101045
Rollform Supply

5/8" [16] Dia. UNC, 10" [254] Long Hex
Head Bolt and Nut Bolt

ASTM A307 Galv., Nut ASTM A563 A Galv.

Blue Paint R#12-0098 H#780337

7/8" [22] Dia. UNC, 8" [203] Long Hex
Head Bolt and Nut Bolt

ASTM A307 Grade A Galv., Nut ASTM A563 A Galv.

R# 12-0037 BOLT: H# 04-3280n NUT:

L# 1N1030101 H# 10100058-3

5/8" [16] Dia. Plain Round Washer

ASTM F844 Galv.

Yellow Paint H# 09420734

7/8" [22] Dia. Plain Round Washer

ASTM F844 Galv.

R# 12-0037 H#82800072
L#HO1788740 (HILLMAN COC)
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6.

CERTIFIED MATERIAL TEST REPORT _Page 1/]
CUSTOMER SHIP 10 CUSTOMER BILL TO GRADE SHAPE /8IZE
G E R D AU HIGHWAY SAFETY CORP HIGHWAY SAFETY CORP ABIIAT036 Wide Flangs Bearm /6 X 852
473 W FAIRGROUND 8T
MARION,0H 43302-1701 GLASTONBURY,CT 06(33-0358 LENGTH WEIGHT HEAT [ BATCH
1JS-ML-CARTERSVILLE s UsA 42007 IT4RS LB SSHES6TL0L
384 OLD GRASSDALE ROAD NE

CARTERSVILLE. (34 30121 SALES ORDER CUSTOMER MATERLAL N SFECIFICATION f DATE or REVISION
s N A48 20000020 1-ABTHM AS/AEN-11
SA 2-ASOV AR
CUSTOMER PURCHASE ORDER NUMBER BILL OF LADING DATE FATIHATR
oo156214d 1323-00000H18317 OTITII0N - .
3 IB-B0600800
CHEMICATL. COMPOSITION
C b P g S Cu Ni Or Mo v Nb M Ph
L] o b1l 1] L] % Y £ k3 i % bl )
a4 Q50 s (1] 1% Q.28 01 AT L0034 L[ Q002 QG -]
CHEMICAL COMPOSITION
2:
[l
MECHANICAL PROPERTIES
Elong. [x; 8 UTs urs Y502% ki
LA Ieeh PRI PR PEl X 1:3]
020 000 TAZ0 512 0000 351
2210 B.000 T4 310 S4R00 318
COMWMENTS ¢/ NOTES

The above figures are certified chemical and physical test records as contained i the permanent records of company. This material, including the billets, was melted and manufactured 1n

the USA, CMTR complies with EN 10204 3.1.

BHASEAR VALAMAKCHIL
/e
QUALFY DIRESTOR

TN WANG
QUALITT ASPIRANCE MGR.

Figure A-2. Steel Posts, Test No. MGSS-1
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CENTRAL :

HNEERASKA
WOOD FREBERVERS, ING
F. O, Box 630 = Sutton, ME 683732

Pone 402-773-4310
FAX 402-773-4513

] CWHNP Invpice _ M

Shipped To Mtburst H#IE{E{T
Customer PO £55 E’&

Central Nebraska Wood Preservers, Inc.
Certification of Inspection

Date: S,’/g:/{"ék

Specifications: Highwav Construction Lse
Pressovative: CCa —C 060 pef
: T — - - . :
Charge Diate | ilaterial Size, . "j'r.hlt{ “F-:su:l'r:ilmn Am.z] h
. Teeated Jirade Leneth & Dreseins = Pleces Moisture | # of Borings & Fetentions ,
" = = Readings | % Conforming | % Conforming

335 |<Bla et | grn-n” ke [ B | €% (%o 2% |asTpt
33 el YR etk R | 36 | 17% Yo 5% |en pet
332 |ulmha | ™ (pm-r Pt | 176 9% 1% 5% ek e

MNumber of pieces rejected and reason for rejection:
Mo

Statement: The above reference material was treated and inspacted in accordance with the above
referenced specifications.

-

eneral Manager ate

Figure A-3. Wood Blockouts, Test No. MGSS-1
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MADE mmEQHOfEN;CHmA
Figure A-4. 16D Double Heaa”NaiI,.Test No. MGSS-1
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GREGORY HIGHWAY PRODUCTS, INC.

Customer:  UNIVERSITY OF NEBRASKA-LINCOLN

401 CANFIELD ADMIN ELDG

P O BOX 860439

LINCOLN, NE. 885B8-0435
HEAT # c. Mn. P. s Si. Tensile
3380 o 0.8 0013 0007 .01 81680

8

4100 13th St. P.O. Box B0508

Canton, Ohio 44708
Test Report )
BOL.# 15808 DATE SHIPPED: ' 08£27/05
Customer P.0O.: VERBAL JOHN ROHDE
Shipped ta UNNVERSITY OF NEBRASKA-LINCOLN
Projett : STOCK
GHP Order Mo 44822
Yiald Fiang, Quantity GClass Typa
82520 20.78 160 : 2

Bolts comiply with ASTM A-307 specifications and are gatvanized in sccondance with ASTM A-163, uriless othamwise staled.
Huts comply with ASTM A-563 epacificalions and are galvanized In sccordance with ASTM A-153, unlexs othenwisae stated.

All othes galvanized material
Allsizel used Mﬂmlmmhd%
All Guardrall and Taminal Sections mests

All Bo'ts and Nuls are of Domesllc Odgin =

whin ASTM-123 & ASTM-525

i Mgited in the Unitad States” ;
K steel mests AASHTO M-183 & M270

RECEIVED
0CT 05 2u4

UNLFMP

Bescriplion
12GA AZFTSINGIFTT 121N WE T2

= STATE OF OHIO: COUNTY OF STARK
o} Swom to and subscibad befarm e, 3 Notary Public, by
By i ,ﬂﬂ- e d Sepiembpg, 2005
Andrew 1 e & 1 A
Viee President of Sates and Markeling e2 f_f’.'. f S 3 S el | A
Gregory Highway Pradurts, inc. Pl S Dawn R Baiten
(Eh] 'ﬂ;’. Nedary Public, Stale of Chis
. JI My Commission Expires February 24, 2008

L

Figure A-5. MGS W-Beam 12-ft — 6-in. (3.8-m) Section, Test No. MGSS-1

IZ:¢1 6EOZ/CB/ER
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| GREGORY HIGHWAY PRODUCTS, INC.
4100 13th St. P.O. Box 80508
Canton, Ohio 44708

MAY 14 700¢

Te Rapert
Customer:  “UNNVERSITY CF NEBRASKA-LINCOLN BOL® 30963 DATE SHIPPED: 05/07/09
401 CANFIELD ADMN BLDG Customer PO, 4500204081/ 04062008
F 0 BOX 820433 Shipped to:  UNIVERSITY OF NEBRASKA-LINCOLN
LINCOLN, NE, 63558.0439 Bt TEST PANELS

GHP Ocder No 108271

HT # code C. Mn. P. S. Si. Tensile Yield Elong. Quantity Class Type Descripton
d61d 0.21 n&d 011 0003 003 a3452 67693 19.8 160 A 2 12GA 1ZF TEINGFT1 1/2IN'WE T2
[0 0]
w
Bolts comply wih ASTM A-507 3 and &% gal ad in with ASTM A-163, unfess otherwise staled.

Nues comply with ASTM A-583 specificafiors and ane galvanized In accordance wih ASTM A-153, unless ctharwise stabed.
Al cther galvanized material comams with ASTAE 123 & ASTIM-525

Al stpel used inthe manufacours is of Domestic Ongin, Tiade and Malted in the Unaed States”

Al Guardrail and Terminal Sectans meets AASHTO M-180, AT struchural stael maets AASHTO M-183 & M270

Depariment of Travapotation
i god terming| secticns mest ASTM AGRG, Type 4. STATE OF OHIO: COUNTY OF STARK
Sworn 1o and subscribed before me, 8 Notary Public. by
Andsaw Artar this 8th day of May, 2009,
% Andraw Arar [’
Vice President of Sales & Marketing
¢ Gregory Highway Products, Inc. N ublic, State of Chio
NRIALS
e, 84\(\.
§ =

1 CYNTHIA K. CRAWFORD
&5 :  Notary Public, State of Ohio
Po /My Commission Expires 03-16-2012

e
Figure A-6. MGS W-Beam 12-ft — 6-in. (3.8-m) Section, Test No. MGSS-1
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Trinity Highway Products, LLC

