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CHAPTER 1. INTRODUCTION

11 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 (1). 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.

TR No. 9-1002-12-2 1 2012-10-25






CHAPTER 2. SYSTEM DETAILS

21  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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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.
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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.
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CHAPTER 4. CRASH TEST PROCEDURES

41  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.

42  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 DATAACQUISITION 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.

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



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 1b +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°

54  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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9.5 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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After Test

Figure 5.6. Interior of Vehicle for Test No. 490022-2.
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General Information Impact Conditions Post-Impact Trajectory
TeSt AQENCY ...ooevvveeeeiiiieains Texas A&M Transportation Institute (TTI) Speed.....coociiiiiiiieiee 62.0 mi/h Stopping Distance................... 195 ft dnstrm
Test Standard Test No. . MASH Test 3-10 Angle.........oceene ....24.9 degrees 21 ft twd traffic
TTI Test No. ....... 490022-2 Location/Orientation ........... 3.7 ft upstream of Vehicle Stability
TestDate .....cceeevvveeeiiiieens 2012-04-09 Exit Conditions post 9 Maximum Yaw Angle............... 60 degrees
Test Article Speed......ocoiiiiiiiieiie 51.1 mi/h Maximum Pitch Angle .. .. 8 degrees
TYPC e Bridge Rail Angle ..o 6.5 degrees Maximum Roll Angle............... 25 degrees
NaMEe ..ooviiiieiieee TxDOT Picket Rall Occupant Risk Values Vehicle Snagging...........cc....... No
Installation Length ................. 92.0 ft Impact Velocity Vehicle Pocketing ................... No
Material or Key Elements ...... Three tubular steel rail elements with Longitudinal Test Article Deflections
vertical pickets mounted on steel plate Lateral ........ccoeevnieeeninnen. Dynamic ........ccovuveeinieieniinene 0.9inch
posts anchored on concrete deck and curb Ridedown Accelerations Permanent...... Nil
Soil Type and Condition......... Concrete bridge deck and curb, dry Longitudinal..................... 57G Working Width .........cccoeovenen. 10.7 inches
Test Vehicle Lateral.....ccceeevevvvieneeenens 122G Vehicle Damage
Type/Designation .................. 1100C 01RFQ4
Make and Model 2005 Kia Rio 01FREWS3
Curb..ooiiie 2373 1b 11.0 inches
Test Inertial .........ccccceeeveeennns 2431 b Max. 0.050-s Average RF0030000
DUMMY.cooiiiiiiiiiiiieccee 166 Ib Longitudinal..................... -12.8G Max. Occupant Compartment
Gross Static........cccocvevvernnene 2597 Ib Lateral Deformation..........cccccceeenene 3.0 inches
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Figure 5.7. Summary of Results for MASH Test 3-10 on the TXDOT Picket Rail.




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
zZone.
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 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 ft/s 40 ft/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)

I.  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 Ib +110 Ib 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.
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Before Test

After Test

Figure 6.6. Interior of Vehicle for Test No. 490022-3.
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General Information

Test AQeNCY ......cocvevevveeeenns Texas A&M Transportation Institute (TTI)
Test Standard Test No. ....... MASH Test 3-11
TTI Test No. ............. ... 490022-3
Test Date ............ .. 2012-04-10
Test Article
TYPC e Bridge Ralil
Name .........ccccvveeeen. .. TXDOT Picket Rail

92.0 ft

Three tubular steel rail elements with

vertical pickets mounted on steel plate

posts anchored on concrete deck and curb

Soil Type and Condition....... Concrete bridge deck and curb, dry

Test Vehicle
Type/Designation

Make and Model.....

Installation Length
Material or Key Elements ....

2270P

... 2006 Dodge Ram 1500 Pickup
... 5018 1Ib

.. 5018 Ib

No dummy

5018 Ib

Impact Conditions
SPeed.....uvviiiiiiii e 61.6 mi/h
...24.2 degrees

Location/Orientation ............... 5.0 ft upstream
Exit Conditions of post 4

Speed.....cccviviiiiiiiiie 57.6 mi/h

ANgle ..., 19.6 degrees

Occupant Risk Values
Impact Velocity

Longitudinal............ccccceeee. 10.8 ft/s

Lateral.......ccccoovvveeiniiieiinnen, 28.5 ft/s
Ridedown Accelerations

Longitudinal............ccoeeuvenees 4649

...15.2G
....34.1 km/h
..155G
1.83

Lateral

Max. 0.050-s Average

Longitudinal............ccoeeuvenees -6.5G
Lateral.......ccccoovveeiniieeininnen, -15.7G
Vertical .........oovvvvvvvvevenenininnn, -2.7G

Post-Impact Trajectory

Stopping Distance ................. 240 ft dwnstrm
35 ft twd traffic
Vehicle Stability
Maximum Yaw Angle............. 35 degrees
Maximum Pitch Angle............. 5 degrees
Maximum Roll Angle.............. 23 degrees

Vehicle Snagging...................
Vehicle Pocketing
Test Article Deflections

Dynamic ........ccoeevvieeiniinieens 2.8 inches
Permanent...........cccceeviiienne 0.9 inch
Working Width ...........cccc...... 10.4 inches

Vehicle Damage

01RFQ5
01FREW4
11.0 inches
RF0000000
Max. Occupant Compartment
Deformation..........ccccccevueees 2.75 inches

Figure 6.7. Summary of Results for MASH Test 3-11 on the TXDOT Picket Rail.



