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CHAPTER 1. INTRODUCTION

1.1 INTRODUCTION

This project was set up to provide Texas Department of Transportation (TxDOT) with a
mechanism to quickly and effectively evaluate high-priority issues related to roadside safety
devices. Roadside safety devices shield motorists from roadside hazards such as non-traversable
terrain and fixed objects. To maintain the desired level of safety for the motoring public, these
safety devices must be designed to accommodate a variety of site conditions, placement
locations, and a changing vehicle fleet. Periodically, there is a need to assess the compliance of
existing safety devices with current vehicle testing criteria and develop new devices that address
identified needs.

Under this project, roadside safety issues are identified and prioritized for investigation.
Each roadside safety issue is addressed with a separate work plan, and the results are
summarized in an individual test report.

1.2 BACKGROUND

The American Association of State Highway Transportation Officials (AASHTO)
published the Manual for Assessing Safety Hardware (MASH) in October 2009 (/). MASH
supersedes National Cooperative Highway Research Program (NCHRP) Report 350 (2) as the
recommended guidance for the safety performance evaluation of roadside safety features.

1.3 OBJECTIVES/SCOPE OF RESEARCH

TxDOT has a need for an aesthetic steel bridge rail that incorporates steel pickets and
anchors to a concrete curb. The purpose of this portion of the project was to design and evaluate
a steel bridge rail with pickets that would meet the strength and safety performance criteria for
Test Level 3 (TL-3) of MASH. The bridge rail tested for this project was similar to the Wyoming
2-tube bridge rail that was successfully crash tested under NCHRP Report 350 criteria (Texas
Transportation Institute [TTI] Project No. 472610-4, dated May 1996) (3). Details from the
Wyoming 2-tube design were incorporated and used in the design of the new TxDOT Picket
Rail.

The testing reported here assesses the performance of the TxDOT Picket Rail according
to the safety-performance evaluation guidelines included in MASH for TL-3. Two tests are
required to evaluate the bridge rail: one test with a 2425 1b vehicle and a second test with a
5000 Ib pickup truck, both impacting the critical impact point of the length of need of the bridge
rail at a nominal impact speed and angle of 62 mi/h and 25 degrees, respectively. The report
includes details of the TxDOT Picket Rail, details of the crash tests performed, and evaluation of
the tests according to MASH.
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CHAPTER 2. SYSTEM DETAILS

2.1 TEST ARTICLE DESIGN AND CONSTRUCTION

The TxDOT Picket Rail consists of three tubular steel rail elements supported by
fabricated steel plate posts. The overall length of the test installation was 92 ft and consisted of
12 posts spaced 8 ft on centers. The total height of the bridge rail is 36 inches above the
pavement surface. The steel bridge rail was anchored to a 14-inch wide by 9-inch high cast-in-
place concrete curb. The concrete curb was anchored to a cast-in-place 8-inch thick concrete
deck cantilever. The width of the cantilever was 30 inches. Mr. John Holt with TxDOT
provided detailed design information on the bridge rail.

The top rail element was an A500 Grade B 4-inch diameter pipe (0.174-inch wall
thickness). The lower two rail elements were A500 Grade B HSS6x2xV4 steel tubes. The
heights from the pavement surface to the top of the rail elements were 18 inches, 28 inches, and
36 inches for the lower, middle, and top rail elements, respectively. Each rail element was
attached to each post using a ’2-inch diameter A36 bent U-Bolt. The steel posts consisted of two
¥a-inch thick plates welded to a Y4-inch thick base plate. The steel plates used to fabricate the
steel posts were 9 inches wide at the base, 3% inches wide at the top, and 26 inches high
(including the width of the %-inch thick baseplate). The post plates were notched 3% inches for
the lower two rail elements and 2% inches for the top rail element. The post base plates
consisted of 12-inch x 14-inch % %-inch thick A572 Grade 50 material. The posts were
anchored to the concrete curb using four 7s-inch diameter x 10% inches long A325 bolts with a
Ya-inch thick anchor plate. These anchor bolts were cast in the curb, with the top of the concrete
deck supporting the hex heads. Steel pickets were located on the field side face of the bridge
rail. These pickets consisted of 7s-inch square x 22%-inch long A36 steel bars that were located
on 6-inch centers and were bolted to the rail in panel sections measuring approximately
73 inches long.

For this project, a concrete bridge deck cantilever and curb was constructed immediately
adjacent to an existing concrete runway located at the TTI Proving Ground test facility. The
total length of the installation was 92 ft long. The bridge deck cantilever was 30 inches wide and
8 inches thick. Reinforcement in the deck consisted of two layers of reinforcing steel placed in
the transverse and longitudinal directions. The top transverse reinforcement consisted of #5 bars
located on 6-inch centers. Longitudinal reinforcement in the top layer consisted of three #4 bars
on 9-inch centers. The bottom transverse reinforcement consisted of #5 bars located on 18-inch
centers. Longitudinal reinforcement in the bottom layer consisted of four #5 bars, three of which
were spaced on 12-inch centers, with the two bars closest to the field side edge of the deck
spaced approximately 372 inches on centers. Vertical reinforcement in the curb consisted of #5
stirrups located on 6-inch centers. Two longitudinal #5 bars were located within the top corners
of the curb stirrups. For additional information on the bridge railing test installation, please refer
to Figures 2.1 and 2.2, and Appendix A. Figure 2.3 shows photographs of the installation before
testing.
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Figure 2.3. TxDOT Picket Rail before Testing.
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2.2 MATERIAL SPECIFICATIONS

All reinforcement used in the concrete deck had a specified yield strength of 60 ksi. The
concrete deck and curb has a specified concrete strength of 4000 psi. Concrete compressive
strength tests were performed on the day of the first crash test. The tests performed at 19 days of
age on the concrete deck, resulted in an average compressive strength of 5506 psi. The tests

performed at 11 days of age on the concrete curb resulted in an average compressive strength of
3837 psi.

TR No. 9-1002-12-2 7 2012-10-25






CHAPTER 3. TEST REQUIREMENTS
AND EVALUATION CRITERIA

3.1 CRASH TEST MATRIX

According to MASH, two tests are recommended for evaluation of longitudinal barriers to
test level three (TL-3).

e MASH Test 3-10: A 2425 Ib vehicle impacting the critical impact point
(CIP) of the length of need (LON) of the barrier at a nominal impact speed
and angle of 62 mi/h and 25 degrees, respectively. This test investigates a
barrier’s ability to successfully contain and redirect a small passenger vehicle.

e MASH Test 3-11: A 5000 Ib pickup truck impacting the CIP of the LON of
the barrier at a nominal impact speed and angle of 62 mi/h and 25 degrees,
respectively. This test investigates a barrier’s ability to successfully contain
and redirect light trucks and sport utility vehicles.

Both of these tests were performed on the Picket Rail. The critical impact points for each
test were determined using MASH guidelines. Target impact point for MASH test 3-10 was 3.6 ft
upstream of post 9; for MASH Test 3-11, it was 4.3 ft upstream of post 4.

The crash test and data analysis procedures followed the guidelines presented in MASH.
Chapter 4 presents brief descriptions of these procedures.

3.2 EVALUATION CRITERIA

The crash test was evaluated in accordance with the criteria presented in MASH. The
performance of the TxDOT Picket Rail is judged on the basis of three factors: structural
adequacy, occupant risk, and post impact vehicle trajectory. Structural adequacy is judged on
the ability of the TxDOT Picket Rail to contain and redirect the vehicle. Occupant risk criteria
evaluate the potential risk of hazard to occupants in the impacting vehicle and, to some extent,
other traffic, pedestrians, or workers in construction zones, if applicable. Post-impact vehicle
trajectory is assessed to determine potential for secondary impact with other vehicles or fixed
objects, creating further risk of injury to occupants of the impacting vehicle and/or risk of injury
to occupants in other vehicles. The appropriate safety evaluation criteria from Table 5-1 of
MASH were used to evaluate the crash tests reported here, and are listed in further detail under
the assessment of each crash test.

TR No. 9-1002-12-2 9 2012-10-25






CHAPTER 4. CRASH TEST PROCEDURES

4.1 TEST FACILITY

The full-scale crash test reported here was performed at Texas A&M Transportation
Institute (TTI) Proving Ground, an International Standards Organization (ISO) 17025 accredited
laboratory with American Association for Laboratory Accreditation (A2LA) Mechanical Testing
Certificate 2821.01. The full-scale crash test was performed according to TTI Proving Ground
quality procedures and according to the MASH guidelines and standards.

The TTI Proving Ground is a 2000-acre complex of research and training facilities
located 10 miles northwest of the main campus of Texas A&M University. The site, formerly
an Air Force base, has large expanses of concrete runways and parking aprons well-suited for
experimental research and testing in the areas of vehicle performance and handling,
vehicle-roadway interaction, durability and efficacy of highway pavements, and safety
evaluation of roadside safety hardware. The site selected for construction and testing of the
TxDOT Picket Rail evaluated under this project was along the edge of an out-of-service apron.
The apron consists of an unreinforced jointed-concrete pavement in 12.5 ft by 15 ft blocks
nominally 6 inches deep. The apron is over 50 years old, and the joints have some
displacement, but are otherwise flat and level.