Certified \nalysis

) | 4

-

w

550 East Rabb Ave. Order Nutmber: 1164746
Lima, OH 45801 Customer PO: 2563 Asof 571612
Customer: MIDWEST MACH.& SUPPLY CO. BOL MNumber: 68500
B O.BOX 703 Document # 1
Shipped To: NE
MILFORD, ME 63405 Use State: KS
Project: RESALE
Qty Pared /ﬁ?stﬁpﬁun] Spec CL TY Heat Code/ Heat# Yicld TS Elg C Mn i d -1 B ©Cu Cb Cr Vo ACW
50 [} inﬁ_‘iis/ n-180 A 2 515691 4,000 72,300 270 0060 0740 0.009 0008 OO0 DOZT 004 0032 0.000 &
M-140 A ! 4111321 63,100 0,200 290 0210 0710 Q.O00% 0.007 0010 0030 0000 0030 0.000 4
M-180 A 2 515659 67,000 75,200 260 0084 0790 00120008 0008 0022 O0000025 Q000 4
M-180 A 2 515660 &6, 800 74,300 270 0084 0740 00120006 0009 0017 00000025 Q000 4
M-180 A & 515662 43,900 72,500 280 0054 OT70 COLDO.ODS 0009 Q018 00000025 Q000 4
M-180 A2 513663 £4,500 16,500 .0 Gubed 0740 0000 0007 0007 G023 00000026 0000 4
oo M-180 A 2 515668 66, 700 75,500 7.0 0063 0770 0.014 0.007 0010 0024 00000030 0000 4
B Id- L B0 A 2 515668 70,200 80,800 21.0 0063 0.970 0.014 0007 0.0010 0024 00000030 0000 4
BA-18D A 2 515665 &4,500 74,100 26.0 0063 0790 0014 0007 Q005 0017 00000028 0000 4
M-180 A vl 515687 33,400 14,100 30.0 0048 0750 00120010 0008 0025 €000 006D 0000 4
M-180 A2 515587 55,100 74,400 280 0.088 0750 0.012 0010 0.00E 0025 0.000 0060 0.0DD 4
M-180 A 2 515690 43,000 71,300 27.0 0059 0720 0.0100.008 0013 0024 0000 0042 000D 4
M-180 A 2 515654 62,000 T2,500 2.0 0058 0740 D03 OD0E 0011 0029 000D 0046 0000 4
M-180 A 2 515608 63,500 73,400 25.0 0058 0740 00130008 00101 Qo9 DODDOO46 0000 4
M-180 A z 515700 &7,800 77,700 2.0 0065 0500 00130009 0012 0036 000D 0035 0000 4
M-180 A 2 516068 62 500 71,600 270 0060 00 00130010 0002 0027 00000054 0000 4
M-120 A2 616068 66,700 74,200 300 0068 070 00130010 0012 007 00000064 0000 4
M-130 A 2 G1607E 64,000 74000 280 0061 0760 Q0160007 9011 0021 00000028 C.OD0 4
M-130 A 2 GLEaT2 §3,800 T4,200 0 0066 0750 0140009 0010 0036 0.000 0039 0000 4
M-180 A _2 aLEOTS 63900 73,300 270 0064 0760 D.0EE 0009 0012 0024 00000041 0.000 4
M-140 A 2 alenT3 63000 T4, 500 280 0064 0780 00160009 0012 0024 00000041 0000 4
30 BOG 12725/6°3/5 b-180 A 2 4111321 43,100 80200 200 0210 0710 C000% Q.007 000 0030 Q00 0030 G000 4
-180 A 3 5156506 63,600 73,600 270 0085 0720 0012 0006 0011 0.021 00000026 0.000 £
M-180 A 2 515658 G4, 500 74,300 260 0069 0740 00100006 Q011 00Z2 00000021 0000 4
M-180 A 2 515659 47,000 95,200 20 0064 0790 0012 0008 Q008 002: 00000025 Q000 4
M-180 A 2 515663 4,500 76,500 210 00484 (.740 0.00% 0007 0007 Q023 0UODD 0025 0000 4
1 of 4

Figure A-7. MGS W-Beam 6-ft — 3-in. (1.9-m) Section, Test No. MGSS-1
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GREGORY HIGHWAY PRODUCTS, INC. =
4100 13th St. P.O. Box 80508 e
Canton, Ohio 44708 L
>‘_E.
Test Report =
Customer: “UNIVERSITY OF NEBRASKA-LINCOLN BO.L # 39963 DATE SHIPPED: 05/07/09
401 CANFIELD ADMIN 8LDG Customer P.O. 4500204081/ 04/06/2009 ~
P O BOX 280439 Shipped to: UNIVERSITY OF NEBRASKA-LINCOLN
LINCOLN, NE. 6858580439 Project : TEST PANELS
GHP Order No 105271
HT # code c. Mn. P. S. Si. Tensile Yield Elong. Quantity Class  Type Description
4614 0.21 0.84 0.011 0.003 0.03 89432 67993 19.8 160 A 2 12GA 12FT6IN/3FT1 1/2IN WEB T2
——————————
[00)
(6]
Bolts comply with ASTM A-307 and are in it with ASTM A-153, unless otherwise stated
Nuts comply with ASTM A-563 lions and are 9. in with ASTM A-153, unless otherwise stated

All other galvanized material conforms with ASTM-123 & ASTM-525

All steel used in the manufacture is of Domestic Origin, "Made and Melted in the United States™

All Guardrail and Tarminal Sections meets AASHTO M-180, All structural steel meets AASHTO M-183 & M270
All Bolts and Nuts are of Domestic Origin

All material fabricated in acj
All controlled oxidize

Department of Transportation
terminal sections mest ASTM AGDB, Type 4.

By:,
4 Andrew Artar

Vice Prasident of Sales & Marketing

Gregory Highway Products, Inc. |

R
Figure A-8. MGS W-Beam End Section, Test No. MGSS-1

09

STATE OF OHIO: COUNTY OF STARK
Sworn to and subscribed before me, a Nolary Public, by
Andgew Artar this 8th day of May, 2009.

/

CYNTHIA K. CRAWFORD
Notary Public, State of Ohio
My Commission Expires 09-16-2012
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August 22, 2016

MwRSF Report No. TRP-03-320-16

P, 0. Box 630 = Sutton, NE 63879
Pona 402.773-4312
FAX 402-773-4513

Central Nebraska Wood Preservers, Inc.
Certification of Inspection

CWNP lavoice _95321;_ )
Shipped To M(-MW-’H',M
Custamer PO _‘27.5_.L__

Number of pieces rejected and reason for rejection:

Statement: The above reference material was treated and inspected in accordance with the above

referenced specifications.
slieliz

Kl% éé; General Manager Date

Date: </o)3 Y72

Specifications:  Highwav Censtruction Use

Preservative: _ CCA - C 0.60 pef

Bl |ubef3 | "0 Hg-¢5  Sus a0 | 8% Ko PO% |.L47pt

W |3 | 7 bk~ 3" sys | 7 | 5% (%o 0% |.4u7pf

433 |SPs | W hx&-14" i | 75 | 17% Yo 75 %418 pet |

33 |SA3 | " (g1 <45 | 48 | 17% Yo TS% |6 pet |

B |Ship | (bKe-17" et | 60 | 7% | o 75% |-érspt
I

Figure A-9. BCT Timber Posts, Test No. MGSS-1
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: - S
Lernned Analysis 3 e
o
£ Trinty Fighwey Products, LLC "
¥ 425 B.0'Connar Order Momber. 1108167
g Lima, OF Customer PO: 2332 Asof: 7R
Cosfomer: MIDWEST MACH.& SUPPLY CO. BOL Mamber: 48341
P 0. BOX 81097 Docment & 1
Shipped Tor NE
LINCOLN, NE 68501-1097 Use Stage: K8
Preject;  STOCK
§ O Parif Description Spee O TY Hent Codef Heat# Vield T3 B € Mz P ¥ S Cu O O Vo ADW
z M-IED A 2 CAS03Y 54,600 5 600 212 0210 OHF0 000000 G030 0.0 00009080 G010 4
g . 25 7360 SUTUBE SLAIBEXSREFLA A-S00 - Y8912 56,500 2,960 170 0210 070 0009 0006 G016 G010 GO0 D00 GOU 4
@ 3 424G 60 TUBE SLLISERANS A-500 TES012 56,500 72,950 3§70 0310 0770 0,000 0006 5016 000 000 0020 GODI ¢
= 26 4G HAKIARIPSOILPLATE A6 120039 46,560 3,630 269 G190 0520 0,012 0005 0020 GO0 000 D046 0090 4
g 1 923G BRONSTAD $8°W/0 MIB0A 2 B 2,500 82,010 265 LISO QI 0015 0004 0020 0,130 040 DO 0000 4
4 927G 18/END SHOR/EXT MASBE 2 ARMAIS 59970 75,641 294 0250 Q750 GO G405 COSG 0050 000 O3B 0O 4
o
0
&
é Uipen delivery, all materials subject o Trinity Highvay Products , LLC Storage Siain Policy No. LG-002.
E ALL STEEL USED WAS MELTED AND MANUFACTURED [N USA ANDCOMPLIES WTFH THE BUY AMERICA ACT.
2 ALL GUARDRAILL MEETS AASHTO M-180, ALL STRUCTURAL STEEL MEETS ASTM A36

ALL GALVANIZED MATERIAL CONFORMS

STRENGTH 48100 LB

St of Ohio, County of Aller. Swom and sybscribed
togre

Commission Bipires //

96/B4/2B8% 16:36

Figure A-10. Foundation Tubes, Test No.

WITH ASTM-123, UNLESS CTEERWISE STATED,

before me this 22nd day of May, 2030 Trinity

MGSS-1

AARSHTO M30, TYPE [ BREAKING

BOLTS COMPLY WITH ASTM A-307 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.
NUTS COMPLY WITH ASTM A-563 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS GTHERWISE STATED.