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 <I12.0 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)

I.  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)

I.  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).
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Table 7.1. Performance Evaluation Summary for MASH Test 3-10 on the TxDOT Picket Rail.

Test Agency: Texas A&M Transportation Institute

Test No.: 490022-2

Test Date: 2012-04-09

MASH Test 3-10 Evaluation Criteria Test Results Assessment
Structural Adequacy
A. Test article should contain and redirect the vehicle or The TxDOT Picket Rail contained and redirected
bring the vehicle to a controlled stop; the vehicle should | the 1100C vehicle. The vehicle did not penetrate,
not penetrate, underride, or override the installation underride, or override the installation. Maximum Pass
although controlled lateral deflection of the test article is | dynamic deflection of the horizontal metal rail
acceptable. elements was 0.9 inch.
Occupant Risk
D. Detached elements, fragments, or other debris from the No detached elements, fragments, or other debris
test article should not penetrate or show potential for was present to penetrate or show potential for
penetrating the occupant compartment, or present an penetrating the occupant compartment, or present Pass
undue hazard to other traffic, pedestrians, or personnel | undue hazard to others.
in a work zone.
Deformations of, or intrusions into, the occupant Maximum occupant compartment deformation was
compartment should not exceed limits set forth in Section | 3.0 inches in the right floor pan area. Pass
5.3 and Appendix E of MASH.
F.  The vehicle should remain upright during and after The 1100C vehicle remained upright during and
collision. The maximum roll and pitch angles are notto | after the collision event. Maximum roll and pitch Pass
exceed 75 degrees. angles were 25 degrees and 8 degrees, respectively.
H. Longitudinal and lateral occupant impact velocities The 1100C vehicle remained upright during and
should fall below the preferred value of 9.1 m/s (30 ft/s), | after the collision event. Maximum roll and pitch Pass
or at least below the maximum allowable value of 12.2 m/s| angles were 25 degrees and 8 degrees, respectively.
(40 ft/s).
I.  Longitudinal and lateral occupant ridedown Maximum longitudinal ridedown acceleration was
accelerations should fall below the preferred value of 5.7 Gs, and maximum lateral ridedown acceleration Pass
15.0 Gs, or at least below the maximum allowable value | was 12.2 Gs.
of 20.49 Gs.
Vehicle Trajectory
For redirective devices, the vehicle shall exit the barrier | The 1100C vehicle crossed the exit box 60 ft Pass

within the exit box (not less than 32.8 ft).

downstream of loss of contact with the bridge rail.
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Table 7.2. Performance Evaluation Summary for MASH Test 3-11 on the TxDOT Picket Rail.

Test Agency: Texas A&M Transportation Institute

Test No.: 490022-3

Test Date: 2012-04-10

MASH Test 3-11 Evaluation Criteria Test Results Assessment
Structural Adequacy
A. Test article should contain and redirect the vehicle or The TxDOT Picket Rail contained and redirected
bring the vehicle to a controlled stop; the vehicle should | the 2270P vehicle. The vehicle did not penetrate,
not penetrate, underride, or override the installation underride, or override the installation. Maximum Pass
although controlled lateral deflection of the test article is | dynamic deflection during the test was 2.8 inches.
acceptable.
Occupant Risk
D. Detached elements, fragments, or other debris from the No detached elements, fragments, or other debris
test article should not penetrate or show potential for were present to penetrate or show potential for
penetrating the occupant compartment, or present an penetrating the occupant compartment, or present Pass
undue hazard to other traffic, pedestrians, or personnel | undue hazard to others.
in a work zone.
Deformations of, or intrusions into, the occupant Maximum occupant compartment deformation was
compartment should not exceed limits set forth in Section | 2.75 inches in the lateral area across the cab at the Pass
5.3 and Appendix E of MASH. front passenger kick panel.
F.  The vehicle should remain upright during and after The 2270P vehicle remained upright during and
collision. The maximum roll and pitch angles are notto | after the collision event. Maximum roll and pitch Pass
exceed 75 degrees. angles were 23 degrees and 5 degrees, respectively.
H. Longitudinal and lateral occupant impact velocities Longitudinal occupant impact velocity was
should fall below the preferred value of 9.1 m/s (30 ft/s), | 10.8 ft/s, and lateral occupant impact velocity was Pass
or at least below the maximum allowable value of 12.2 m/s 28.5 ft/s.
(40 ft/s).
I.  Longitudinal and lateral occupant ridedown Maximum longitudinal ridedown acceleration was
accelerations should fall below the preferred value of 4.6 G, and maximum lateral ridedown acceleration Pass
15.0 Gs, or at least below the maximum allowable value | was 15.2 G.
of 20.49 Gs.
Vehicle Trajectory
For redirective devices, the vehicle shall exit the barrier | The 2270P vehicle crossed the exit box 105 ft Pass

within the exit box (not less than 32.8 ft).

downstream of loss of contact with the bridge rail.