4.2  VEHICLE TOW AND GUIDANCE PROCEDURES

The test vehicles were towed into the test installation using a steel cable guidance and
reverse tow system. A steel cable for guiding the test vehicles was tensioned along the path,
anchored at each end, and threaded through an attachment to the front wheel of the test vehicle.
An additional steel cable was connected to the test vehicle, passed around a pulley near the
impact point, through a pulley on the tow vehicle, and then anchored to the ground such that the
tow vehicle moved away from the test site. A two-to-one speed ratio between the test and tow
vehicle existed with this system. Just prior to impact with the installation, the test vehicle was
released to be free-wheeling and unrestrained. The vehicle remained free-wheeling, i.e., no
steering or braking inputs, until the vehicle cleared the immediate area of the test site, at which
time brakes on the vehicle were activated to bring it to a safe and controlled stop.

43 DATA ACQUISITION SYSTEMS
4.3.1 Vehicle Instrumentation and Data Processing

The test vehicles were instrumented with a self-contained, on-board data acquisition
system. The signal conditioning and acquisition system is a 16-channel, Tiny Data Acquisition
System (TDAS) Pro that Diversified Technical Systems, Inc. produced. The accelerometers,
measuring the X, y, and z axis of vehicle acceleration, are a strain gauge type with linear millivolt
output proportional to acceleration. Angular rate sensors, measuring vehicle roll, pitch, and yaw
rates, are ultra small, solid state units designs for crash test service. The TDAS Pro hardware and
software conform to the latest SAE J211, Instrumentation for Impact Test. Each of the 16
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channels is capable of providing precision amplification, scaling, and filtering based on
transducer specifications and calibrations. During the test, data are recorded from each channel at
a rate of 10,000 values per second with a resolution of one part in 65,536. Once the data are
recorded, internal batteries will back these up inside the unit should the primary battery cable be
severed. Initial contact of the pressure switch on the vehicle bumper provides a time zero mark as
well as initiating the recording process. After each test, the data are downloaded from the TDAS
Pro unit into a laptop computer at the test site. The Test Risk Assessment Program (TRAP)
software then processes the raw data to produce detailed reports of the test results. Each of the
TDAS Pro units is returned to the factory annually for complete recalibration. Accelerometers
and rate transducers are also calibrated annually with traceability to the National Institute for
Standards and Technology.

TRAP uses the data from the TDAS Pro to compute occupant/compartment impact
velocities, time of occupant/compartment impact after vehicle impact, and the highest
10-millisecond (ms) average ridedown acceleration. TRAP calculates change in vehicle velocity
at the end of a given impulse period. In addition, maximum average accelerations over 50-ms
intervals in each of the three directions are computed. For reporting purposes, the data from the
vehicle-mounted accelerometers are filtered with a 60-Hz digital filter, and acceleration versus
time curves for the longitudinal, lateral, and vertical directions are plotted using TRAP.

TRAP uses the data from the yaw, pitch, and roll rate transducers to compute angular
displacement in degrees at 0.0001-s intervals and then plots yaw, pitch, and roll versus time.
These displacements are in reference to the vehicle-fixed coordinate system with the initial
position and orientation of the vehicle-fixed coordinate systems being initial impact.

4.3.2 Anthropomorphic Dummy Instrumentation

An Alderson Research Laboratories Hybrid II, 50" percentile male anthropomorphic
dummy, restrained with lap and shoulder belts, was placed in the driver’s position of the 1100C
vehicle. The dummy was uninstrumented. Use of a dummy in the 2270P vehicle is optional
according to MASH, and there was no dummy used in the test with the 2270P vehicle.

4.3.3 Photographic Instrumentation and Data Processing

Photographic coverage of each test included three high-speed cameras: one overhead
with a field of view perpendicular to the ground and directly over the impact point; one placed
behind the installation at an angle; and a third placed to have a field of view parallel to and
aligned with the installation at the downstream end. A flashbulb activated by pressure-sensitive
tape switches was positioned on the impacting vehicle to indicate the instant of contact with the
installation and was visible from each camera. The films from these high-speed cameras were
analyzed on a computer-linked motion analyzer to observe phenomena occurring during the
collision and to obtain time-event, displacement, and angular data. A mini-DV camera and still
cameras recorded and documented conditions of the test vehicle and installation before and after
each test.
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CHAPTER 5. MASH TEST 3-10 CRASH TEST RESULTS

5.1 TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS

MASH Test 3-10 involves an 1100C vehicle weighing 2425 Ib +55 1b impacting the
bridge rail at an impact speed of 62.2 mi/h 2.5 mi/h and an angle of 25 degrees £1.5 degrees.
The target impact point was 3.6 ft upstream of post 9. The 2005 Kia Rio used in the test had a
test inertial mass of 2431 1b and gross static mass of 2597 Ib. The actual impact speed and angle
were 62.0 mi/h and 24.9 degrees, respectively. The actual impact point was 3.7 ft upstream of
post 9. Target impact severity (IS) was 56.0 kip-ft, and actual IS was 59.2 kip-ft, which was
5.7 percent greater than the target IS.

5.2  TEST VEHICLE

A 2005 Kia Rio, shown in Figures 5.1 and 5.2, was used for the crash test. Test inertia
weight of the vehicle was 2431 1b, and its gross static weight was 2597 1b. The height to the
lower edge of the vehicle bumper was 8.50 inches, and it was 22.75 inches to the upper edge of
the bumper. Table C1 in Appendix C gives additional dimensions and information on the
vehicle. The vehicle was directed into the installation using the cable reverse tow and guidance
system, and was released to be free-wheeling and unrestrained just prior to impact.

5.3 WEATHER CONDITIONS

The test was performed on the morning of April 9, 2012. Weather conditions at the time

of testing were as follows: wind speed: 2 mi/h; wind direction: The referonce fo

82 degrees with respect to the vehicle (vehicle was traveling ina o i o '
southwesterly direction); temperature: 74°F, relative humidity: o :@(:I ] [@
72 percent. S 1807

T 270°

5.4 TEST DESCRIPTION

The 2005 Kia Rio, traveling at an impact speed of 62.0 mi/h, impacted the TxDOT Picket
Rail 3.7 ft upstream of post 9 at an impact angle of 24.9 degrees. At approximately 0.019 s, the
vehicle began to redirect, and at 0.029 s, the right front tire blew out. Maximum deflection of
0.9 inch on the top rail occurred at 0.051 s. At 0.067 s, the front passenger window shattered,
and at 0.167 s, the vehicle was traveling parallel with the bridge rail at a speed of 52.2 mi/h. The
rear of the vehicle contacted the bridge rail at 0.168 s. At 0.256 s, the vehicle lost contact with
the bridge rail and was traveling at an exit speed and angle of 51.1 mi/h and 6.5 degrees,
respectively. Brakes on the vehicle were applied 1.16 s after impact, and the vehicle
subsequently came to rest 195 ft downstream of impact and 21 ft toward traffic lanes.
Figures C1 and C2 in Appendix C show sequential photographs of the test period.
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Figure 5.1. Vehicle/Installation Geometrics for Test No. 490022-2.
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Figure 5.2. Vehicle before Test No. 490022-2.
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5.5 DAMAGE TO TEST INSTALLATION

Figures 5.3 and 5.4 show damage to the TxDOT Picket Rail. Cracks in the curb radiated
from the front and rear anchor bolts toward the field side at post 9, and from the rear anchor bolt
on the upstream side of post 10. Tire marks were evident on the traffic face of all the horizontal
metal rail elements from 3.7 ft upstream of post 9 for a length of 10.0 ft. There was no evidence
of contact on the vertical pickets. Working width was 10.7 inches, and maximum dynamic
deflection of the horizontal metal rail element was 0.9 inch. Residual permanent deformation
was minimal and not measureable.

5.6 VEHICLE DAMAGE

Figure 5.5 shows damage to the vehicle. The right front strut and strut tower were
deformed. The front bumper, hood, right front tire and wheel rim, right front fender, right front
door and door glass, right rear door, right rear wheel rim, right rear quarter panel, and rear
bumper were also damaged. Maximum exterior crush to the vehicle was 11.0 inches in the side
plane at the right front corner at bumper height. The right side floor pan was also deformed, with
a maximum occupant compartment deformation of 3.0 inches. Figure 5.6 shows the interior of
the vehicle. Exterior vehicle crush and occupant compartment measurements are shown in
Appendix C, Tables C2 and C3.