34" DIA CABLE 6X19 ZINC COATED SWAGED END AIS] £-1035 STEEL ANNEALED STUD 1 DA ASTh 4¢

4 of 7
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88

£25 E. O'Conttor # = -
- | 4

Lima, OF CE

| Cugtomer: MIDWEST MACH. & SUFPLY CO, Sales Order: 1093497 Print Daie: 6/30/08
| P. 0. BOX 81097 Customer PO: 2030 Project: RESALE
! BOL# 43073 Shipped To: NE

| Document # 1 Use Stute: KS

| LINCOLN, NE 68501-1097

Trinitv Highwav Products. LLC
| Certificate Of Compliance For Trinity Industries, Inc. ** SLOTTED RAIL TERMINAL **

| NCHRP Report 359 Compliant
!

Ploces

54 5/8"X10" GR BOLT A307

162 5/8"X18° GR BOLT A307

12 1" ROUND WASHER F844

64 1" HEX NUT A563 .
| 192 WD 60 POST 6X8 CRT - MNESDHR
1192 . WD BIX 6X8X14 DR )

1 64 NAIL 164 SRT

{eq WD 39 POST 5.5%7.5 BAND

12 STRUT & YOKE ASSY

128 SLOTGUARD'YE = Greand S -

2 3/BX3X4PLWASHER round  Serut

CHECH 5 X -

Jpon delivery, all materjals subsject to Trinity Highway Products , LLC Storage Stain Policy Fe. LG-002.

2-761-3288

$1LL STEEL USED WAS MELTED AND MANUFACTURED IN USA AND COMPLIES WITH THE BUY AMHERICA ACT
(L GUARDRAIL MEETS AASHTO M-189, ALL STRUCTURAL STEEL MEETS ASTM A36
(LL OTHER GALVANIZED MATERJAL CONFORMS WITH ASTM-123.
?ﬁuol.'rs COMPLY WITH ASTM A-307 SPECIFICATIONS AND ARE GALVANIZED [N ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.
BArTS COMPLY WITH ASTM A-563 SFECIFTICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.
4" DIA CABLE 6X19 ZINC COATED SWAGED END AIS] C-1035 STEEL ANNEALED STUD 1" DIA.  ASTM 449 AASHTO M3(, TYFE Il BREAKING

IRENGIH - 910018 . )
 inte of Oio, County of Aller.. Swom and Subscribed befors pfé thiF 3k dey of fune, 2008 .
W@ Trinity Highway Products, ELC

86/ 8d/

& ctary Public: Certified By:
memiaginn Bynirae 1 DA

Figure A-11. Strut and Yoke Assembly, Test No. MGSS-1

g

2of 4
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Certified Analysis g’",

68

o
Trinity Highway Products, LLC ‘ r
550 East Robb Ave, Order Number: . 1145215
Lima, OH 45801 Customer PO; 244] PP
, UR Asof 4/15/11
Customer: MIDWEST MACH.& SUPPLY CO. BOL Number: 61905
P.0.BOX 703 Document #: 1
Shipped To: NE
MILFORD, NE 68405 Use State: XS
Project: RESALE
Qty Part# Deseription Spee CL TY Heat Code/ Heat# Yicld TS Elg C Mn P S Si Cu Ch Cr Va ACW
10 206G 1126308 M50 A 7 1a0754 64,240 32590 264 0,190 0.740 0.015 0.006 0010 0.10 000 0.060 0000 =
M-180 A 2 139537 64,220 81,750 285 0150 0720 0.0140.003 0.020 0.130 £06000.080 Q002 4
M-180 A2 139588 63,850 $2,080 249 0200 0730 00120008 0020 0.140 00000030 £ 4
M-180 7 R 139589 55,670 74,810 227 0190 0.720 0.0120.003 0.020 0.130 00000060 C002 =
M-180 A 2 140733 39,000 78,200 25.1 0,190 0.74C 00150006 010 0.120 0.0000070 009 4
55 260G TINS5 M-180 A 2 139588 63,350 $2,080 249 0200 0.730 0.0i2 0,004 0020 0.140 0.00 0.050 0.002 <
M-180 A 2 139206 $1,730 78,58C 260 0.180 0.710 0.0120.004 0020 ©.140 0.000 0059 0.001 «
M-180 A 2 139587 64,220 §1,750 28.5 0.190 0720 0.0140.005 0.02¢ 0.130 0.080 0060 0002 4
M-180 A 2 140733 59.000 78,200 23,0 0,190 0740 0.0150.006 0.010 0120 0.0000.070 0001 3
M-180 A 2 140734 64240 82,640 26.4 0.190 0740 0.0150006 0010 0110 0.0600.030 2000 4
260G 3 M-180 A 2 140724 64,240 §2,640 264 0.190 0.740 0.015 0.006 0.0:10 £.1i1¢ 000 0.060 CCOD <
M-150 R 2 139587 64,220 81,750 28.5 0.190 0.720 0.0140.003 0.020 G.13C 0.000 3.060 0.002 4
M-180 A 2 139588 63,850 $2,080 249 0200 0.730 0.0{20.004 0020 C.140 0.000 C.050 0002 ¢
M-180 & 2 139589 55,670 74,810 217 0190 0720 0.0120.003 0.020 0.130 0.000 0,060 0.002 ¢
— M-180 A 2 140733 59,060 78,200 23.1 0.190 0.740 0.0150.006 0010 0.i20 00000070 000! 4
__BX1T5XI6CABANG ©  A-36 V911470 51,460 71280 27.5 0.120 0.800 0.015 0.030 0.i% 0300 000 0.090 0.023 4
1A A-36 N3540A 46,200 55,000 3510 9.120 0380 0.010 0019 0010 0.180 020 0.070 0.00: 4
26 729G TS 8X6X3/16X8-0"SLEEVE  A-300 N4747 63,548 85,106 27.0 0.150 0,610 0.013 000t 0.04C G160 0.00 0.160 9004 4
24 743G TSSX6XI/16XE-0"SLEEVE  A-300 N4T47 63,548 85,106 27.0 0.150 0.610 0.0!3 0.001 0030 0,160 0.00 0.160 0.004 ¢
220 718G MWWML o A3 18486 49,000 78,000 25.1 0210 0.860 0.021 0035 G25¢ 0260 000 0.170 0014 4
25 974G TIMTRANS RAIL/G37ILS  M-180 A 2 1407385 61,390 30,240 27.1 0200 0.740 0.014 0005 0010 0,120 0.00 0.07C 0601 ¢

1of 2

Figure A-12. Anchor Bracket Assembly, Test No. MGSS-1
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Certified Analysis Y 3

52/52

Trinty Highway Produets, LLC ‘ r
& 2548 N8, 28th St Order Number: 1095199
2 .
Fe Worth, TX Customer PO 2041 - Asof G208
Customer: MIDWEST MACH.& SUPPLY CO. BOL Nusmber: 24481 :
P. 0.BOX 81097 Dogursent & 1
Shipped To: NB
LINCOLN, NE 68501-1097 : ke State: K5 i

Project:  RESALE

;
£ iy Pagt# ﬂmm ) Spec CL TV Hiest Codel Hast# Waehd T8
g E4 Cembriey WIHA i) I E1,300
E = Fo A 2SKI.25K16 CAB ANC A6 4153093 44,900 BB 340 02340 0730 DOLE 0063 0.070 0020 A000 04040 Q002 4
S iy TEIG 60 TUBE 312188286 A0 ABPRIE0 T4000 #1000 252 00350 0670 0013 @005 0030 A22) J.000 0060 Q21 A
8 === 3 ma S@W“MW A3 SI0EL0E 46,7100 60,500 235 0590 0830 00E0 0005 0020 02036 00 007 0006 4
_ e 20TG 1MRUFFERROLLED M-180 A . LO049 54,200 500 250 0160 700 0011 0.008 QO30 QP00 Q.00 0100 0000 4

Upna delivery, all muterials aubjest 1o Trinity Highway Products , LLC Storags Stain Poliey No, LG-H2.

ALL STEEL USEN % AS MELTED AND MAMNUFACTURRED [N USA AND COMPLIES WITH THE BUY AMERICA ADY.

ALL GUARDRATL MEETS AASHTO M-180, ATL STRUCYURAL STEEL MEETS ASTM A36

ALL OTHER GALVANIZED MATERIAL CONFORBAS WITH ASTRA-123. '
BOLTE COMPLY WITH ASTM A-307 SPECTFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASThM A-153, UHLM OTHERWISE STATED.
WUTS COMPLY WITH ASTM 4-563 SPECIFICATIONS AWND ARE GALVANIZED IN ACCORDANCE WITH ASTM 4-153, UNLESS OTHER WISH STATED.