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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RAIL PARTS RAIL PARTS
# PART NAME QTY.| SHT/GRD # PART NAME QTY. | SHT/GRD
1 Post for Picket Rail 12 sheet 4 -5 14 Bolt, 1/2 x 1-1/2 hex 66 A325
2 HSS6x2x1/4 Left 2 sheet 6 - 7 15 Washer, 1" flat hardened 132
3 HSS6x2x1/4 Center 2 sheet 8 - 9 16 Washer, 1/2 lock ¥2
+4 HSS6x2x1/4 Right 2 sheet 10 17 Nut, 1/2 hex 138 A563
5 HSS Round 4-1/2 x 3/16 Left 1 sheet 11 18 Bolt, 7/8 x 10-1/2 hex 48 see Zb
6 HSS Round 4-1/2 x 3/16 Center 1 sheet 11 19 Washer, 7/8 hardened 48
7 HSS Round 4-1/2 x 3/16 Right 1 sheet 12 20 Nut, 7/8 hex 48 Heavy Hex
8 | Splice Sleeve for HSS Round Rail | 2 sheet 12 21 Anchor Plate for Picket Rail 12 sheet 14
9 Splice Sleeve for HSS Rect. Rail 4 sheet 14 29 Rebar, 7. 24 sheet 17
10 Picket Panel 9 sheet 13 23 Rebar, transverse bottom 62 sheet 17
11 Picket Panel at Rail Splice 2 sheet 13 24 Rebar, transverse top 184 sheet 17
12 U-holt for Picket Rail 36 sheet 14 25 Rebar, wall tie 46 sheet 17
13 Plate Washer for Picket Rail 72 sheet 14 26 Rebar, curb stirrup 184 sheet 17

2a. All HSS Rails and HSS Round Splice Sleeve for this test are ASTM
Do not substtute grade C.

2b. @7/8 bolts are A325. ©7/8 Threaded Rod (ASTM A193 or B7) 11" long may be
substituted, with additional 7/8 Heavy Hex nut tack-welded flush at bottom.

2e. A449 or A325T hardware is acceptable alternative to A325.

2d. Tolerances on steel parts 1s £1/8" unless otherwise indicated.

A500 grade B.

Texas Transportation Institute

The Texas A&M Urn \-'r:TsiI}: Systemn
College Station, Texas 77843

Project 490022 2/3

TxDOT Picket Rail

2012-04-13

Drawn By GES Scale 1:150

Sheet 2of 17

BOM

T:42011-2012)490022 TxDOT\-2 Picket Rail\Drafting'\modified, 2012-04' Picket Rail drawing,
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3a. Turn sleeve for round rail so that pin faces away from traffic. Place rectangular
sleeves with the pin at top.

3b. @1/2" hardware is for attaching the picket panels to the middle and bottom
rails, 6 per panel. Two washers per bolt, under bolt head and nut.
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e A @ POST FOR PICKET RAIL
] s — POST PARTS

N - I # DESCRIPTION | QTY. SIZE / GRADE
O th O 31 Base Plate 1 3/4" - A572 gr. 50
= 32 Side Plate 2 3/4" - A572 gr. 50

;»O | ©° } 512" 33 Top Strap 1 3/4" x 2" A36

GD/ 34 | Middle / Bottom Strap | 2 3/4" x 2" A36

Post Picket 1 5/8" sq. A36

SEE 4b

rf— 2.1/4"

\ 20-3/4"

— - — /2"

ELEVATION VIEWS

4a. Postis symmetric about ¢ .

4b. Top Strap to Side Plates, bevel weld front side and fillet weld other 3 sides.

4c. All Post parts, except Picket, are detailed on next sheet.

ISOMETRIC VIEW
SCALE 1:10

Texas Transportation Institute

The Texas A&M Urniversity System
College Station, Texas 77843

Project 490022-2/3 TxDOT Picket Rail 2012-04-13

Drawn By GES Scale 1:8 | Sheet 40of 17  Post Details

T:%2011-2012\490022 TxDOT\-2 Picket Rail\Dt:lfting\._mod.iﬁed: 2012-04Picket Rail dmwing
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TOP STRAP
SEE 5b

——————— 4" —————

15/16" [ A2
4 :

=
I

—>|| -Il— 13/16"

ol 1-3/4"

POST PARTS

2-1/8"TYP.

18-5/16"

@ MIDDLE AND BOTTOM STRAP
3/4" THICK - A36

. 4" —————

| — ¢1-1/8" TYP.

Lorro | T

4-3/4"
i | 7-3/8"
—O O i l
Y
- 2_5 ,-"!8"

@ BASE PLATE
3/4" THICK - A572 gmdc 50

5a. Post parts are symmetric about ¢ 's.

5b. See Middle and Bottom Strap for slot details.