5.7  OCCUPANT RISK FACTORS

Data from the accelerometer, located at the vehicle center of gravity, were digitized for
evaluation of occupant risk. In the longitudinal direction, the occupant impact velocity was
22.0 ft/s at 0.074 s, the highest 0.010-s occupant ridedown acceleration was 5.7 Gs from 0.178 to
0.188 s, and the maximum 0.050-s average acceleration was —12.8 Gs between 0.023 and
0.073 s. In the lateral direction, the occupant impact velocity was 33.5 ft/s at 0.074 s, the highest
0.010-s occupant ridedown acceleration was 12.2 Gs from 0.181 to 0.191 s, and the maximum
0.050-s average was —19.4 Gs between 0.017 and 0.067 s. Theoretical Head Impact Velocity
(THIV) was 43.7 km/h or 12.1 m/s at 0.073 s; Post-Impact Head Decelerations (PHD) was
13.2 Gs between 0.181 and 0.191 s; and Acceleration Severity Index (ASI) was 2.39 between
0.017 and 0.067 s. Figure 5.7 summarizes these data and other pertinent information from the
test. In Appendix C, Figures C3 through C9 present Vehicle angular displacements and
accelerations versus time traces.
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Figure 5.3. Vehicle/Installation after Impact for Test No. 490022-2.
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Figure 5.4. Installation after Test No. 490022-2.
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Figure 5.5. Vehicle after Test No. 490022-2.
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Before Test
After Test

Figure 5.6. Interior of Vehicle for Test No. 490022-2.
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5.8  ASSESSMENT OF TEST RESULTS

An assessment of the test based on the applicable MASH safety evaluation criteria is
provided below.

5.8.1 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.

Results: The TxDOT Picket Rail contained and redirected the 1100C vehicle. The
vehicle did not penetrate, underride, or override the installation.

Maximum dynamic deflection of the horizontal metal rail elements was
0.9 inch. (PASS)

5.8.2 Occupant Risk

D.  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.
Deformation of, or intrusions into, the occupant compartment should not exceed
limits set forth in Section 5.3 and Appendix E of MASH. (roof <4.0 inches;
windshield = <3.0 inches, side windows = no shattering by test article structural
member; wheel/foot well/toe pan <9.0 inches, forward of A-pillar <12.0 inches;
front side door area above seat <9.0 inches, front side door below seat <12.0
inches; floor pan/transmission tunnel area <I2.0 inches).

Results:  No detached elements, fragments, or other debris was present to penetrate
or show potential for penetrating the occupant compartment, or present
undue hazard to others. (PASS)

Maximum occupant compartment deformation was 3.0 inches in the right
floor pan area. (PASS)

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

Results:  The 1100C vehicle remained upright during and after the collision event.
Maximum roll and pitch angles were 25 degrees and 8 degrees,
respectively. (PASS)

H.  Occupant impact velocities should satisfy the following:
Longitudinal and Lateral Occupant Impact Velocity

Preferred Maximum
30 fi/s 40 fi/s
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Results:  Longitudinal occupant impact velocity was 22.0 ft/s, and lateral occupant
impact velocity was 33.5 ft/s. (PASS)

L Occupant ridedown accelerations should satisfy the following:
Longitudinal and Lateral Occupant Ridedown Accelerations

Preferred Maximum
15.0 Gs 20.49 Gs

Results: Maximum longitudinal ridedown acceleration was 5.7 Gs, and maximum
lateral ridedown acceleration was 12.2 Gs. (PASS)

5.8.3 Vehicle Trajectory
For redirective devices, the vehicle shall exit the barrier within the exit box

(not less than 32.8 ft).

Result: The 1100C vehicle crossed the exit box 60 ft downstream of loss of
contact with the bridge rail. (PASS)
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CHAPTER 6. MASH TEST 3-11 CRASH TEST RESULTS

6.1 TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS

MASH Test 3-11 involves a 2270P vehicle weighing 5000 1b £110 1b impacting the test
article at an impact speed of 62.2 mi/h 2.5 mi/h and an angle of 25 degrees £1.5 degrees. The
target impact point was 4.3 ft upstream of post 4. The 2006 Dodge Ram 1500 pickup truck used in
the test weighed 5018 1b and the actual impact speed and angle were 61.6 mi/h and 24.2 degrees,
respectively. The actual impact point was 5.0 ft upstream of post 4. Target impact severity (IS)
was 115.6 kip-ft, and actual IS was 107.0 kip-ft, which was 7.4 percent less than the target IS.

6.2 TEST VEHICLE

A 2006 Dodge Ram 1500 pickup truck, shown in Figures 6.1 and 6.2, was used for the
crash test. Test inertia weight of the vehicle was 5018 Ib, and its gross static weight was 2018 1b.
The height to the lower edge of the vehicle bumper was 13.75 inches, and it was 25.38 inches to
the upper edge of the bumper. The height to the center of gravity was 28.25 inches. Tables D1
and D2 in Appendix D give additional dimensions and information on the vehicle. The vehicle
was directed into the installation using the cable reverse tow and guidance system, and was
released to be free-wheeling and unrestrained just prior to impact.

6.3 WEATHER CONDITIONS

The test was performed on the morning of April 10, 2012. Weather conditions at the time
of testing were as follows: wind speed: 6 mi/h; wind direction: N f
195 degrees with respect to the vehicle (vehicle was traveling in  wind direction is ¢ 90°

vehicle fixed as

a southwesterly direction); temperature: 77°F, relative humidity: = shew

S~ | —J
62 percent. 0° M /T @, VEHicLE
W e
6.4 TEST DESCRIPTION ?W

The test vehicle, traveling at an impact speed of 61.6 mi/h, impacted the Picket Rail 5.0 ft
upstream of post 4 at an impact angle of 24.2 degrees. At approximately 0.024 s after impact,
the right front tire blew out, and at 0.039 s, the vehicle began to redirect. The top of the front
passenger door and rear passenger door separated from the frame of the cab at 0.046 s and
0.061 s, respectively. Stress cracks in the windshield appeared at 0.074 s, and the rear of the
vehicle impacted the bridge rail at 0.155 s. The vehicle began traveling parallel with the bridge
rail at 0.166 s. At 0.295 s, the vehicle lost contact with the bridge rail while traveling at an exit
speed and angle of 57.6 mi/h and 19.6 degrees. Brakes on the vehicle were applied at 1.308 s,
and the vehicle subsequently came to rest 240 ft downstream of impact and 35 ft toward traffic
lanes. Figures D1 and D2 in Appendix D show sequential photographs of the test period.
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Figure 6.1. Vehicle/Installation Geometrics for Test No. 490022-3.
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Figure 6.2. Vehicle before Test No. 490022-3.
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6.5 DAMAGE TO TEST INSTALLATION

Figures 6.3 and 6.4 show damage to the TxDOT picket rail. A crack in the concrete curb
radiated toward the field side from the rear anchor bolt on the impact side of post 3. Cracks in
the concrete curb radiated toward the field side from the front and rear anchor bolts on both sides
of post 4, and extended into the concrete deck where each radiated downward and outward on
each side of the post. Working width was 10.4 inches. Maximum dynamic deflection of the top
rail was 2.8 inches. Maximum permanent deformation of the rail elements was 0.8 inch on the
top rail, 0.7 inch on the middle rail, and 0.9 inch on the bottom rail.

6.6 VEHICLE DAMAGE

Figure 6.5 shows damage to the 2270P vehicle. The right front frame rail and right front
upper and lower A-arms were deformed. Also damaged were the front bumper, hood, right front
tire and wheel rim, right front fender, right front and rear doors, right exterior bed, right rear tire
and wheel rim and the rear bumper. The windshield sustained stress cracks in each lower corner
near the hood. Maximum exterior crush to the vehicle was 11.0 inches in both the front and side
planes at the right front corner at bumper height. Maximum occupant compartment deformation
was 2.75 inches in the lateral area across the cab at the passenger side kickpanel. Figure 6.6 shows
the interior of the vehicle, while Tables D3 and D4 in Appendix D show the exterior vehicle crush
and occupant compartment measurements.

6.7 OCCUPANT RISK FACTORS

Data from the accelerometer, located at the vehicle center of gravity, were digitized for
evaluation of occupant risk. In the longitudinal direction, the occupant impact velocity was
10.8 ft/s at 0.091 s, the highest 0.010-s occupant ridedown acceleration was 4.6 Gs from 0.182 to
0.192 s, and the maximum 0.050-s average acceleration was —6.5 Gs between 0.028 and 0.078 s.
In the lateral direction, the occupant impact velocity was 28.5 ft/s at 0.091 s, the highest 0.010-s
occupant ridedown acceleration was 15.2 Gs from 0.201 to 0.211 s, and the maximum 0.050-s
average was —15.7 Gs between 0.035 and 0.085 s. Theoretical Head Impact Velocity (THIV)
was 34.1 km/h or 9.5 m/s at 0.090 s; Post-Impact Head Decelerations (PHD) was 15.5 Gs
between 0.201 and 0.211 s; and Acceleration Severity Index (ASI) was 1.83 between 0.029 and
0.079 s. Figure 5.7 summarizes these data and other pertinent information from the test. In
Appendix D, Figures D3 through D9 present the Vehicle angular displacements and
accelerations versus time traces.
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Figure 6.3. Installation/Vehicle after Impact for Test No. 490022-3.
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Figure 6.4. Installation after Test No. 490022-3.
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Figure 6.5. Vehicle after Test No. 490022-3.