34" DIA CABLE 6Xi9 ZINC COATED SWAGED BND AISI C-1035 STEEL ANNRALED BYUD {" DIA ASTM 449 AASHTO M30, TYPE 1l BREAKING
STRERGTH-4%100 L8

Sewie of Texas, County of Tarrant. Swerm eod subscribed before me this 20th day of June, 2008

4892-T61-3288

A6/ 64/2089 16136

Trinity Highway Products , LLC

Cetiid By Cokinia Ol s

Figure A- 13. Anchor Bearing Plate, Test No. MGSS-1
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August 22, 2016
MwRSF Report No. TRP-03-320-16

BOE -‘-"-TL-‘-\HTIC STREET, -'JDF!TH HANBAE CITY, MO 84178 1-B15-%

STEEL WENTURNS KL T
=1 23 g .1'.'-, Lit dom XXL

[ T !
| Euntomer: | e 1 Semis - g
1 ! i i
!sPs Mase Canury . 03,578 I A5TR: AROODY, ARIEOT D2 EA00E i
407 Maw Cenmey Parlwsy I d o T
;G rl=ad H Comupner Cioder Mo |
| Camry s 65031 P | S L
j 54 | ARG, ARIEMT | SBI104158 i
H i S ——
i | u 1
| ! ! L
] | Ar1G2883
L. | SV — — e —————
i
Haat bz Yiald Taneds Eangetion
i ER=-NE P.EI B 2 insh
i 2HO538 £1,500 2E,4030 e M ¥
Hast K C Bl F i Sk ou ] CH Wi o
. 280838 040 0,230 SN + K11 D.0RE L.0ge 0.038 0043 2018 G.003
t
H
|
1
i
W'y hergby certify hat the abors miaried was manuinotoad n the US4 and that &l tast sesulis showne in Uiz moport e oo az
contsinad in the racoids of o compeany, Al tamdag end manciactudnm s i socordeace 0 ASUTOM. paramelsee ancomsEdgs:
scops of the spesificetions danowad o the aseciination and grade tilss abowa.
BMT={ieca 3 not teatad - maets tencile prapemise DMLY,
1 BTEEL WEMTURES, LLC dbs EXLTUBE
| .
! -
! "':)_,_-.v.—o— s "6? T
i i M"? gt i
3 Save Fravicha b
| Qualny Arsorance Menager 3
i e
I
oy
[rast]

Figure A-14. BCT Post Sleeve, Test No. MGSS-1
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August 22, 2016
MwRSF Report No. TRP-03-320-16

FASTENERS & FITTINGS INC. ISO 9001
901 STEELES AVENUE EAST ; REGISTERED COMPANY
MILTON, ONTARIO LOT 5H3 :

PHONE: (905) 670-2503 FAX: (905) 670-2506, TOLL FREE' 1-800-613-4094

CERTIFICATE OF CONFORMANCE

CUSTOMER : ROLL FORM GROUP OUR PACKING SLIP NO: : 66192
CUSTOMER PO NO : 18329 OUR INVOICE NO: -
ITEM : GUARDRAIL BOLT SUPPLIER INVOICE NO : HSW07046
SIZE : 5/8"-11x14" HD.G BULK LOT NO /PO No. : 1017
HEAT NO : 66800679 DATE : 12-Jun-07
No Test Item Specs / Standards / Criteria Result
1 |Appearance Per ASTM F 812-95 OK
2 |Thread Go & No Go and P.D & M.D OK
3 |Mark SOTA "
4 _|Coating TNICKNESS __|CSA-CSAG-164-M Ciass 5(Min 65um or 2,54 mils)Avg. 70.8
5 |[Mass of Coating CSA-CSAG-164-M Class 5{Min 480g/m2 or 1,5 02/R2}Avg. 505.3
Head Diameter(31.80-34.85) 32.36-33.51
Head Height(7.20-10.26) 8.62-9.39
¢ |Dimanstons Shoulder Width O(22.25-23.77) 22.68-23.21
Shoulder Width V(15.08-16.66) 15.76-16.33
Shoulder Depth P(4.78-6.29) 5,61-6,01
Length(351.03-359.15) 353.77-355.20
7__|Tensile Strength Min 60,000 PSI 61,500-64,000 PSI
8 [Material Per ASTM (A307) OK

Material Chemical Composition

Cc Si Mn P S
% Yo % % %
0.12 | 0.18 | 0.46 | 0.028 | 0.02
Hot Dip Galvanizing Inspection Certificate: {Test Standard CSAG-184-M class 5)
Test of No. Weight of coating test Gim’ over
1 70 73 70 69 72 72 71.0 | 506.9
2 72 63 72 72 68 72 707 | 504.6
3 59 72 70 68 72 72 70.5 | 5034
4 7 70 71 72 69 71 70.7 | 504.6
5 72 70 72 72 71 69 71.0 | 5069
Average of The Average 70.8 | 5053
Muhammad Ashraf
905-670-2503 ext 328
16 Aug 2011

2-0063-11X1400°SGUG (HSW07046) WO# 11165 PPS# 66192 CustPO# 18329 Augl6-2011

Figure A-15. % in. Dia. UNC, 14 in. Long Guardrail Bolt, Test No. MGSS-1
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iy 35406

INSPECTION CERTIFICATE

ROCKFORD BOLT & STEEL CO.
126 MILL STREET
ROCKFORD, IL 61101 y
815-988-0514 FAX# 816-968-3111

"CUSTOMER NAME: TRINITY INDUSTRIES

CUSTOMER P.O, : 143227 ;
INVOICE #: 846256 DATE SHIPPED: &20/11 '
LOT #: 22101 i
]
SPECIFICATION: ASTM A307, GRADE A MILD CARBON STEEL BOLTS '
]
TENSILE RESULTS: SPECIFICATION ACTUAL ;
80,000 min. 81,460 70,842 7886
81,383 70,341 76,623
HARDMESS RESULTS:  SPECIFICATION 8063 8390 B4C0

100 MAX 8633 7790 B5.00

COATING: ASTMSPECIFICATION F2329 HOT DIF GALVANIZE

STEELSUPPLIER:  NUCOR, CHARTER, NUCOR

HEAT NO. NF11101335, 10132120, NF11101336
QUANTITY AND DESCRIPTION:

18800 PGS §6"X 14" GUARD RAIL BOLT
PiN 3840G

WEMERERY CERTIFY THE ABOVS BOLTS HAVE BEEN MANLEACTURED BY ROCKFORD BOLT AND STEEL. THE MATERIAL USED WAS WELTED ‘
AND MANUFACTURED IN THE USA.. WE FURTHER CERTIFY THAT THIS DATA IS A TRUE REPRESENTATION OF NFORMATION PROVICED

BY THE MATERIALS SUPPLER, AND THAT OUR PROCEDURES FOR THE CONTROL OF PRODUCT QUALITY ASSURT THAT ALL ITEMS
FURNISHED ON THIS ORDER MEET CR EXCEED ALL AFPUCABLE TESTS, FROCESS, AND MSPECTICN REQUIREMENTS PER AJOVE
SPECTICATION.

ETATE CF ILLINOIS
COUNTY OF WINNEBAGO

SIGNED ae;tzs;;s oN 1/ WU bl2s / ‘!
Z % AFEROVED SIGNATORY OATE

DIANA RASMUSSEN |
NCTARY PUSKIC - STATE OF ILLINOIS l
M COMMISSION EXPIRESALNSAE

: ¥
Figure A-16. % in. Dia. UNC, 14 in. Long Guardrail Bolt, Test No. MGSS-1
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TRINITY HIGHWAY PRODUCTS, LLC ‘&
425 East O'Connor Ave.
Lima, Ohio 45801 w

419-227-1296
MATERIAL CERTIFICATION
Customer: Stock Date: June 27, 2012
Invoice Number:
Lot Number: 1206228

Part Number: 3360G - Quantity: 121,082
Description: 5/8"x 1 1/4" GR Heat Number(s): 20206310
BOLT _|

Specification: ASTM A307-A/ A183 / F2329

MATERIAL CHEMISTRY
Heat C MN P S sl Nl CR MO CU SN Vv AL N B TI__NB
20206310] .09 | 36 | 007 {.002| 08 | 03 | 06 | .01 | .08 | .006 | 001 [ .028 | 007 |.0003| .001 [ 001
i

| b

PLATING OR PROTECTIVE COATING
HOT DIP GALVANIZED (Lot Ave.Thickness / Mils) 2.58 (20 Mis Minimum)

—

#&*ATHIS PRODUCT WAS MANUFACTURED IN THE UNITED STATES OF AMERICA**##

THE MATERIAL USED IN THIS PRODUCT WAS MELTED AND MANUFACTURED IN THE U.S.4/

WE HEREBY CERTIFY THAT TO THE BEST OF OUR KNOWLEDGE A
CORRECT.

INITY menwyﬁnonucrs LLC

STATE OF OHIO, COUNTY OF ALLEN
SWORN AND SUBSCRIBED BEFORE ME THIS 27th DAY OF JUNE, 2012

Q 2t NOTARY PUBLIC

- o

425 E. O'CONNOR AVENUE LIMA, OHIO 45801 419-227-1296

Figure A-17. % in. Dia. UNC, 1% in. Guardrail Bolt, Test No. MGSS-1
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ks

TRINITY HIGHWAY PRODUCTS, LLC &
425 Fast O'Connor Ave.
Lima, Ohio 45801 Q ?
419-227-1296
MATERIAL CERTIFICATION
Customer: Stock Date: JULY 7,2012
Invoice Number:
Lot Number: 120629N2
Part Number: 3340G Quantity: 108,000
Description: _5/8" GUARD Heat Number(s):| 20207480
RAIL NUT +,031 20207430
Specification: ASTM 563-A / A153 / F2329 as described
MATERIAL CHEMISTRY

Heat c MN P S S| Nl CR MO CU SN \ AL N B TI__NEB
'20207480 J0 | 34 | 007 | 002| .04 | 04 | O7 | 01 | .08 | .004 | .002 | 027 | .008 |.0002| .001 | 001 '
20207490; .09 | 35 | 006 | 002 | 07 | 03| 07 | .01 [ 08 | .005| .002 | 029 | 007 |.0002| .001 | .001