16-3/16" l

25-1/4"

13-1/4"

8-5/16"

6-3/16"

:)] 11.,.!4"

©

——— "' ———p

SIDE PLATES
3/4" THICK - A572 grade 50

Texas Transportation Institute

The Texas A&M University System
College Station, Texas 77843

Project 490022-2/

TxDOT Picket Rail 2012-04-13

Drawn By GES | Scale 1:7 | Sheet 5o0f17

Post Parts

20123490022 TxDOT"-2 Picket Rail\Drafting\modified, 2012-04", Picket Rail drawing,

T:\2011-



¢-C1-2001-6 ON ¥.L

0S

§C-01-210¢

-t 28'-5"
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< 22'-4" -
- 19'-10" >

14! 4"

FIELD SIDE

j—————————— 11-10" ———————— =

+—————— 9" 4" —————

76" —w
I 46"
}ﬁ 16"

v " — |

TREFFIE S @ HSS6x2x1/4, LEFT
BOTTOM VIEW
ASTM - A500 grad(: B
SEE 6a

Ga. @2" holes in Plan View are for access to nuts and washers for picket panel
attachment, on bottom side only, 10 times.

F 1-3/4"

@2!1
FIELD SIDE /

4
'

DETAIL G

TRAFFIC SIDE

SCALE 1:10

SEE 6a

Texas Transportation Institute

The Texas A&M University System
College Station, Texas 77843

Project 490022-2/3 TxDOT

Picket Rail 2012-04-13

Drawn By GES Scale 1:60

Sheet 60f17 Rail 2 - Bottom
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- 28'-5" -
st @5/8" HOLES - SEE 7b ='-'J‘
- 28-3/4"
5 3 sp. (@ 96" _
[T 240"
HSS6x2x1/4, LEFT
@ ASTM - A500 grade B H
ELEVATION VIEW - TRAFFIC SIDE
-t 28-3/4" -
d_ ."7” _: ” =_
+1/2 s ®1-1/16" 16
f‘!‘ f,-‘% f"-‘f - - - I f.‘?ﬁ - st ot s L nn
! - ")\_1 .r,' y -
I
@ 51';8" /
DETAIL H
SCALE1:5 l‘i 4‘1
r FIELD SIDE
TRAFFIC SIDE L
AD-I L7 1/4"
END VIEW
SCALE 1:3
7a. Pairs of @1-1/16" holes at 4-1/2" apart are for attaching rail to posts with U-
bolts, field side only, 4 times. @ 5/8" holes are for attaching picket panels to rails, - - ] ] The Texas A&M University System
field side only, 10 times. l'exas Transportation Institute College Station, Texas 77843
7b. See Bottom View, previous sheet, for @5/8" hole spacing, Projoct 490022.2/3 TaDOT Pidket Rall 20120413
Drawn By GES Scale 1:40 | Sheet 7of 17  Rail 2 - Elevation

T:42011-2012\490022 TxDOT-2 Picket Rail \Dmfting\._mod.iﬁffd: 2012-04Picket Rail dmwing
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SCALE1:10
SEE 8a
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The Texas A&M University System

Texas Transportation Institute College Station, Texas 77843

8a. 2" holes in Plan View are for access to nuts and washers for picket panel

Project 490022-2/3 TxDOT Picket Rail 2012-04-13

attachment, on bottom side only, 15 times.

Scale 1:60 Sheet 80f17 Rail 3 - Bottom

Drawn By GES

T:\2011-20124490022 TxDOT' -2 Picket Rail'\Drafting \modified, 2012-04" Picket Rail drawing
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1 39' 10" el
s ®5/8" HOLES - SEE 9b =
’— SEI_OU
@ HSS6x2x1/4, CENTER !
ELEVATION VIEW - TRAFFIC SIDE
ASTM - A500 grade B
SEE 9a
- 28-3/4" =
- 41/2" - 16" »
f/ _ :’{_ -;:3 _ _ _j:?‘ _ _ _ - S
@5/8" /
DETAIL |
1/16"
@1-1/18 SCALE1:5 Fib—b
FIELD SIDE | N
an -
T TRAFFIC SIDE
Y J
.u'r "
END VIEW b1
SCALE 1.5

Oa. Pairs of @ 1-1/16" holes at 4-1/2" a

part are for attaching rail to posts with -

bolts, back side only. @5/8" holes are for attaching picket panels to rails, back side

only, 15 times.
9b. See Bottom View, previous sheet, for

Q‘) 5/8" hole spacing.

The Texas A&M Umniversity Systermn

l'exas Transportation Institute College Station, Texas 77843

Project 490022-2/3 TxDOT Picket Rail 2012-04-13

Drawn By GES | Seale 1:60 Sheet 90f17 Ral 3 - Elevation

T:42011-2012490022 TxDOT"-2 Picket Rail\ Drafting\modified, 2012-04\ Picket Rail drawing
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ASTM - A500 grade B

FIELD SIDE

‘7 1-3/4"

N
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K ‘) BOTTOM VIEW
SEE 10a
2 sp. (@ 96"

F 192" W 19 5,"!4"

DETAIL K TRAFFIC SIDE
SCALE 1:10

2.-!