TR No. 9-1002-12-2 31 2012-10-25



Before Test

After Test

Figure 6.6. Interior of Vehicle for Test No. 490022-3.
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6.8  ASSESSMENT OF TEST RESULTS

An assessment of the test based on the applicable MASH safety evaluation criteria is
provided below.

6.8.1 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.

Results:  The TxDOT Picket Rail contained and redirected the 2270P vehicle. The
vehicle did not penetrate, underride, or override the installation.
Maximum dynamic deflection during the test was 2.8 inches. (PASS)

6.8.2 Occupant Risk

D.  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.

Deformation of, or intrusions into, the occupant compartment should not exceed
limits set forth in Section 5.3 and Appendix E of MASH. (roof <4.0 inches;
windshield = <3.0 inches; side windows = no shattering by test article structural
member; wheel/foot well/toe pan <9.0 inches, forward of A-pillar <12.0 inches,
front side door area above seat <9.0 inches, front side door below seat <12.0
inches, floor pan/transmission tunnel area <12.0 inches).

Results:  No detached elements, fragments, or other debris were present to penetrate
or show potential for penetrating the occupant compartment, or present
undue hazard to others. (PASS)

Maximum occupant compartment deformation was 2.75 inches in the
lateral area across the cab at the front passenger kick panel. (PASS)

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

Results:  The 2270P vehicle remained upright during and after the collision event.
Maximum roll and pitch angles were 23 degrees and 5 degrees,
respectively. (PASS)

1. Occupant impact velocities should satisfy the following:
Longitudinal and Lateral Occupant Impact Velocity

Preferred Maximum
9.0 m/s (30 ft/s) 12.2 m/s (40 ft/s)
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Results:  Longitudinal occupant impact velocity was 10.8 ft/s, and lateral occupant
impact velocity was 28.5 ft/s. (PASS)

L Occupant ridedown accelerations should satisfy the following:
Longitudinal and Lateral Occupant Ridedown Accelerations

Preferred Maximum
15.0 Gs 20.49 Gs

Results: Maximum longitudinal ridedown acceleration was 4.6 G, and maximum
lateral ridedown acceleration was 15.2 G. (PASS)

6.8.3 Vehicle Trajectory
For redirective devices, the vehicle shall exit the barrier within the exit box

(not less than 32.8 ft).

Result: The 2270P vehicle crossed the exit box 105 ft downstream of loss of
contact with the bridge rail. (PASS)
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CHAPTER 7. SUMMARY AND CONCLUSIONS

7.1 SUMMARY OF RESULTS
7.1.1 MASH Test 3-10 (Test No. 490022-2)

The TxDOT Picket Rail contained and redirected the 1100C vehicle. The vehicle did not
penetrate, underride, or override the installation. Maximum dynamic deflection of the horizontal
metal rail elements was 0.9 inch. No detached elements, fragments, or other debris was present
to penetrate or show potential for penetrating the occupant compartment, or present undue hazard
to others. Maximum occupant compartment deformation was 3.0 inches in the right floor pan
area. The 1100C vehicle remained upright during and after the collision event. Maximum roll
and pitch angles were 25 degrees and 8 degrees, respectively. Occupant compartment risk
factors were within the limits specified in MASH. The 1100C vehicle crossed the exit box 60 ft
downstream of loss of contact with the bridge rail.

7.1.2 MASH Test 3-11 (Test No. 490022-3)

The TxDOT Picket Rail contained and redirected the 2270P vehicle. The vehicle did not
penetrate, underride, or override the installation. Maximum dynamic deflection during the test
was 2.8 inches. No detached elements, fragments, or other debris were present to penetrate or
show potential for penetrating the occupant compartment, or present undue hazard to others.
Maximum occupant compartment deformation was 2.75 inches in the lateral area across the cab
at the front passenger kick panel. The 2270P vehicle remained upright during and after the
collision event. Maximum roll and pitch angles were 23 degrees and 5 degrees, respectively.
Occupant compartment risk factors were within the limits specified in MASH. The 2270P
vehicle crossed the exit box 105 ft downstream of loss of contact with the bridge rail.

7.2 CONCLUSIONS

The TxDOT Picket Rail performed acceptably for MASH TL-3 (see Tables 7.1 and 7.2).

TR No. 9-1002-12-2 37 2012-10-25



‘[re1 93pLIq AU} YIIM JOBIUOD JO SSO[ JO WEANSUMOP

Q\%NM. unyj ssa7] NQN\Q X0q J1Xo Y] UIYJim

S58d 1 (09 X0q }Xd JY) PASSOID JIIYA DOO] [ QYL | -2LLIDG DY) 11X2 [JDYS ]O1YdA dY] ‘SIIINIP dALIDAIPIA AO]
K10309[R1] S[OIYIA
D 6#°02 J0
sseq 'SD) 77 SeM | anpa 2]GDMO]ID WNWIXDUL Y] MO0]dq ISDI] JD A0 ‘SD) ()G
UOIIBIO[O00R UMOPIPLI [RIJR] WNWIXBW PUR ‘SO) /G J0 anppa pa.iadfoad ayy mojaq [pf pinoys suoyn.12]o2on
SEM UOIBID[IIIR UMOPIPLI [BUIPMIISUO] WNWIXBIA UMOpap1d Jundnodo [p.1aip] puv puipniiduoy [
‘(s 0¢)
ssBg "A10A103dSa1 ‘s92139p § PUB SAIZIP ST AIIM SFUR [S/uL 7°7 [ JO aNJDA 2]GDMO]ID WNUIXDUL dY] MO]2q JSVI] JD 4O
yoyd pue [[0I WNWIXBJA ‘JUIA UOISI[[Od Y} IOY. | (S/1f 0E) S/ut [ 6 Jo anjpa pa.sidfasd ayy mojaq 1jpf pjnoys
pue Surmp jysudn paurewdr 3[o1yoA D00 [ Y.L $217100]24 Jovdutl Juvdnoo0 |p.121v] puv [pulpnIISuoT [
"K10AN03dsa1 ‘S92139p § PUB SIAIFIP G7 AIoM SI[Fue "§22.432p G/ PaaIX
ssed 4o)1d pue [[0J WNWIXBJA “JUIAD UOISI[[0D Y} JOYR | 07 JOU 24D S2]3ub Yo11d pup 1104 WNWIXDUW Y] UO1IS1]]0D
pue Sunmp jysrdn paurewdr 3[91Y2A D00 [ Y.L A2)fp puv Jutanp Jy31idn uipwa.4 pjnoys ajo1yaa 2y o
HSYIN o i Xipuaddy puv ¢°¢
ssed “ga1e ued J0OO[J WYSLI OY) UL SYOUL ()°€ | U012 Ul Y110/ 1S SJ1ULl] Pa2IX2 JOU PINOYS JuduLlanduiod
sem uonewIojap juswiredwos juednddo wnwWIxey Jupdna20 ayj ‘oju1 SUOISNAJUL 4O *JO SUOYDULIOSO(T
"2UOZ YLOM D Ul
"SIOUIO 0} pIezey anpun |  jouuos.iad .10 ‘suvlysapad O1ffv.4) 42yj0 0] pAvzpY Inpun
ssed 1u9sa1d 10 Quawredwod juednooo oy Sunensuad up Juasa.d 40 Judugivduiod jundnooso ayj Sunv.gouad
J0j renuajod moys 1o denouad 0y Judsaid sem Aof [prpuajod moys .10 ap.ajauad j0u pinoys ajo11ip 152}
SLIGAP JOY30 JO ‘SjudwFe) ‘SHUIWI[D PAYILIAP ON oY) WO S14GaP 42YJO A0 ‘SJUdWSD.Af ‘SJUdwWa]2 payovidq "
ysry uednoo
"YOUI () Sem SJUIWI[D '2]qp3da2op
[Tl [BJOW [BJUOZLIOY AU} JO UOIIII[JOP JIWRUAD | S1 2]0124D ]S2] 2Y] JO UO1JII]J2P [DA2ID] PJ]OLIUOD YSNOYIID
ssed WNWIXEJA "UONE[[BISUI AU} IPLLISAO JO “OPLLIdPUN UONDIIVISUI Y] IPLLIIAO L0 ‘dPLLIdPUN ‘dIV.Ajoudd JoU
91enjoudd 10U PIP J[OIYIA YL, J[IIYA DOOI [ Y} | PpInoys apo1yaa ayj ‘dojs pajjo4guod v 0} 2121yaA 2y Sutiq
P91OAIIPAI pUB PAUTLIu0 18y 191d LOUXL YL A0 2]21Y2A4 Y] 12.41P24 PUD UIDIUOD PINOYS J]O1AD SO '}
Koenbopy [eImonng
JUIWISSASSY S)NSIY IS, BLIIILI)) uonen[eAy OI-¢€ 391 HSVYIN