1

ol [ i

PLATING AND/OR PROTECTIVE COATING
HOT DIP GALVANIZED (Lot Ave.Thickness / Mils) 2.48 (2.0 Mils Miniemum)

**&ATHIS PRODUCT WAS MANUFACTURED IN THE UNITED STATES OF AMERICA**#+*
THE MATERTAL USED IN THIS PRODUCT WAS MELTED AND MANUFACTURED IN THE U.S.A

L INFORMATION CONTAINED

TRINITY me)«? PRODUCTS LLC
STATE OF OHIO, COUNTY OF ALLEN

SWORN AND SUBSCRIBED BEFORE ME THIS 7th DAY OF JULY, 2012

&M—Q@‘Q‘\jj 6)20-4-*/\ NOTARY PUBLIC

425 E, O'CONNOR AVENUE LIMA, OHIO 45801 419-227-1296

WE HEREBY CERTIFY THAT TO THE BEST OF OUR KNOWL
HEREIN IS CORRE:

Figure A-18. % in. Dia. UNC, Guardrail Nut, Test No. MGSS-1
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5/8x10" post bolt

R#14-0207 Green Paint )
3500(;
TRINITY HIGHWAY PRODUCTS, LLC
425 East O'Connor Ave, A
Lim, Ok 4530 N4
419-227-1296
MATERIAL CERTIFICATION i
Customer: Stoci Date; _ August 16, 2013
Invoice Number:
Lot Number: 130809L
Part Number: 3500G Quantity: 16,233 Pcs.
Heat 10240100 10,820 | [ T L R
I' —PASSEO & Coiiaricy

Description: 5/8"x 10" G.R.
Bolt Numbers: 10231660 5413 '

4 20 ;

Specification: ASTM A307-A / A153 / F2329
Trinity Highway Products LLC |

MATERIAL CHEMISTRY Daliss, Texss  Fant 99 |
Heat C MN P S SI NI CR MO ©U SN V AL N B TI_NB
10240100 .09 | 48 | 01 | 007 | 08 [ 04 | 09 | .02 | .08 | .008 | .002 | .023 | .005 |.0001| .cO1 | .001
10231660] 09 | 49 [ o008 | .011 | 09 | 05 | 08 | 02 | .09 | 008 [ .002 | 023 .007 | 0001| 001 | .001

[—h ]
PLATING OR PROTECTIVE COATING
HOT DIP GALVANIZED (Lot Ave.Thicknesa / Mlis) 2.51 {2.0 s Minimum)

#424THIS PRODUCT WAS MANUFACTURED IN THE UNITED STATES OF AMERICA*###

TUE MATERIAL USED IN THIS PRODUCT WAS MELTED AND MANUFACTUR

WE HEREBY CERTIFY THAT TO THE BEST OF OUR KNOWLEDGE ALL1
CORRECT.

STATE OF OHIO, COUNTY OF ALLEN
SWORN AND SUBSCRIBED BEFORE NE THIS -

Qﬁ!hgu E)t!m AA NOTARY PUBLIC

425 E. O'CONNOR AVENUE LIMA, OHIO 45801

I "\' OU f"’

AL

Figure A-19. % in. Dia. UNC, 10 in. Long Guardrail Bolt, Test No. MGSS-1
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Certificate of Compliance

Birmingham Fastener Manufacturing 5
PO Box 10323
Birmingham, AL 35202
(205) 535-3512
|
Customer MIDWEST MACHINERY Date Shipped 037212011 !
Customer Order Number 2430 BFM Order Number 100325-00 |
}
Item Description
Description 5811 x 10" HEX BOLT aty 100
Lot# 154572 Specification ASTM A30707Tb GrA  Finish F2329 }
Raw Material Analysis
Hoat# 780337
Chemical Composition (wi% Heat Analysis) By Material Supplier
c Mn B s si Cu Ni Cr Mo
0.16 0.54 0.009 0.04 0.18 0.38 0.08 0.13 0.020
Mechanical Properties
Sample ¥ Hardness Tensile Strength (kbs) Tensile Strength (pai)
1 80 HRB 16,700 73,800
2 80 HRB 16,600 73,400
3
4
5

This Information regrasants the most fecant analysis of the product supplied on the stated
customer order. The samplas lested conform to the ASTM standard lissed above.
Al steel meltad and manufactured s the US A

Authorized
Signature: Date: 32172011
Brian Hugl
Quality Assurance

Figure A-20. % in. Dia. UNC, 10 in. Long Hex Head Bolt, Test No. MGSS-1
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CERTIFICATE OF CONFORMANCE

DESCRIPTION OF MATERIAL AND SPECIFICATIONS:

+ PURCHASE ORDER NUMBER: 44773 000 OD + INVOICE NO. GBT11638102
« QUANTITY (Pes.) 37,600 SETS LOT NO. JW1101045
+ THE DATE OF MANUFACTURE March to April 2011 HEAT NO. C10070002
« TENSILE STRENGTH.: 13,800LBF HARDNESS.  HRB77-74
. ITEM DESCRIPTION: 8/8-41x4,1/4" GUARDRAIL BOLT CLIP HD W/NUT HDG
« ITEM NUMBER: 20-2100K

+ TYPE OF STEEL QZIBAIC1010 or C1008) ] :

« BOLT SPECIFICATION: ASTM A307

» NUTS BPECIFICATION: ASTM ABE3 GRADE A

+ COATING |  asmamciassc - |

+ APPEARANCE r ASTH FB12-98 ]

THE DATA [N THIS REPORT |8 A TURE REPRESENTATION OF INFORMATION PROVIDED BY THE MATERIAL
SUPPLIER CERTIFYING THAT THE PRODUCT MEETS THE MECHANICAL AND MATERIAL REQUIRMENTS OF
THE LISTED SPECIFICATION, THIS CERTIFICATE APPLIES TO THE PRODUCT S8HOWN ON THI8 DOCUMENT,

THIS DOCUMENT MAY ONLY BE REPRODUCED UNALTERED AND ONLY FOR CERTIFYING THE SAME OR
LESSER QUANTITY OF THE PRODUCT SPECIFIED HEREIN, REPRODUCTION OR ALTERATION OF THIS
DOCUMENT FOR ANY OTHER PURPOSE I8 PROHIBITED,

Print Dato:2011-3-12

Figure A-21. % in. Dia. UNC, 1% in. Long Hex Head Bolt, Test No. MGSS-1
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CERTIFIED MATERIAL TEST REPORT
FOR _ASTM A307, GRADE A - MACHINE BOLTS

FACTORY:LIANYUNGANGSHI PINGXIN FASTEMER C0LLTD DATE:  SMow7
ADDRESS:No.3 iingsan Road, Biotechmology Park,Haizhou Bay,Haitou Town,Ganyu County, Lianyungang CHIMA
MFG LOT NUMBER: M-NEPXO339-1]

CUSTOMER:

POMNUMBER:1T07 1802
SAMPE SIZE: ACC. TO ASME BI18, 18, 2M - 93 PART MCGER6-3404-45]
SIZE: TWE-9%8 7P [NTY: 1440 PCS
HEADMARKS: 3074 PLUS PX MANLLIDATE:

STEEL PROPERTIES: (235 25mm
STEEL GRADE: HEAT WUMEBEE:  [-3230n

CHEMISTRY SFEC: C %100 |Mn%*100F S%* 1000 |5 %*1000
0.20max (120 max [0.0dmax  |0.05max

TEST: 0.15 045 0024 0053

DIMENSIONAL INSPECTIONS SPECIFICATION: ASME B1E.2.1 - 2010
CHARACTERISTICS SPECIFIED ACTUAL RESULT  ACC, REI
LRI L R S b bt ot o I P et BT PR INTTE R PR Sy EEddRde R E
VISUAL ASTM FTRA/FTEEM-08 PASSED W0 0
THREAT ASME B13 FASSED 32 0
WIDTH FLATS 1.268-1.312 1.279-1,302 ] 0
WIDTH AXC 1.447-1.516 1.457-1.506 S ]
HEAD HEIGHT 0.531-0ua04 .541-0.584 4 0
BODY DIA. {.B660-0.8750 CB6TI-08T4] 5 0
THREAD LEMNGTH 225 2.28-2.38 3 0
LEMNGTH 7.80-8.16 THI-E 3 i
MECHANICAL PROFERTIES: SPECIFICATION: ASTM A307-2010 GR-A
CHARACTERISTICS TEST METHOD SPECIFIED ACTUAL RESULT  ACC, EEl.
aEddbddbbBbkbaEbtiitE Ehkdkidxilidliadds ShdEsdNdRER AR AR R B e e L T T = = 1)
CORE HARDNESS :  ASTM F606-2010a 65-100 HRB 92-95 HRB 8 0
WEDIE TEMSILE: ASTM BolG-2000s Min 60 KSI __E3-85 K81 4 0
CHARACTERISTICS TEST METHOD SPECIFIED ACTUAL RESULT ACC. RE]
FEEREARTA RAHSRAGRERE AR dn R EEEEEREE R R R EEE KRR SRR SRRk khRkd e
COATINGS OF ZINC ASTM F1941 Mind gm Jpm i 1]

ALL TESTE IN ACCORDANCE WITH THE METHODS PRESCRIBED IN THE APPLICAELE
ASTM  SPECIFICATION. WE CERTIFY THAT THIS DATA I8 A TRUE REPRESENTATION OF
INFORMATION PROVIDED BY THE MATERIAL SUPPLIER AND OUR TESTING LABORATORY.