DT

L/ ELEVATION VIEWS Iy

TRAFFIC SIDE
END VIEW SCALE 1:5

SEE 10b
- 37" -
4-1/2" - - 19-3/4" >
i —— e A i
_ﬁ_/_/‘ - ,ﬁz R 1
®5/8" DETAIL L

d1-1/16"

10a. @2" holes in Plan View are for access to nuts for picket panel attachment, on

SCALE1:5

bottom side only, 8 times.
10b. Pairs of @1-1/16" holes at 4-1/2" apart are for attaching rail to posts with

Texas Transportation Institute

The Texas A&M Uni\-‘r.r:;ily Systemn
College Station, Texas 77843

U-bolts, back side only, 3 times.  5/8" holes are for securing picket panels to rails,
back side only, 8 times. See Plan View for spacing,

Project 490022-2/3

TxDOT Picket Rail 2012-04-13

Drawn By GES

Scale 1:50

Sheet 100f 17 Rail 4

2012-04\Picket Rail drawing,
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. 28! 5" Py
oo @96 1740 :
. sp. @ 96" | 1an 4-1/2"
" Y =
. \AM END VIEW
FISS ROUND 4-1/2 x 3/16 LEFT WD VIEW
ELEVATION VIEW SEE 11b
ASTM - A500 grade B 4-1/2" 28-3/4"
[T
[ £ »
P1-1/16" / DETAIL M
SCALE1:10
ot 3910
- 4 sp. @ 9¢"

|—' 320"

11a. Pairs of @1-1/16" holes at 4-1/2" apart are for attaching rail to posts with U-
bolts, back side only, 4 times.
11b. End View is typical for all three round rails.

() HSSROUND 4-1/2 x 3/16 CENTER
ELEVATION VIEW
ASTM - A500 grade B 4-1/2"

L

28-3/4" ———————»

/

[

_’!'} /1’\_} -

®1-1/16" —‘4/

DETAIL N
SCALE 1:10

Texas Transportation Institute

The Texas A&M University System
College Station, Texas 77843

Project 490022-

2/3

TxDOT Picket Rail 2012-04-13

Drawn By GES

Scale 1:60 | Sheet 110f17 Rails 5and 6

T:\2011-20124490022 TxIDOT -2 Picket Rail\Drafting\modified, 2012-04'\Picket Rail drawing,
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4-1/2"
- 2sp. @ 96" -~ 19-3/4" ——»
- 16'-0" ’
L " 0 [0 K‘ :‘} s =
(7) HSSROUND 4-1/2x 3/16 RIGHT 0% 4,/ /N
ELEVATION VIEW SCALE1: 10
ASTM - A500 grade B or grade C
» ng - Q4" 2500
L ;
| ] | ]
SEE 12¢ I
o ROUND SPLICE SLEEVE PLAN VIEW
HSS ROUND 4 x 1/4 L
ASTM - A500 grade B or grade C o
ELEVATION VIEWS -
SEE 12b/ —
B R3/16" 5-3/8" 13/8" e 5"
/ al _.1 I v j?
/’ [
— ELEVATION VIEWS SEE 12¢

12a. Pairs of @1-1/16" holes are for attaching rail to posts with U-bolts, back side
only, 3 times.

12b. Front View scale 1:10, End View scale 1:5.

12¢. @3/8" driving fit Pin, 1/4" protruding past sleeve..

12d. Tolerance on thickness and width for this part s 1/16". Grind weld smooth
and verify that Sleeve will fit easily into Rail. Plan and Front Elevation Views scale 1:10,

End View scale 1:5.

SPLICE SLEEVE

FOR RECTANGULAR RAIL
ASTM - A36
SEE 12d

Texas Transportation Institute

The Texas A&M University System
C()]]:'g: Station, Texas 77843

Project 490022-2/3

TxDOT Picket Rail 2012-04-13

Drawn By GES

Scale 1:50 | Sheet 120f 17 Rail 7 and Splice Sleeves

T:\2011-20124490022 TxDOT' -2 Picket Rail'\Drafting \modified, 2012-04" Picket Rail drawing



¢-C1-2001-6 ON ¥.L

LS

§C-01-210¢
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PICKET PANEL
@ - 69-9/16" >
= 39-9/16" - -
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i = — —
23-1/8"
153/4" © il
g * l = | — —
s34 N[/
END VIEW TYP. o DICKETS RAILS
5/8" x 5/8" x 22-3/4" 38" ¢ 1.1/2" BAR
ASTM - A36 ASTM - A36

FRONT ELEVATION VIEW

1.1/2" et .‘ SEE 13a

ou 2" x 1-1/2" x 3/16" ANGLE

L ASTM - A36
DETAIL P -
SCALE1:3 IYP.