60-10-C10C -9red I1ssL

¢-CC006¥ -'ONISIL

mysu] uoneodsuel] NV Sexd], Aduddy 1S9,

ey 19 LOAX.L 3 U0 0-€ 391 HSYIN 10§ AIeWIuing UONEN[BAT IUEULIONIJ 'L dqEL

2012-10-25

38

TR No. 9-1002-12-2



‘[re1 93pLIq AU} Y3IM JOBIUOD JO SSO[ JO WEANSUMOP

‘(I § 7€ uvyj $52] J0U) X0q 11X2 Y] UIYIIM

S58d Y SO X0Qq 31X Y} PISSOID J[IYIA JOLTT YL | A2144Dq Y] 31X [[DYS 2]21Y2A DY) ‘SIIIADP dA1II2A1PD.L 4O
K10399[R1], J[OIYIA
D 6#°02 J0
sseq ‘D TSI SeM | 2npA 2]GQDMO]ID WNUIXDUL Y] MO]Dq ISDI] JD A0 ‘SD) ()°C]
UOIIRIS[OO0R UMOPIPLI [BIJR] WNWIXRW PUR ‘D) 9} J0 anppa pa.iadfoad ayy mojaq [pf pinoys suoyn.12]o2on
SEM UOIBID[IIIR UMOPIPLI [BUIPMIISUO] WNWIXBIA UMOpap1d Jundnodo [p.1aip] puv puipniiduoy [
‘(s 0¢)
'S/ S'RT IS/t 7z Jo anjpa ajgpmoyp wnuixXput 2y Mojaq jsvaj] i 40
ssed . .
sem A119070A 10edwir Juednddo [eId1e] pue s/ 8°01 (/3£ 0€) syut |6 Jo anjpa pa.aiadfa.d ay) mojaq jipf pjnoys
sem AJ10070A Joedur Juednooo reurpmisuo $217100]24 Jovdutl Juvdnoo0 |p.121v] puv [pulpnIISuoT [
"K10AN03dsa1 ‘S92I39p G pPuB $IAIFIP ¢ dIoM SI[Fue "§22.432p G/ PadIXd
ssed 4o)1d pue [[0J WNWIXBJA “JUIAD UOISI[[0D Y} JOYR | 07 JOU 24D S2]3ub Yo11d pup 1104 WNWIXDUW Y] UO1IS1]]0D
pue Surmp jy3udn paurewas J[OIYIA JOLZZ YL 42}fp puv urinp jy3ridn urpwa.L pjnoys a]o1yaa ay | o
‘[oued yony 1o3udssed juoiy "HSYI Jo A xipuaddy puv ¢¢
ssed o} J8 qBO JY) SSOIO. BAIE [RIJR] OY) UL SYIUL G/ 7 | UO1D2S Ul Y110[ 12§ SIIUl] PaadXa JoU pInoys Judulnduiod
sem uonewIojap juswiredwos juednddo wnwWIxey Jupdna20 ayj ‘oju1 SUOISNAJUL 4O *JO SUOYDULIOSO(T
"2UOZ YLOM D Ul
"SIOUIO 0} pIezey anpun |  jouuos.iad .10 ‘suvlysapad O1ffv.4) 42yj0 0] pAvzpY Inpun
ssed 1u9sa1d 10 Quawredwod juednooo oy Sunensuad up Juasa.d 40 Judugivduiod jundnooso ayj Sunv.gouad
103 renuajod moys 10 denoudd 0y Jussaid arom Aof [prpuajod moys .10 ap.ajauad j0u pinoys ajo11ip 152}
SLIGAP JOY30 JO ‘SjudwFe) ‘SHUIWI[D PAYILIAP ON oY) WO S14GaP 42YJO A0 ‘SJUdWSD.Af ‘SJUdwWa]2 payovidq "
ysry uednoo
"2]qv1dadop
"SOUOUI Q' SeM 1S9} AU} SULIND UOIIII[JIP JIWRUAD | S1 2]213.4D 1S2] Y] JO UO1IIIY2P [D42ID] PAJ]OLIUOD YSNOYID
ssed WNWIXEJA "UONE[[BISUI AU} IPLLISAO JO “OPLLIdPUN UONDIIVISUI Y] IPLLIIAO L0 ‘dPLLIdPUN ‘dIV.Ajoudd JoU
‘d1enouad J0u pIp J[OIYIA YL, “J[OIYA JOLTT Y} | pnoys a1o1yaa ayy ‘dojs pajjo.uod v 03 2]21yaa 2] uliq
P91OAIIPAI pUB PAUTLIu0 18y 191d LOUXL YL A0 2]21Y2A4 Y] 12.41P24 PUD UIDIUOD PINOYS J]O1AD SO '}
Koenbopy [eImonng
JUIWISSASSY S)NSIY IS, BLIIILI)) uonen[eAy [1-€ 391 HSVYIN

01-¥0-CI0C -ored IssL

€-CC0061 -"'ONISSL

mysu] uoneodsuel] NV Sexd], Aduddy 1S9,

ey 39 LOAX.L 3 U0 [1-€ 39 HSYIN 10§ AIeWIuing UONEN[BAT IUEULIONIJ “T'L dqEL

2012-10-25

39

TR No. 9-1002-12-2






CHAPTER 8. IMPLEMENTATION STATEMENT

The purpose of this project was to develop and evaluate a new aesthetic bridge rail with
steel pickets that meets the current MASH safety performance criteria for TL-3. The TxDOT
Picket Rail tested under this project met all the safety performance criteria for MASH TL-3 and is
suitable for implementation on new bridge construction.
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APPENDIX A. DETAILS OF THE TXDOT PICKET RAIL

BRIDGE RAIL
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APPENDIX B. CERTIFICATION DOCUMENTATION

MATERIAL USED

TEST NUMBER 490022-2/3

TEST NAME TxDOT Picket Rail
DATE 2012-04-09/10
DATE RECEIVED ITEM NUMBER DESCRIPTION
2012-03-19 Parts-18 Picket Rail Parts
2012-02-23 Rebar 04-26 172" % 20" gr 60
2012-02-23 Rebar 05-15 5/8" x 20' grd 60

TR No. 9-1002-12-2 63

SUPPLIER HEAT #
Brazos Industries see file
CMC-Sheplers 3029770
CMC-Sheplers 3028494
2012-10-25



83/18/2012 21:25 281-371-52084

695/28/2811 18:56 3148519328

% Independence Tube

TUBULAR STEEL, TX
TUBULAR STEEL INC PAGE B81
B228 W, T4th St Ir qu)el‘ldﬂ ncetube.com
w ftctube.com

$Sold By:

INDEPENDENCE TUBE CORPORATION
6226 W. T4th St

Chicago, IL. 80638

Tel: T08-396-0380

Fax: 708-563-1950

Sold To:

2025 - TUBULAR STEEL

1031 EXECUTIVE PKWY DRIVE

ST. LOUIS, MO 63141-6351

CERTIFICATE of ANALYSIS and TESTS

Purchase Order No: po-023591
Sales Order No: CHI 191963 - 1
BiR of Lading No; CHI 112447 - 1
Involca No:

Shipped: 92272011
Invoiced:

Ship To:
84 - TUBULAR STEEL

1700 TUBULAR STEEL ROAD
STAUNTON, L 62088

Certificate No; CHI 816292

PAGE 81

Customer Part No: Test Date: 8/15/2011
ROUND AS00 GRADE B(C) Total Piecos  Total Weight
4.000"0D X .250" 30 7.215

Heat Number: C56944 .
YIT Ratio

Bundle Tag Yield, Tensile Strength, Elongation, Measurements Pieces Weight
557474 YLD=64158/TEN=79807/ELG=27 46 0.8029 10 2,405
207475 YLD=64153(TEN=79807/ELG=27 46 0.8029 10 2,405
557476 Y1.D=64158/TEN=73007/ELG=27 46 0.8020 10 2,405
Heat Number *+* Chemical Analysis "™ :
Co6e44 £=0.2000 Mn=0.7000 P=0.0070 S=0.0040 Si~=0.0300 Al=0.0310 Cu=0.0800

Carbon Eq.=0.3167 Catbon Eg, = G + (Mvg)

MEETS ASTM ASCD/AS00M-10a GRADE B AND GRADE C
MELTED & MANUFACTURED IN THE USA

Certification:
| certiy that the above results are & true and comrect copy of records prepared and meintained by independencs Tube

Cormaration, Swom this day, 8/15/2011

Annetla Gorz, Test Report Clerk

WE PROUDLY MANUFACTURE ALL OF QUR HSS IN THE USA.
INDEPENDENCE TUBE PRODL_ECT IS MANUFACTURED, TESTED,
AND INSPECTED IN ACCORDANCE WITH ASTM STANDARDS.

CURRENT STANDARDS:
rerrrnisre it arsssrmeenrnASOO/ASOOM-102
e 1 50T
eemrenserennerss e srene e 202288 {2002)
Page -1
TR No. 9-1002-12-2 64 2012-10-25



CN FASTENER MANUFACTURING, CO.