(SIGNATURE OF Q.A. LAB MGR. )
(NAME OF MANUFACTURER)

Figure A-22. 7 in. Dia. UNC, 8 in. Long Hex Head Bolt, Test No. MGSS-1
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R TR

7302 65941
PFC LOT NO (K) 10011913

AL

MFG Lot No.: INYD30101
BOX SEALED TO SECURE INTEGRITY
7/8 -9

FINISHED HEX NUTS COARSE

—

KAVLEK CHINA
Figure A-23. 7 in. Dia. UNC, Hex Head Nut, Test No. MGSS-1
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S CERTIFIED MATERIAL TEST REPORT )

FOR USS FLAT WASHER
5 DATE __ 2011-4-15
: CED

e ey : _INVOICENO. GBT11538101

. g PONUMBER 44773 000 OD

: CIT 558)
SAMPLING PLAN PER ASTM B 18.22.1 MFG LOT NUMBER: JWI1101045
CRIFASTM B 18221 JIEHRR ) CO) e 15D
PARTNAME: USS FLAT WASHERS
[€°F:3)
SIZE: 5/8" HDG QNTY: __ 1000 PCS  PART NO: el v ST
(63} CBR) (6-8-0]
MARKSIMFG ID: / :
[€3:1731))
STEEL PROPERTIES: ]
STL GRADE:. Q235 STEEL SIZE:  dmm‘x0mmx9000 HEAT NO: 09420734
GRAMRI)D CERFIED s
CHEMISTRY COMPOSITION
ELEMENT (B48) | C% |[Ma% | P% | 8% | Si% |Cr% |[Ni%] - -
SPC: (WMD) Min, | Max | Max | Max Max
i " 1014 | 065 |0.065 | 0.050 | 0.30
RESULT: (4§ 5) 015 | 047 | 0.021 | 0.016 0.17 2 2

MECHANICAL PROPERTIES: CHLARIENR)

o . HARDNESS TEST AFTER HEAT ‘TEMPERING
SURFACEHARDNESS  PROOF LOAD iy i v AT sirc TEMPERATURE
(MRC) (LBF) (R T
SPEC ! / o ! /
HIGH
LOW
¢ AVG
~—ACiD MACRO STRUCTURE __ MACRO ETCH
SCATTERED POROSITY | CENTRE UNSOUNDNESS PATTERN TESTING
0.5 | 0.5 0.5 | 0.5 0.5 PASSED
DIMENSION AS PER ANSI B18.2.2 Inside Diameter Qutside Diametor
(A4K48 ANSI 818.2.2) Thickness(mm) (AF) mm CSh2) mm
SPEC:
1273 ) 4,06-2.74 18.24-17.3 45.21-42.67
RESULT:
CRWR LN 3.25-3.07 17.94-17.31 44.96-44.65
ALLTESTS INACCORDANCE WITIHUTHE METHODS PRESCRIBED IN THEAPPLICARLE SIFICATION,

WE CERTIEY TUAT THES DATA 18 A TRUE PRESENTATION OF INFORMATION PROY|
SUPPLIER AND OUR 1ESTING LABORATORY. 3!
(04 RIS AT R MRA sk BB 2y SRR AT unmmmumuﬁ
MFG 1809001 CERTIFICATE NO: 1HDOSOLID1IROS g g\
CH)™ 1809001 i -5l 1) =

(SIGNATURE OF Q

b

Figure A-24. % in. Dia. Plain Round Washer, Test No. MGSS-1

101



August 22, 2016
MwRSF Report No. TRP-03-320-16

(1) 1JY88

Pk- 10

HE8280072 PCS.PZS.10 e 26
Made in'Hecho en China e

LOT#HO 1788740

Flat Washers SAE
" Hmmm ' w ulm Arandelas Planas SAE
S 4

7/8
a Q2280231 14 "zz_i

Figure A-25. 7 in. Dia. Plain Round Washer, Test No. MGSS-1
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Appendix B. Vehicle Center of Gravity Determination, Test No. MGSS-1
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Test: MGSS-1 Vehicle: Ram1500
Vehicle CG Determination
Weight VertCG  VertM
VEHICLE Equipment (Ib) (in.) (Ib-in.)
+ Unbalasted Truck (Curb) 5024 28.2029| 141691.4
+ Brake receivers/wires 6 51 306
+ Brake Frame 13 24 312
+ Brake Cylinder (Nitrogen) 22 26 o O72
+ Strobe/Brake Battery 6 30 180
+ Hub 27 15 405
+ CG Plate (Data Units) 8 30 240
- Battery -41 38 -1558
- Oil -9 18 -162
- Interior -75 25 -1875
- Fuel -130 17 -2210
- Coolant -17 33 -561
- Washer fluid -6 41 -246
BALLAST Water 170 17 2890
Misc. 0
Misc. 0
139984.4
Estimated Total Weight (Ib) 4998
Vertical CG Location (in.)| 28.00808
wheel base (in.) 140.5
MASH Targets Targets Test Inertial Difference
Test Inertial Weight (Ib) 5000 + 110 4992 -8.0
Long CG (in.) 63 +4 64.48 1.48027
Lat CG (in.) NA 0.094827 NA
Vert CG (in.)z 28 28.01 0.00808

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)

Front
Rear

FRONT
REAR

TOTAL

Left Right
1438| 1321
1102| 1163
2759 Ib
2265 Ib
5024 Ib

Figure B-1. Vehicle Mass Distribution, Test No. MGSS-1

104

TEST INERTIAL WEIGHT (Ib)
(from scales)

Left Right
Front 1379)| 1322
Rear 1110] 1181
FRONT 2701 b
REAR 2291 Ib
TOTAL 4992 Ib
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Appendix C. Static Soil Tests, Test No. MGSS-1
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Dynamic Set up Post-Test Photo of Post

|

32"

36" Diomater . =
Gronular Fil

bt

2

Static Test
Installatiom Details T

Soil Gradation for Baseline Fill Soil

Percent Finer
FEltil

= =]

t

I

|

e

[

[

100 10 1 01 0.01
Grain Size, D {mm}

Comparison of Load vs. Deflection

16000

14000 Dynamic Test [Acc)

12000 /H
10000 ——— ——— Dynamic Test [L.C.)

= ~

P N . T T T T = == Dynamic Test

# o - requirad BMin.

4000 H..- Static Test
2000 e |

Force (b}
o
B
=]
'-"--._‘J

5 10 15 20 25 30
Deflection (in.)

L . 282011

Test Facility & Site Location....c e Midwest Roadside Safety Facility

In situ soil description (ASTM D2487)cuweinann Well Graded Gravel (GW)

Fill material description [ASTM D2487)......... Well Graded Gravel (GW) (see sieve analyses above)
Description of fill placement procedure........ 8-in. Lifts, High Compaction, Pnuematic Tamper
Bogie Weight....cverves s sonsmsasnsnsssnsvananns 1,727 b

Impact VeloCity. . e sva s sssns srsanssa s snssanne 15.81 mph

Figure C-1. Soil Strength, Initial Calibration Tests, Test No. MGSS-1
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Static Load Test Setup Post-Test Photo of Post
i B ta ey :

_— Comparison of Load vs. Deflection
~ Baseline Static
\\ Test
o Minimum Load
& \\ (90% Baseline)
8 \ ——— MGSS-1_s2 - Load
k: \ cellz
\}-\ e MG55-1_s2 - Load
cell 2
0 5 10 15 20 25 30 35 40
Deflection (in.)
SOIL GRADATION
100

90 |- % ! S

80 1
i 70 l
T 60 |

50 {1

40 | } | il

30 ‘

20 |

10 | M

2 I \ = e
100 10 1 0.1 0.01
Grain Size, D (mm)
I - -#-~ Baseline Soil —%— MGSS-1_s2 Soil ]

Date....iecresnnnisnssesasanssssnssssasssnnssessnasanseseesss 8/ 1312014

Test Facility & Site Location....... e s ene e Midwest Roadside Safety Facility

In situ soil description (ASTM D2487).......c0uu. 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 C-2. Static Soil Test S2, Test No. MGSS-1
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Appendix D. Vehicle Deformation Records, Test No. MGSS-1
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TEST: MGSS-1
VEHICLE: Ram1500