13a. Picket Panel at Rail Splice is shown in Front Elevation View. Standard Picket
Panels have @9;"16" round holes instead of slots at same locations (See Detail Q).
Panels are otherwise 1dentical,

3.9/16"
1/4" —l jt— ‘
Y

|<T>|» 2-1/2"

9/16" N
Y . w—

DETAIL Q } ®9/16"
SCALE1:5 N 1-15/16"

Texas Transportation Institute

The Texas A&M University System
College Station, Texas 77843

Project 490022-2/ TxDOT

Picket Rail 2012-04-13

Drawn By GES Scale 1:10

Sheet 13 of 17 Picket Panel

T:2011-2012\490022 TxDOT" -2 Picket Rail\Drafting\modified, 2012-04 Picket Rail drawing



¢-C1-2001-6 ON ¥.L

8¢S

§C-01-210¢

1-1/2" —Id--

——— 8" ——— =
f— 5" —— -

@9/16"
| / —» | 5/16"

.' O

T

21/2" 4

43/4"

6-1/2"

| O

—— 2" —— ]

PLATE WASHER
ASTM-A36

. je—— i — [

o _/ t?,fs"
®15/16" TYP.

1/4"

™~

e

3-1/2"
APPROXIMATE
2" MIN. SEE 14a
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SCALE 1:5

-

@1/2" ASTM-A36

Texas Transportation Institute

The Texas A&M IIr]i\-‘r.r:;in Systemn
College Station, Texas 77843

14a. Rod 1s 10" long before bending,
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15a. Wall tie rebar 1s at =24" spacing and welded to existing rebar (not shown).

15b. 3/4" chamfer exposed edges of deck and curb.
15¢. Concrete 1s Class S - 4000 psi for deck and curb.

15d. Rebar 1s grade 60. Longitudinal bars in top mat are ©1/2" at 9", unless
otherwise shown, with 17" laps. Longitudinal bars in bottom mat are @5/8" at 12",

Texas Transportation Institute

The Texas A&M Urniversity System
College Station, Texas 77843

unless otherwise shown, with 21" laps on all @5/8" bars.

Project 490022-2/3

TxDOT

Picket Rail 2012-04-13

15e. Tolerance on concrete dimensions and rebar spacing 1s £1/4".

Drawn By GES

Scale 1:10 | Sheet 150f 17 Concrete Cross-sections
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R
a— DECK AND CURB
- ELEVATION VIEW
- 2“"' .l SELE 16a
6" TYPICAL -
3" — STIRRUPS AND TOP TRANSVERSE BARS

SEE 16a

l—I/2"—>J

18" TYPICAL -
BOTTOM TRANSVERSLE BARS
SEE 16h

DETAIL R
SCALE1:10

16a. Lap Z- bars minimum 9", with lap centered on post. Increase lap at end posts
to keep 1-1/2" clearance from curb end. Place /- bars with upper end outside of

stirrups at the bend and with the lower end inside the stirrups. ' ) ” The Texas A&M University System
16b. Bottom Transverse Bars are in line with Top Transverse Bars, so are not visible Texas Transportation Institute College Station, Texas 77843
i fhis-vlewe, Project 490022-2/3  TxDOT Picket Rail | 2012:04-13

16¢c. Anchor Bolt heads rest on deck. :
| Drawn By GES | Scale1:2200 | Sheet 160f17 Concrete Elevation

T:\ZO! 1-420‘32\490022 TxDOTN\-2 Picket Rail\Drafting\modified, 2012-04\ Picket Rail drawing
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CURB STIRRUP

17a. All rebar this sheet 1s @ 5/8" grade 60 and bend diameter dimension shown

for Wall Tie 1s typical.

14-3/8"

@5/8" —m —

@ WALL TIE,

The Texas A&M University System

Texas Transportation Institute College Station, Texas 77843

Project 490022-2/3 T=I>OT Picket Rail 2012-04-13

Drawn By GES

Scale 1:10 Sheet 17 of 17 Rebar Details

T:\2011-2012)490022 TxDOT" -2 Picket Rail\Drafting\modified, 2012-04", Picket Rail drawing






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

TR No. 9-1002-12-2 66 2012-10-25



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

TR No. 9-1002-12-2 67 2012-10-25
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We hereby certify that the test results presented here

m CMC STEEL TEXAS CERTIFIED MILL TEST REPCRY are accurate and conform 1o the reported grade specification
1 STEEL MILL DRIVE For additional copies call .
SEGUIN TX 78155-7510 830-372-8771 Q""W b Aebacrs
crnc Daniel 1. Schacht
Qualkty Assurance Manager -
HEAT NO.:3011321 S | Madden Bolt Corp S | Madden Bolt Corp Delivery#: 80199515
SECTION: ROUND 1/2 x 20'0™ 0 H BOL#: 70063367
A36/52950 L | 13420 Hempstead Rd | | 13420 Hempstead Rd CUST PO#: PE33983
GRADE: ASTM A36-08/A529-05 Gr 54 D | Houston TX P | Houston TX CUST P/N:
ROLL DATE: 08/15/2009 Us 77040-5813 US 77040-5813 DLVRY LBS / HEAT: 4562.000 LB
MELT DATE: 08/14/2008 T | 7139399999 T | 7139329999 DLVRY PCS / HEAT: 341 EA
0 | 7139397200 0| 7139397200
Characteristic  Value Characteristic Vaiue Characteristic  Value
C 0.13%
Mn 0.81%
P 0.008%
S 0.039%
Si 0.19%
Cu 0.15%
Cr 0.16%
Ni 0.09%
Mo  0.033%
vV 0.008% )
ct  0.001%
Sn  D0.007% :
Al 0.002%
Carbon Eq AS29 0.36%
Yield Strength test 1  51.6ksi
Tensile Strength test 1 77.5ksi
Elongation test 1 29%
Elongation Gage Lgth test 1 8IN

THIS MATERIAL IS FULLY KILLED, 100% MELTED AND MANUFACTURED IN THE USA, WITH NO WELD REFAIR OR MERCURY CONTAMINATION N THE PROCESS.