QUALITY CERTIFICATE

Date:  Dec. 03, 2010 Production No: 00241364
Product: B7 STUDDING Loi#: 315010042
Size: 7/8x12 Surface Coatling: PLN

(48 Pcs. 7/8-9 x 10-1/2) QTY: 12015 pcs.

CHEMICAL COMPOSITION
[& $i | Mn P s Cu Ni Cr- | Mo 8

MILL . . _
weaT#: | 040 027 | 0.83 | 0.015 | 0.007 0oz || 057 | 0.8
0108002

MECHANICAL P TIES

LTR! Tempering Temperature
CHARACTERISTICS REQUIRED << OBSERVATIONS >>
HARDNESS [HR] 3;: Max 35 C HRC  30.0~330
Tensile Sirengih [ N/mm?] 0 min 964 ~ 9467 Nfmm2
Yield Strength [ N/mm2] 795 min 889 — 890 N/mm?2
Hongation [%] 16 min 214~215
Reduction pf Area [%] 50 min 40.3-60.4
Thickness UM

Surface Coating: PIN
Dimmnl Inspn:  SATISFACTORY

the steel mill or material supplier described|in this document has been inspected under the
parameters setforth and found fo be in copformance with the physicat requirement we
cerfify the above product meefts specifiedjrequirement of.

The information on chemical composition L[bcmd on ihet test cerdificated received from

QUGE&Y Conhd Mancgen G.P i

L00/1L00°d ZZ8Le L ZZ:J0 ZLOZ/ZL/R0

TR No. 9-1002-12-2 65 2012-10-25



Mill Test Report Page | of |

MILL TEST REPORT BRIGHTON-BEST INTERNATIONAL INC.

www.BrightonBest.com
Lot#: LM11032804 Part#: 314250

This MTR contains 1 pages (Page: 1)

CERTIFIED MATERIAL TEST REPORT _
FOR ASTM A194/A194M-10a GRADE 2H HVY HEX NUTS

FACTORY: NINGB N HAI : DATE: OCT,12.20]1
ADDRESS: UOTUQ. E G315 ; 29 2

A T e e . MFG LOT NUMBER: 1LM11032804
CUSTOMER; BRIGHTON-BEST INTERNATIONAL (TAIWAN) INC PO NUMBER: 104299
QNTY SHIPPED: 64.800MPCS : A PART NO: 314250
SAMPLE SIZE : ACC.TO ASME BIS . 18.1.02 - o

SIZE & DESCRIPTION: 7/8-9(BLK)

STEEL PROPERTIES: ;s
STEEL GRADE: SWRCH4SK SIZE: 34mm HEAT NO: 331108356

CHEMISTRY COMPOSITION:
CHEMIST Ch | Mn% | P% | S% | Si% | Cr% | Ni% | Cu% | Mo% | OTHERS
SPE: MIN | MAX | MAX | MAX | MAX [ :

& 040 | 100 | 004 | 0O5 | 040
TEST: 045 | 076 | 0011 | 0003 | 021
DIMENSIONAL INSPECTIONS SPECIFICATION: ASME/ANSI BI5 .2, 2- §7(R1999)
CHARACTERISTICS TESTMETHOD ~ SPECIFIED ~ ACTUALRESULT  ACC. REJ,
FEIFFIEREFRIRER P EH BN - L e o e Lid v - ERErd LE AL L L L bl
APPEARANCE ASTM F812-02 R PASSED 100 0
WIDTH A/F 1.394"-1.438" s 1.409™-1.424" 32 0
WIDTH A/C T 1.589"-1.660" : 1.608"-1 638" 32 0
THREAD ASMEB1.1-02 S PASSED 8 0
HEIGHT ; 0.833"-0.885" : 0.843"-0.860" 32 ]
MARK 2HIM PASSED 100 0
MECHANICAL PROPERTIES:  TO I-122" in _ SPECIFICATION: ASTM A194-10a
CHARACTERISTICS " TESTMETHOD  SPECIFIED = ACTUALRESULT  ACC. REJ.
LR LI I Pt L iR R L] t‘1o*¢¢.f¢tt..; ARy » b cs-r»:qr.t. *REREEREY
HARDNESS : ASTM E18-05  24-35HRC. HRC29-30 5 0
PROOF LOAD ASTM F606-07 808501bf 808501bf 5 0
DECARBURIZATION ~ SAEnNZi : PASSED 1 0
HARDNESS AFTER 24H AT 540°C ASTM A194 MIN 89 HRB HRB 92-94 5 0
TEMPERING TEMPERATURE Mind55°C PASSED(520°C)
MACROETCH ASTM E381 S1RIC1~S4/R4/C4 S2R2IC2

bl
o

PARTS ARE MANUFACTURED AND TESTED IN ACCORDANCE WITH ASTM A194/A194M-10a

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

All parts meet the requirements of FQA and records afmnpalaner. arcomfile.

Maker's ISO#00109Q10593R0OM/3302

http://www.brightonbest.com/mtrcenter/getmtr.asp 3/9/2012
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STAMPING THE FUTURE
VWROUGHT WASHER MFG., INC.

Japeay 16, 20

Certification of Compliance

12476
ALBRITTON & GROVES - HOUSTON Wreupiin Washer
30U WILLOWBEND BLVD. #5350 Odi/ol Number
HOLUSTON. 1N 77034 230425
HT 228734
Chemical Analysis
Heat Number C Mn ; 5 Si
28427¢ 0.350 0840 09508 0.001 0.212
frurchase Date ity
Order Number Part Description Shipped shipped
FIARDLENEDD T8 s MARK 1T 01715720049 )00

waiion
tan the

W fereby certify that the subject paris conform 1o the requirements ol the appiicable sp
widtcaied for the subject parrs and are in complete conformance w F436-04, We hereby eoriifv L
sabyeet parts were hacdened o RUC 3843,

W hereby certify that all statutory requirenients as o American Production and Labor Standaids and all
vondinions of purchase applicable 10 the wansaction have been complicd with aud that the suliject mives were
melicd oud manufactured in the U.S.A.

Iraly vours
Wronght Woasher Mie. lne,

Winught Wgsficg o
L S A b M ougt

Panl Schagier sSworn and subscribed bobore e vir Janasre 16, 2000
L0 Managur My commission expires hune 21 20066

g ShEARKOIE AL
WA IN TN AL LS D 5a

SHILAR G ] T30, N2

1901 CIHICORY RD. o MOUNT PLEASANT, W1 53403 + PHONE (262} 554-9550 » FAX (262] 554-9584
VISIT OUR WEBSITE: www.wroughtwasher.com
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Namasco

T R e -

BLR466
Brazos Industries Ing Heat - AG0808
Cust. PO - Order-Line - 7140‘9641 3
Atias Tube julaln} Atlas RefBlL: 80460814
6039N Ceuntv Rotid 1016 T b 01.18.2012
B].\‘f;l;ﬂvlila, Arkansas, USA DEE U e Custonmr a88s
7%
o0 870-838-2000 JMC STEEL GROUP
Fax: B70-762-6630
MATERIAL TEST REPORT
Sold e Shipped to
?&Al‘:;m‘%"o CORPQ TION 3 NAMASCO SOUTH WEST -
arehousin ra 4, P.O. BOX
%%% GOLONTAL é’e TE LLOOR S a5
us
Materiel: 5.0x3.0X260x40°07C(4x3). Meteriad No: 300302504000 Mada In: USA
Molted In:  UBA
Sales order: 675803 Purchase Ordor: 6392558 Cust Material #: TS314RECTASCC0480
Haat No c Win P s S Al Su ="} Mo L3 Cr v T B N
641D 0.210 0790 0Q.009 0.009 0.008 0.041 ©€.030 0000 0.00C 0.010 0.040 0.000 0.0017 0.000 0.000
Bundle No PCx  Yiekd Tensha Eln.2in . ) Certtfication CE: 03§
Ma00040721 12 0061160 Psi 071150 Psi 31 % ASTM ABS00-10A GSRADE D&C
Maotarial Note:
Sales Or.Note:
Matorial: 6,0x2.Cx250u40"0"0(5x4). Matorial Ne: 600202504000 Made In:  UBA
Molted In: USA
Bales ordens 070803 Purchase Orden: 6332888 Cuat Material #: TH214RECTABOCO480
Haat No [ Mo P 8 8 Al Cu b Mo N cr v kil B N
ABOBOSB 0.220 0810 0.012 0003 0.030 0023 G100 0.C00 0.020 0.050 ©0.080 0.001 0.001 9.000 0.000
Bundlo Ne PCs  Yiold Tonslie En2in Certification CE 039
400040786 12 066300 Psi O7RBO30 Pel 20 % ASTM ABQO-10A GRADE B&RC
Mutarlsl Note:
Saoles Or.Mota:
Materisl: 6.0x2.0x200x40°07 Q3 x4, Materal No: BU0202804000 Made m  USA
mMolted I USA
Salas ordor: E76B0S Purchase Order: 6392358 Cust Materigd & TE6Z14RECTABOCD4BD
Hant No e Fn P 3 Si Al Cu Ch Mo Ni = v Ti ] N
ABDEDE 9.220 ©.810 0.0%2 0003 003C 0.022 0700 0.000 0020 0,050 0.060 Q001 0.001 D000 0,000
Bundie No PG Yioia Tarmug Em,zin Certitication CE: 0.39
M4U00a07ES 12 OGGI0C Pal O7BRIOFIl 29 M ASTM AS00-104 GRADE B&C
Matorial Note:
$alas OrNote:
A d by Qui :
The rasults rlmd:(?rm this report the actual of tha matarisl 4 hod and full 1 with afl
spacification pnd comirect requirgments. =
i w D1.1 methad.
~ bute E— € Matals Service Center Institute
~ 4 QFNOETH AMERIGA
~
TR No. 9-1002-12-2 71 2012-10-25