VEHICLE PRE/POST CRUSH

FLOORPAN - SET 1

Note: If impact is on driver side need to

enter negative number for Y

X Y Z X ¥ Z ax AY AZ
POINT (in) (in.) (in) (in.) (in) (in.) (in.) (in.) (in) |

1 27172 | -28 21/4_| 2712 | 2812 | -21/2 0 12 -1/4
2 30 3/4 -22 3/4 -13/4 30 3/4 -23 -13/4 0 -1/4 0
3 3112 -18 -13/4 311/4 -17.1/2 -13/4 -1/4 1/2 0
4 28 3/4 -14 -13/4 28 3/4 -14 -11/2 0 0 1/4
5 253/4 -7 3/4 11/2 26 -8 11/2 1/4 -1/4 0
6 253/4 | 2925 | -5 253/4_ | 29 5 0 1/4 0
7 26 1/4 -23 3/4 -4 1/2 26 -23 -41/2 -1/4 3/4 0
8 26 1612 | -4 261/4 | 153/4 | -4 1/4 3/4 0
9 26 112 | _-33/4 | 26 103/4 | -4 0 3/4 -1/4
10 2112 -9 -1/2 2112 -8 1/4 -1/2 0 3/4 0
11 213/4 | -293/4 | 71/2 | 2112 | -29 7112 -1/4 3/4 0
12 2112 -231/2 -7 1/4 213/4 -231/4 -7 1/4 1/4 1/4
13 22 -17 -61/2 22 -16 1/4 -6 1/2 0 3/4 0
14 22 -11 -6 1/2 213/4 -11 -6 1/4 -1/4 0 1/4
15 19 3/4 -8 1/4 -13/4 19 3/4 -8 1/4 -1.3/4 0 0 0
16 181/4 | 283/4 | -81/4 | 181/4 | -283/4 | -8 0 0 1/4
17 18 1/4 -24 -71/4 18 1/4 -23 1/4 -7 3/4 0 3/4 -1/2
18 18 1/4 -17 -7.1/2 18 1/2 -16 1/4 -7.1/2 1/4 3/4 0
19 181/2_| 123/4 | -71/4 | 1812 | 12 7 1/4 0 3/4 0
20 16 1/4 -9 -2 1/4 16 1/4 -8 1/4 -21/4 0 3/4 0
21 131/2 -28 -8 13172 -27 3/4 -8 0 1/4 0
22 131/2 | -231/4 | -73/4 | 13172 | 2314 | -73/4 0 0 0
23 13 3/4 -161/2 -71/2 131/2 -161/2 -71/4 -1/4 0 1/4
24 12 1/4 -9 -31/4 12 1/4 -81/2 -31/4 0 1/2 0
25 3/4 271/4_| -33/4 3/4 271/4_| -33/4 0 0 0
26 3/4 -211/2 -31/2 3/4 -21.1/2 -31/2 0 0 0
27 3/4 -16 -31/4 3/4 -16 -31/4 0 0 0
28 11/4 -8 -1/2 11/2 -8 -1/4 1/4 0 1/4
29 0 0 0
30 0 0 0
31 0 0 0

\\ DASHBOARD //

DDDRX

/DDDR

Figure D-1. Floorpan Deformation Data — Set 1, Test No. MGSS-1
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TEST: MGSS-1
VEHICLE: Ram1500

VEHICLE PRE/POST CRUSH
FLOORPAN - SET 2

Note: If impact is on driver side need to

enter negative number for Y

X W z X W iz AxX AY AZ
POINT (in.) (in.) (in.) (in.) (in.) (in.) (in) (in.) (in.)
1 43 1/2 -32 3/4 -2 43 3/4 -33 -13/4 1/4 -1/4 1/4
2 47 -28 -11/2 46 3/4 -27 3/4 -11/4 -1/4 1/4 1/4
3 47 1/2 -22 172 -13/4 47 1/2 -23 -11/4 0 -1/2 1/2
4 45 -19 3/4 -2 45 -191/4 -11/2 0 1/2 1/2
5 42 1/4 -131/2 1 42 1/4 -131/2 11/2 0 0 1/2
6 41 3/4 -34 -4 3/4 42 -34 -41/4 1/4 0 1/2
7 42 1/4 -28 3/4 -4 1/2 42 1/2 -28 1/4 -4 1/4 1/2 1/2
8 42 1/4 -21 3/4 -4 1/4 42 1/4 -21 -4 0 3/4 1/4
9 42 1/4 -16 1/4 -4 1/4 42 1/4 -16 -4 0 1/4 1/4
10 38 -13 -11/4 38 -131/4 -3/4 0 -1/4 1/2
11 37 3/4 -35 -7 1/4 37 3/4 -34 3/4 -7 0 1/4 1/4
12 37 3/4 -29 -7 37 3/4 -29 -7 0 0 0
13 38 1/4 -22 1/4 -6 3/4 381/4 -22 -61/2 0 1/4 1/4
14 38 1/4 -16 1/4 -6 3/4 38 1/4 -16 1/4 -6 1/2 0 0 1/4
15 36 -13.1/2 -21/2 36 -131/2 -2 1/4 0 0 1/4
16 34 1/4 -33 3/4 -8 341/2 -333/4 -8 1/4 0 0
17 341/2 -28 3/4 -7 3/4 34 1/4 -29 -7 3/4 -1/4 -1/4 0
18 34 1/2 -22 -7 3/4 341/2 -221/2 -7 3/4 0 -1/2 0
19 341/2 -18 1/2 -7 3/4 34 3/4 -18 -71/2 1/4 1/2 1/4
20 321/2 -14 -3 321/2 -131/4 -2 3/4 0 3/4 1/4
21 29172 -32 3/4 -8 29 1/2 -32 3/4 -8 0 0 0
22 29 3/4 -28 -7 314 291/2 -28 -7 3/4 -1/4 0 0
23 30 -211/4 -7 314 29 3/4 -211/2 -7 3/4 -1/4 -1/4 0
24 28 1/2 -14 -3 3/4 28 1/2 -13 3/4 -3 3/4 0 1/4 0
25 17 -32 1/4 -4 16 3/4 -32 -4 -1/4 1/4 0
26 17 -26 1/2 -4 17 -26 1/2 -4 0 0 0
27 16 3/4 -21 -4 17 -21 -33/4 1/4 0 1/4
28 17 1/2 -12.1/2 -11/4 17 3/4 -12 3/4 -11/4 1/4 -1/4 0
29 0 0 0
30 0 0 0
31 0 0 0
2 3 DASHBOARD /

DDDR\

/DDDR

Figure D-2. Floorpan Deformation Data — Set 2, Test No. MGSS-1
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VEHICLE PRE/POST CRUSH
INTERIOR CRUSH - SET 1
TEST: MGSS-1 Note: If impact is on driver side need to
VEHICLE: Ram1500 enter negative number for Y
X i Z X Y Z axX AY Az
POINT (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.)
A1l 55 3/4 -61 23172 55 3/4 -61 23112 0 0 0
A2 53 -39 3/4 26 1/4 53 -39 3/4 26 1/4 0 0 0
% A3 49 3/4 -311/2 27 1/4 49 3/4 -311/2 27 1/4 0 0 0
5 A4 49 1/2 -62 3/4 14 1/2 49 1/2 -62 14 1/4 0 3/4 -1/4
AS 46 3/4 -45 3/4 15 46 3/4 -451/2 15 0 1/4 0
A6 4212 -36 1/2 153/4 42 3/4 -36 1/4 16 1/4 1/4 1/4
Wi B1 21 -26 112 13/4 21 -26 1/2 11/2 0 0 -1/4
% 5 B2 231/4 -27 1/4 -3/4 231/4 -271/4 -3/4 0 0 0
o B3 213/4 -27 -21/4 213/4 -27 -21/4 0 0 0
i C1 4172 -311/2 12.1/2 41/2 -313/4 12 3/4 0 -1/4 1/4
% o Cc2 14 1/4 -311/2 12.1/2 141/4 -311/2 121/2 0 0 0
-0 C3 25 -30 172 12 1/4 25 -30 1/2 121/4 0 0 0
S(’ 8 C4 3 -27 1/4 31/4 3 =27 1/2 31/4 0 -1/4 0
% C5 15 3/4 =27 112 3 151/2 -27 112 3 -1/4 0 0
- Cé 23 1/4 -27 234 23 -27 234 -1/4 0 0
D1 0 0 0
D2 0 0 0
D3 0 0 0
D4 0 0 0
D5 0 0 0
D6 0 0 0
W D7 0 0 0
8 D8 0 0 0
= D9 0 0 0
D10 0 0 0
D11 0 0 0
D12 0 0 0
D13 0 0 0
D14 0 0 0
D15 0 0 0
DASHBOARD
A2
A3
Ag
DOOR \\ / DOOR
.4 C5
7~ N
1
s | /Y
Z

Figure D-3. Occupant Compartment Deformation Data — Set 1, Test No. MGSS-1

111



August 22, 2016
MwRSF Report No. TRP-03-320-16

VEHICLE PRE/POST CRUSH
INTERIOR CRUSH - SET 2
TEST: MGSS-1 Note: If impact is on driver side need to
VEHICLE: Ram1500 enter negative number for Y
X Y Z X Y’ z AX Ay Z
POINT (in.) (in) (in.) (in.) (in.) (in.) (in.) (in) (in.)
A1 411/4 | 6012 | 24 41 60172 | 24 - 1/4 0 0
A2 401/4 | 3912 | 2512 | 401/4 | -393/4 | 2512 0 -1/4 0
- A3 401/4 | 3112 | 2612 | 40 3112 | 261/4 -1/4 0 -1/4
o A4 331/4 | -6212 | 1412 | 331/4 | 6134 [ 1412 0 3/4 0
A5 321/4 | -46 1412 | 32 -46 141/2 - 1/4 0 0
A6 311/4 | -37 15 311/4 | -37 15 0 0 0
e B1 371/4 | 2414 | 2 371/4 | 2414 | 2 0 0 0
UQ) Z B2 393/4 | -24112 0 40 2412 | 0 1/4 0 0
o B3 383/4 | -24 2 383/4 | -241/4 | -13/4 0 -1/4 1/4
iii C1 81/4 | -421/4 T 121/4 8 4212 [ 121/4 -1/4 -1/4 0
% - c2 19 -42 121/4 | 18314 | -42 12112 -1/4 0 1/4
O c3 2034 | -a11/4 | 1212 | 2912 | -4112 | 12172 - 1/4 -1/4 0
28 c4 8 391/4 | 3 712 | 3912 | 3 172 - 1/4 0
g C5 213/4 | -391/4 | 3 2112 | -391/4 | 3 -1/4 0 0
= c6 291/4 | -39 3 29 -39 3 -1/4 0 0
D1 0 0 0
D2 0 0 0
D3 0 0 0
D4 0 0 0
D5 0 0 0
D6 0 0 0
w D7 0 0 0
2 D8 0 0 0
x D9 0 0 0
D10 0 0 0
D11 0 0 0
D12 0 0 0
D13 0 0 0
D14 0 0 0
D15 0 0 0
DASHBOARD /
A2 A3
B1
AB
C6
DDDR—\Ci / DOOR
7 N
C4
1
o ¥
7