REMARKS :

10/02/2009 20:07:59
Page 1 OF 1




BLRA466

ROLD NAMASCO CORP
1O 500 COLONIAL CENTER PKWY

™NMLIKCOR
NUCOR CORPORATION

CERTIFIED MILE TEST REPORT Page: 2
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Hamasco

BL - 3674880

11212011 04:12

Load - 1110207

Hoat . JW1110866801

Order-Line - G5T0700/6

3ETH

- Brazos Industries Inc

. Cust. PO -

Server

" Fax

47004

8 AM PAGE

5

e

772

1671

Hucer Staeesl

STE 500 NUCOR STEEL TEXAS
ROSWELL, GA 30076- Skl Ko
MRuzar Steal - Texas

SHiP L‘I‘EMMSCO . 812 Hwy 70W Nale: 14.0c-2014
To: SOUTH LOOI-.d‘- JEWETT, TX 75046 B.l. Number: 585708

BUDA, TX 78810- BOO-62T-6445 t.oad Number: 198747

Wdatarisl Safsty Dats Snests are avalisble et vww nucorbar.com or by contacling yeur Niside swes representafive. NEHG-12 aner, & E11
PHYSICAL TESTS CHEMICAL TESTS
HEAT NUM. * “NSILE § ELONG P c P s s o
o Trosiel fow | oo W3] 71T 7T o7 s Teu ] ce

Nuont Steel - Taxas

ASTM AB29/ABZaM-05 GR BB
COMZLIES WITH DIN b

Nucor Steel - Tekas

PCh = 63812681
JW1 10868601
3410 Flat
200 AS29 GisE
POk => GIA968
JW1110868601
x0T Fit
20" £529 G158

ASTM AS28/A52014-06 GR b5

QOMPLIES WITH DIN

58.900 76,500  29.0%
405MPa  527MPa
58,200 76000  19.0%

A0TIMIPe 524MPa

3.1E & EN 2{204-3.2

R3.900 76500 21.0%
4C6MPa 527MPa
58,200 78000 15.0%

AQTMPa 524MPa
3.IE & BN L0204-3.1

R3]

2
cBY
Q.040

A
12
CBY

1.06 018 038
AT 034 03
CEAS2G MN/C
0.40 08.64

106 018 039
A7 34 003
CEAS28 MNIC
.40 0%.64

20 =3
032

Tova veowkeclaed Lo sssusdascy wizh
i sebisllums inses upuiraveste.

i
bt

Hather Sfewsrt
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~ BLR466

BL - 3681309

Load - 1168331

02142012 12:03

Heat - C017163

Order-Line - 7140964 /5

: Brazos Industries inc

" Cust. PO -

SULET Tha 1300

D STITO4TT Paged ot 3t

Neme Gordou « TanpaOMfice P 1-090-57-0280

Page 7 of 10
Chemical and Physical Test Report
MADE iN UNITED STATES C-563056

S8P Y0 INVOICE 1O SHP DATE

HAMASCO GORP NAMASCO COfP mnznz

SOUTHLOOP 4, EXIT 217 “*ACCTS PAYABLE™

§12.472-5533 500 OQLONIAL CENTER PKWY 5-500 CUST. ACCOUNT NO

mox ¢ 78610 ROSWELL, GA 30076 I 19363
PHOIHJC‘ED IN: CHARLOTTE

SHAPE 1 SUE amms [ SPECIFICATION [SAZESORDER | CUST PLO.NUMBER

- I - | ASTIN ASE-08 AAGIME WE mmu.mnr ’ | Ehtiss 66 {daiazzring

I O

merrond
-

SR I TN TN U

:-i;::‘;: N ]Ii; ‘{W}Tﬂﬁi!—‘l'm oa mn mﬂl‘m :“nlchﬂ ; §

Wechondcl Ted: | Yeld S0CTT S, GEGMPA  Toiile: 72509 PGS, 4993 MPA ) 23080k, 20 S200MM  Fled I 64
Curstores Rodwmarys CASTING: STRAND CAST

CUST B NUWMBER: MBSBSO20AS
r—— s ——

Custorrer Notes
NO WELD BEPARMENT PEFFDAMED. STEEL NOT EXFOSED 10 MEHCUHY.