Hamasco

02-14-2012 12103
. Brazos Industries Inc
: Cust. PO -

Order-Line - 7140964 / 2

Heat . 515678

3525 Richard Arington, Jr., Bivd. N,
Birmingham, AL 35234

Phone (205) 251-1884

Lab Fax (205) 4214561
Labi@SouthiandTube.com

TEST REPORT

Customer Name:

NAMASCO CORPORATION LTD

Custamer PO No: 6426668

Heat No.: 515678 Spee/Grade: ASUD-10/B/C

Deseription: CARBON STEEL TUBING Print Date: 292012

Size/length: 2 X 6" T Wall 40 Wall Thickness:  0.2500

Carbon () 0.2000 Tin (Sn): 0.00Z6 Vanadium (V) D000

Manganese (Mn):  6.4300 Nickel (N3): 0.0150 ¢ Columbium (Cb):  0.0000

Phospharus () 3.0100 Chromium (Cr) 0.0430 Titanivm (Tt): 0.0010

Sulphur (3): 0.0110 Malybdenum (Mo 0.0066 | Boron (BY): 4.0001

Silicon (Si): 0.0120 Aluminum (Al): 0.0366 | Calcium (Ca): 0.0000

Copper (Cu): 0.0380 Nitrogen (N): 0.0037 | [Cacbon Equiv. (CE): 0.2852]
Sample Sample Tensile Yiehd Elengation
Number Date {psi) {psi} {Yo)
SL31866 2/6/2012 68400 56,200 26.00

We hereby certify that the above [igures are correct as contained in the records of this corpany, Tensile

testing (if applicable) is performed according 1o
usitygz 0.2% offset method),

Computer Generated Docuiment

Qualilty Assurance

ST Pickup No: 2103081

TR No. 9-1002-12-2

ST Orvder No: 264127

ASTM A370 and ASTM ER (Yield Strength determined

Melted & Munulactured i the ULS.A,

ST Iiem No: 2.0X6,025040

72 2012-10-25
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Hamasco
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84/18/2011 11:19 ) ] PAGE 01

Atias Tube Canada ULC ' 000 Atlas Ref.B/L:
LT . 000 Tube B ik

NOR 1G0 .
NORIGO o oser 000 umcsreeL crovr
Fax:  519-738-3537
MATERIAL TEST REPORT
Seld fo Shipped fo
KWAY . _ Crame topemies e 2 20d
USA . ' ' _USA !
‘Material: 4.500x188x42'0°0{19x1).-CSA Materlal No: R045001884200-CSA Made in: Canada
- _ * _ Melted in: Canada
Sales order: 628471 _ Purchase Order: PO-022403 .
Heat No c Mn P 3 sl Al Cu Cb Mo Ni Cr v ] B N
758508  0.180 0780 0.017 0008 0010 0000 0044 0005 0.005 0016 0055 0.002 0000 0.000 0.000
BundloNe  PCs Yield Tenslle  Em.2in R Cortification ' GE: 0.34
M100897855 19  058520Psl  (QGOZ4OPsl  30.0% CSA G40.21-04 50W CLASS C
Material Note: '
Sales Or.Note:Mests ASTM A500-07 Grade B&C
Material: 4. 500x188x42'0"0{19%1).-CSA Materinl No: R045001884200-CSA Made In: Canada
) Melted in: Canada
Sales order; 6208471 Purchese Order: PO-022403
Heat No c Mn ] s sl Al Gu  Cb Mo N - Cr v n B N
758508 - 0180 0780 0017 0008 0010 0000 0044 - 0.005 0.005 0016 0056 0002 0.000 0.000 0.000
BundleNo PCs Yield Tensile Eln2in ~ Gertification _ CE: 0.34
M100997853 19 053520 Psl  066240Psl  30.0% . CSA G40.21-04 SOW CLASS C
Matorial Note: )

Sales Or.Note: Muls ASTM AS00-07 Grads B&C

Material: 10.000x250x48'0°0{2x1). ) ' Material No: R160002504800 Made in; Canada

" ' Meited in; Canada ~
-Salos order: 630305 _ - Purchase Order: PO-022558 _ ’
Hest No c Mn P s S§i - Al Cu Cb Mo N O V n B N
750207 0480 0770 0009 0008 0016 0038 0047 0.006 0.004 0013 0048 0002 0.000 0000 0.000
Bundle No' . PCs  Yield Tenslle En2in . ' Certification _ CE: 0.33
M200738165 2 0S0900Psi  O7T1220Psi  35.0% ASTM A500-07 GRADE B&C '
Material Note:
Sales Or.Note:

(e

Authorized by Quality Assuranes: . L
The results reported on this report represent the actual attributes of the material fumnished and indicah full compli with all app
specification and contract requirements

&

. % OF WORTH ANSRICA-
v

Poge 1108 2 @ Metls Service Canter Institute
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APPENDIX C. RESULTS FOR MASH TEST 3-10 (TEST NO. 490022-2).
C1. TEST VEHICLE PROPERTIES AND INFORMATION

Table C1. Vehicle Properties for Test No. 490022-2.

Date: 2012-04-09 Test No.:  490022-2 VIN No.: KNADC125856364918
Year: 2005 Make: Model: Rio
Tire Inflation Pressure: 30 psi Odometer: 133137 Tire Size: 175/65R14
Describe any damage to the vehicle prior to test:
ACCELEROMETERS
® Denotes accelerometer location. "
( —— ﬂ
NOTES: — — // — :
HEEL A ) \ HEEL
M 'VFVRACK \\\ VEHICLE 'VVVRACK N

Engine Type: 4 cylinder — — \ - i
Engine CID: — — : <
Transmission Type: TEST INERTIAL C.M.

x Auto or Manual e

x FWD RWD 4WD e

Optional Equipment:

Dummy Data:
Type: 50" percentile male
Mass: 166 Ib

Seat Position:  Front passenger

Geometry: inches
A 62.50 F 32.00
B 56.12 G
C 164.25 H 35.38
D 37.00 I 8.50
E 95.25 J 22.75
Wheel Center Ht Front 10.75
GVWR Ratings: Mass: Ib
Front 1691 Mont
Back 1559 Mear
Total 3250 M+otal
Mass Distribution:
Ib LF: 790

TR No. 9-1002-12-2

K
L
M
N

0]

RF:

15.50

21.50

35.00

104.50

W
0
—F Mirort . Moo 0]
C
12.00 P 3.25 U
24.25 Q 22.50 \Y,
56.50 R 15.50 w
57.00 S 8.62 X
28.00 T 63.00
Wheel Center Ht Rear 11.125
Curb Test Inertial
1521 1528
852 903
2373 2431

Gross Static

1610
987
2597

Allowable TIM = 2420 Ib £55 Ib | Allowable GSM = 2585 Ib + 55 Ib

79

738

LR: 458 RR:

445
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Table C2. Exterior Crush Measurements for Test No. 490022-2.

Date: 2012-04-09 Test No.:  490022-2 VIN No.: KNADC125856364918

Year: 2005 Make: Kia Model: Rio

VEHICLE CRUSH MEASUREMENT SHEET!
Complete When Applicable

End Damage Side Damage
Undeformed end width Bowing: Bl X1
Corner shift: Al B2 X2
A2
End shift at frame (CDC) Bowing constant
(check one) X1+ X2
<4 inches T -
>4 inches

Note: Measure C; to Cq from Driver to Passenger side in Front or Rear Impacts — Rear to Front in Side Impacts.

Direct Damage

Specific
Impact Plane* of Width** Max*** Field G Cz G C4 Cs Cs D
Number C-Measurements (CDC) Crush L**
1 Front plane at bumper ht 19.0 10.0 24 0 4.0 5.5 6.5 7.5 | 10.0 -14
2 Side plane at bumper ht 19.0 11.0 36 01 1.25 4.0 6.0 8.0 | 11.0

Measurements recorded

in inches

'Table taken from National Accident Sampling System (NASS).

*Identify the plane at which the C-measurements are taken (e.g., at bumper, above bumper, at sill, above sill, at
beltline, etc.) or label adjustments (e.g., free space).

Free space value is defined as the distance between the baseline and the original body contour taken at the individual
C locations. This may include the following: bumper lead, bumper taper, side protrusion, side taper, etc.