Figure D-4. Occupant Compartment Deformation Data — Set 2, Test No. MGSS-1
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Date: 9/4/2014 Test Number: MGSS-1
Make: Dodge Model: Ram1500 Year: 2007

in. (mm)
Distance from C.G. to reference line - Lggy: 108 (2743)
Width of contact and induced crush - Field L: 38 7/8 (987)
Crush measurement spacing interval (L/5) -1:  7.775 (197)
Distance from center of vehicle to center of Field L - Dy : -19.4375 -(494)
Width of Contact Damage: 19 4/9 (494)
Distance from center of vehicle to center of contect damage -D ¢ 29 1/6 (741)

NOTE: Enter "NA" for crush measurement if distance can not be measured (i.e., side of vehicle has been pushed inward)

Crush Fatoral Tocation Original Profile Dist. Bel.ween Ref. Al G
Measurement Measurement Lines

in. (mm) in. (mm) in. (mm) in. (mm) in. (mm)

C, NA NA -387/8 -(987) 29 (737) -6 -(152) NA NA
C, 261/8  (664) -311/9 -(790) 17 (431) 151/8 (384)
C; 9 (229) -231/3 -(592) 1312 (342) 1122 (38)
Cy 434  (121) -155/9 -(395) 11 5/7 (297) -1 -(25)
Cs 33/8 (86) -77/9 -(197) 10172 (267) -11/7 -(29)
Cs 33/8 (86) 0 0 10 1/4 (260) -8/9 -(23)
Caax 261/8 (664) -311/9 -(790) 17 (431) 151/8 (384)

Figure D-5. Exterior Vehicle Crush (NASS) - Front, Test No. MGSS-1
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Date: 9/4/2014 Test Number: MGSS-1
Make: Dodge Model: Ram1500 Year: 2007
)
' F | )
|
+ + eld 1 - =
Wyt S e (1 e 2
Y T | |
| |
a & - | |
[ ] (K I
b | J
1 ]! I
—.-——-[—-—(——— e
e |
|
4 ( o
o | |
| — D i
| |
in. (mm)
Distance from centerline to reference line - Lpgy: 43 (1092)
‘Width of contact and induced crush - Field L: 228 1/4 (5798)
Crush measurement spacing interval (L/5) - I: ~ 45.65 (1160)
Distance from vehicle c.g. to center of Field L - Dy :  -9.375 -(238)
‘Width of Contact Damage: 228 1/4 (5798)
Distance from vehicle c.g. to center of contect damage -D:  93/8 (238)
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 remeoved)
Crush Longitudinal Location Original Profile Dist. Be!ween Ref. Actual  Crush
Measurement Measurement Lines
in. (mm) in. (mm) in. (mm) in. (mm) in. (mm)
C, na NA -123 12 -(3137) 37 (940) -7 -(178) NA NA
G, 512  (140) -77 6/7 -(1977) 10 1722 (267) 2 (51)
C; 43/4  (121) -321/5 -(818) 1158 (295) 1/8 3)
C, 43/4  (121) 13 4/9 (342) 11 1/4 (286) 12 (13)
Cs na NA 591/9 (1501) 101722 (267) NA NA
Cs na NA 104 3/4 (2661) 37 (940) NA NA
Caax 1312 (343) 85 (2159) 1112 (292) 9 (229)

Figure D-6. Exterior Vehicle Crush (NASS) - Side, Test No. MGSS-1
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Appendix E. Accelerometer and Rate Transducer Data Plots, Test No. MGSS-1
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Longitudinal CFC 180 10-msec Extracted Average Acceleration - SLICE-1
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Figure E-1. 10-ms Average Longitudinal Deceleration (SLICE-1), Test No. MGSS-1
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Longitudinal Change in Velocity - SLICE-1
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Figure E-2. Longitudinal Occupant Impact Velocity (SLICE-1), Test No. MGSS-1
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Longitudinal Change in Displacement - SLICE-1
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Figure E-3. Longitudinal Occupant Displacement (SLICE-1), Test No. MGSS-1
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Lateral CFC 180 10-msec Extracted Average Acceleration - SLICE-1
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Figure E-4. 10-ms Average Lateral Deceleration (SLICE-1), Test No. MGSS-1
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Figure E-5. Lateral Occupant Impact Velocity (SLICE-1), Test No. MGSS-1
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Figure E-6.

Lateral Change in Displacement - SLICE-1
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Lateral Occupant Displacement (SLICE-1), Test No. MGSS-1

16

9T-02E-£0-dY.L "ON Hoday 4SHMW

910z ‘gz 1snbny



¢cl

40

30

20

10

Angular Displacements (deg)

-10

Euler Angular Displacements SLICE 1

MGSS-1

e

Yaw
’A/\/‘-\\//_-\\_/4’_\
e )
gy \—’——\\>
Pitch
-, /\
//"_\\
\/ — Roll
0.5 1 15 2 25 3 35
Time (sec)
| ——Euler Yaw y (deg) ——Euler Pitch 0 (deg)  —— Euler Roll ¢ (deg) |

Figure E-7. Vehicle Angular Displacements (SLICE-1), Test No. MGSS-1
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Figure E-8. Acceleration Severity Index (SLICE-1), Test No. MGSS-1
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Longitudinal CFC 180 10-msec Extracted Average Acceleration - SLICE-2
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Figure E-9. 10-ms Average Longitudinal Deceleration (SLICE-2), Test No. MGSS-1
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Longitudinal Occupant Impact Velocity (SLICE-2), Test No. MGSS-1
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Figure E-11. Longitudinal Occupant Displacement (SLICE-2), Test No. MGSS-1
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Lateral CFC 180 10-msec Extracted Average Acceleration - SLICE-2
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Figure E-12. 10-ms Average Lateral Deceleration (SLICE-2), Test No. MGSS-1
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Figure E-13. Lateral Occupant Impact Velocity (SLICE-2), Test No. MGSS-1
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Figure E-14. Lateral Occupant Displacement (SLICE-2), Test No. MGSS-1
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Figure E-15. Vehicle Angular Displacements (SLICE-2), Test No. MGSS-1
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Figuré E-16. Acceleration Severity Index (SLICE-2), Test No. MGSS-1
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Appendix F. Load Cell Data, Test No. MGSS-1
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MIDWEST ROADSIDE SAFETY FACILITY

Load Cell Summary

Test Information:

Test Mo: MGSS5-1
Date: BM14/2014
System [ Test Article: MGS on 2:1 slope
LC Location / Component: Upstream Anchor Cable
Additional Notes:

Cuput Voltage vs. Time

JLoad Cell Information: Results:
Load Cell Mo.: PCB 1 - 1378 Preload: 0 kips
Calibration Factor 0.058 mV Max. Load: 4531 kips
Input Voltage (excitation): 1 Volts Time of Max. Load: 0.3407 sec
Gain: 1 Event Duration: 0.75 sec
Full Scale Load: 80 kips Final Load: -0.25 kips
Sample Rate: 10000 Hz
Cutoff Frequency: 100 Hz

Cutput Voltage V)

0 0.1 02 0.3 04 05 06
Time {sec)

Force ws. Time

0.7

0.3

Faorce (kips)
=

(&3]

0 o1 0.2 03 04 il ikl

Time .[iec{l

0r

0g

Figure F-1. Upstream Load Cell Data, Test No. MGSS-1
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MIDWEST ROADSIDE SAFETY FACILITY

Load Cell Summary

[Test Information:

Test Mo: MGS5-1
Date: B/14/2014
System [ Test Article: MGS on 2:1 slope
LC Leocation [ Component: Upstream Anchor Cable
Additional Motes:

JLoad Cell Information: Results:
Load Cell No.: 281278 Preload: 0 kips
Calibration Factor: 22314 moa'V Mazx. Load: 52.95 kips
Input Voltage (excitation]: 10.02 Volts Time of Max. Load: 0.3524 sec
Gain: 400 Event Duration: 0.8 sec
Full Scale Load: 80 kips Final Load: -0.02 kips
Sample Rate: 10000 Hz
Cutoff Frequency: 100 Hz

Cuput Voltage vs. Time

Output Voltage V)
a

0 0.1 02 0.3 04 0.5 D8 0.7 D.a 0.8
Time {sec)
Force vs. Time
60
50
&0
)
2 a
Y
F oo
[P
10
] —
-10
0 o1 02 03 04 0s 06 o7 0.8 ng

Time {sec)

Figure F-2. Upstream Inline Load Cell Data, Test No. MGSS-1
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