Record the value for each C-measurement and maximum crush.

**Measure and document on the vehicle diagram the beginning or end of the direct damage width and field L (e.g.,
side damage with respect to undamaged axle).

***Measure and document on the vehicle diagram the location of the maximum crush.

Note: Use as many lines/columns as necessary to describe each damage profile.
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Table C3. Occupant Compartment Measurements for Test No. 490022-2.

Date: 2012-04-09 Test No.: 490022-2 VIN No.: KNADC125856364918
Year: 2005 Make: Kia Model: Rio
7
— OCCUPANT COMPARTMENT
q ) DEFORMATION MEASUREMENT
%( )U Before .After
G (inches) (inches)
il [ A1 67.25 67.25
e A2 65.00 65.00
A3 37.25 66.75
B1 39.25 39.25
B1, B2, B3, B4, B5, B6 B2 35 50 35 50
Z B3 39.25 40.25
- AL &AL B4 34.75 34.75
C1.C2.803 B5 35.00 35.00
@ L B6 34.75 34.75
C1 26.75 26.75
c2 e
C3 26.50 23.50
{ D1 10.75 10.75
BL B¢ B3 gi 8.75 8.25
El&E?2
% E1 49.00 49.25
E2 50.50 53.50
F 49.25 49.50
G 49.25 47.75
H 36.50 36.50
| 36.50 36.50
J* 50.25 49.00

*Lateral area across the cab from
driver’s side kickpanel to passenger’s side kickpanel.
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C2. SEQUENTIAL PHOTOGRAPHS
3 P ¥ T =7 Ny ¥ = e

Figure C1. Sequential Photographs for Test No. 490022-2
(Overhead and Rear Views).
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Figure C1. Sequential Photographs for Test No. 490022-2
(Overhead and Rear Views) (continued).
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Figure C2. Sequential Photographs for Test No. 490022-2
(Rear of Bridge Rail View).
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VEHICLE ANGULAR DISPLACEMENTS
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VEHICLE ACCELERATIONS
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APPENDIX D. RESULTS FOR MASH TEST 3-11 (TEST NO. 490022-3).

D1. TEST VEHICLE PROPERTIES AND INFORMATION
Table D1. Vehicle Properties for Test No. 490022-3.

Date:  2012-04-10 Test No.: 490022-3 VIN No.: 1D7HA18X65708197
Year: 2006 Make: Dodge Model: Ram 1500
Tire Size: 265/70R17 Tire Inflation Pressure: 35 psi
Tread Type: Highway Odometer: 129282
Note any damage to the vehicle prior to test:
X
® Denotes accelerometer location. W
- %7
NOTES: L -
M v — e | * e
Engine Type: A \ T
Engine CID: | - 1T — \
Transmission Type: e he o
X Auto or Manual N
x FWD RwW 4WD - /{—7 /
Optional Equipment: B / \
77* — ‘ = o
7 ‘ | ‘ e ;
Dummy Data: O 3 U LG | Q /Z;FL
Type: No dummy ‘ P | | s K
Mass: f ] f f
Seat Position: ANV I Mreor
—F & D —-
Geometry: inches C
A 78.25 F 36.00 K 20.50 P 2.88 U 28.50
B 75.00 G 28.25 L 29.12 Q 31.25 \% 29.50
C 223.75 H 61.51 M 68.50 R 18.38 w 60.50
D 47.25 I 13.75 N 68.00 S 12.00 X 78.00
E 140.50 J 25.38 0] 44.50 T 77.00
Wheel Center Wheel Well Bottom Frame
Height Front 14.75 Clearance (Front) 5.00 Height - Front 17.12
Wheel Center Wheel Well Bottom Frame
Height Rear 14.75 Clearance (Rear) 10.25 Height - Rear 24.75
GVWR Ratings: Mass: Ib Curb Test Inertial Gross Static
Front 3700 Mront 2852 2821
Back 3900 Mear 2166 2197
Total 6700 Mrotal 5018 5018
(Allowable Range for TIM and GSM = 5000 Ib £110 Ib)
Mass Distribution:
Ib LF: 1430 RF: 1391 LR: 1058 RR: 1139
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Table D2. Vehicle Parameters for Test No. 490022-3.

Date: 2012-04-10  Test No.: 490022-3 VIN: 1D7HA18X65708197

Year: 2006 Make: Dodge Model: Ram 1500

Body Style: Quad-Cab Mileage: 129282

Engine: Transmission: Automatic

Fuel Level: Empty Ballast: 100 Ib at front of bed (440 Ib max)
Tire Pressure: Front: 35  psi Rear: 35  psi Size: 265/70R17

Measured Vehicle Weights: (Ib)

LF: 1430 RF: 1391 Front Axle: 2821
LR: 1058 RR: 1139 Rear Axle: 2197
Left: 2488 Right: 2530 Total: 5018
5000 £110 Ib allow ed
Wheel Base: 140.5 inches Track: F: 68.5 inches R: 68 inches
148 £12 inches allow ed Track = (F+R)/2 = 67 +1.5 inches allow ed

Center of Gravity, SAE J874 Suspension Method

X 61.51 in Rear of Front Axle (63 +4 inches allow ed)
Y: 0.29 in Left- Right + of Vehicle Centerline
Z 28.25 in Above Ground (minumum 28.0 inches allow ed)
Hood Height: 44.50 inches Front Bumper Height: 25.375 inches

43 t4 inches allowed

Front Overhang: 36.00 inches Rear Bumper Height: 29.125 inches

39 3 inches allowed

Overall Length: 223.78 inches

237 £13 inches allowed
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Table D3. Exterior Crush Measurements for Test No. 490022-3.

Date: 2012-04-10 Test No.: 490022-3 VIN No.: 1D7HA18X65708197

Year: 2006 Make: Dodge Model: Ram 1500

VEHICLE CRUSH MEASUREMENT SHEET!
Complete When Applicable

End Damage Side Damage
Undeformed end width Bowing: Bl X1
Corner shift: Al B2 X2
A2
End shift at frame (CDC) Bowing constant
(check one) X1+ X2
<4 inches T a
>4 inches

Note: Measure C; to Cq from Driver to Passenger side in Front or Rear Impacts — Rear to Front in Side Impacts.

Direct Damage

Specific
Impact Plane* of Width** Max*** Field G C2 G Cs Cs Cs +D
Number C-Measurements (CDC) Crush L**
1 Front plane at bumper ht 17.0 11.0 30 0 1 2.5 11 9 11 +15
2 Side plane at bumper ht 17.0 11.0 10 1 -—- -—- --- --- 11 +68

Measurements recorded

in inches

'Table taken from National Accident Sampling System (NASS).

*Identify the plane at which the C-measurements are taken (e.g., at bumper, above bumper, at sill, above sill, at
beltline, etc.) or label adjustments (e.g., free space).

Free space value is defined as the distance between the baseline and the original body contour taken at the individual
C locations. This may include the following: bumper lead, bumper taper, side protrusion, side taper, etc.

Record the value for each C-measurement and maximum crush.

**Measure and document on the vehicle diagram the beginning or end of the direct damage width and field L
(e.g., side damage with respect to undamaged axle).

***Measure and document on the vehicle diagram the location of the maximum crush.

Note: Use as many lines/columns as necessary to describe each damage profile.
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Table D4. Occupant Compartment Measurements for Test No. 490022-3.

Date: 2012-04-10 Test No.: 490022-3 VIN No.: 1D7HA18X65708197

Year: 2006 Make: Dodge Model: Ram 1500

OCCUPANT COMPARTMENT
A DEFORMATION MEASUREMENT

. L i Before After

\ (inches ) (inches )
N R A1 64.50 64.50
: A2 64.50 64.50
Ll U= a3 65.00 65.00
B1 45.25 45.25
B2 39.25 39.25

B3 45.25 45.25

B4 42.00 42.00

B5 4.25 4.25

B6 42.00 42.00

| C1 27.25 27.25

C2

C3 29.25 29.25

D1 12.75 12.75

D2

D3 11.25 11.25

( 82,5 E1 63.00 62.50
BL4 | ) E2 64.50 64.75
| ElrAT— E3 64.00 63.50
‘ E4 64.50 93.75
ﬁ@t F 60.00 60.00
G 60.00 60.00

H 39.00 39.00

) | 39.00 39.00
d&ﬁ/frr’zlsi;:ak?:l:g:ietr?ocs:s];rgrrmger’s side kickpanel. J* 63.25 60.50
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0.000 s

0.042 s

0.084 s

0.126 s

Figure D1. Sequential Photographs for Test No. 490022-3
(Overhead and Frontal Views).
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0.168 s

0.210s

0.252s

0.295s

Figure D1. Sequential Photographs for Test No. 490022-3
(Overhead and Frontal Views) (continued).
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0.126 s | 0.295 s
Figure D2. Sequential Photographs for Test No. 490022-3
(Rear of Bridge Rail View).
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VEHICLE ANGULAR DISPLACEMENTS
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