‘P matonial, nHuting e bibets, Witk mebied and mandamrod in he nisct THE ABOVE FERIHES ARE CERTIFED GHEMEKCAL ANL PHYSICAL | BT HECURDS AS COMFTAMED IN THE

Sialey f Amodce PERMANENT RECORDE OF COMPANY.
Bhasker Yalemanchili
28 Gl Ehretdot A.(‘, - ﬁ: Motaturiica Sorvices Mg
Gerdan 4 CHARLOTTE STEELMEL

Seltor warants that stmatedal lumiched shal comgly whh spedfications subjectio 3 pubistend remufecturing vadmtons. MO OTHER WARRANTIES, EXPRESSED OR TPLIED, AREMADE BY THE
SELLER, AND SPEGFIDALLY EXCLUDED ARE WARRANTIES OF MERCHANTABILITY AND FITNESS FORA PARTICULAR PLRPOSE.

hmmmahlmluhﬁueﬁvwﬁm’t unmupmi:l(v pniee camupts arisiog oul of o refated o the matedats furrished by solter
F v bs e der nof conviose 1o 9 st bo srode oen buyor 1o oofler inersediaioly aMor defiv ony of st order 1 allow he coller e o iy o dnpoc] $ el e

Asre £l
Aavy

RSSO,




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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Pzge 3
? 2
sotn SRMAS00 0008 ER Py il CERTIFIED MILL TEST REPORT
TO: STE 500 NUCOR CORFORATION . .
) ROSWELL, GA 30076- NUCOR STEEL TEXASR Ship frem:
RKucor Steel - Texas
8812 Hwy 79 W Date:  3-Feb2012
sHp B0 e JEWETT, TX 75646 BL. Number: 586310
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NAMASCO CORP NLUEOR ©1
S&I}-:D 500 COLOMIAL CENTER PKWY NUGON ConPORATIN CERTIFIED MILL TEST REPORT Page
STE 500 NUCCR STEEL TEXAS
ROSWELL, GA 30076- Ship from:
Nucor Steel - Texas
gup  NAMASGO BB12 Hwy 79 W Date: 7-Feb-2012
To: SOUTH LOOF 4 JEWETT, TX 75846 B.L. Number. 596570
BUDA, TX 78610- BOD-527-6445 Load Number: 205093
IMaterial Safety Data Sheels are available at wers nucorbar oom or by comsacting your inside sales mresertative. V-0 Jaruary 1,201%
Loty . PHYSICAL TESTS CHEMICAL TESTS
y = oty Rt - - :
HeaT » DESCRIPTION R Y o P P e A e S
PO = 425450
JA 111038701 Nuocor Stect - Texas 48300 68000 250% 15 76 w7 030 ™ .32 35
V11110387 38 1-1/2" Flat 333MPa 4690Pa 15 22 050 o0a g2
20" A3F 48500 68000 260%
ASTH A36/A36M-08, A7OATOSM-11  334MPa 459MPa
GR35, ASME SA36-07 Ed 11 Ad
PO# wx 5425459
JOI1210041501  Nuoor Stest - Texas 48,400 865200 26.0% 32 63 016 530 .20 36 25
M2100415  1/4x2-1/2" Flag 334MPa 450MPa Ra 4 036 002 002
207 ASE 48,400 66300  27.0%
ASTH ABG/AI6M-08, A7C/ATOIM-11  341MPa 457MPa
GR35, ASME SA36-07 Ed 11 Ad
PO# = 5425459
JW1210080501  Nucor Steel - Texas 50,100 88,300 250% i 70 008 030 21 33 -3
JWI2100605  1/dx1" Flat 345MPa 4710MFa 19 AT 054 g2 003
20° A36 50,600 68400 250%
ASTIA ABS/AZEM-08, AFIRATONME11  349MPa 472MP3
GR35, ASME SA36-07 Ed 11 Ad
PO# == 6‘425“59
Ji1210075601  Nucor Steel - Texas 53.500 71300 24.0% 11 B85 007 035 22 a3z
JA1 2100756 1-102x1-1/2x3/18 Angle 369MPa 492MFa 17 13 044 m2
20 A36/'AB28 GrEBD 54700 72400 27.0% AL CE40320 CEAS28 PB
ASTM A36-08, AB29-05, A709-09a G 377MPa 438MPa 0.000 032 036 0.0m
R 36, ASME SA360TEd 11 Ad
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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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CMC STEEL TEXAS
1 STEEL MILL DRIVE
SEGUIN TX 78165-7510

CERTIFIED MILL TEST REPORT
For additional copies call
830-372-8771

We hereby certify that the test results presented here

are accurate and conform to the reported grade specification

Daniel J. Schacht

CImC
Quality Assurance Manager
HEAT NO.:3028494 S | CMC Construction Sves College Stati § | CMC Construction Sves College Stati Delivery#: 80669347
SECTION: REBAR 16MM (#5) 20'0" 0 H BOL#: 70236513
420/60 L | 10650 State Hwy 30 | | 10650 Stata Hwy 30 CUST PO#: 5434V
GRADE: ASTM A615-09b Gr 420/60 | D | College Station TX P | College Station TX CUST P/N:
ROLL DATE: 11/18/2011 Us 77845-7950 US 77845-7950 DLVRY LBS / HEAT: 45990.000 LB
MELT DATE: 11/14/2011 T | 979 774 5900 T | 979 774 5900 DLVRY PCS / HEAT: 2205 EA
o] (o]
Characteristic  Value Characteristic Value Characteristic  Value
C 0.38%
Mn 1.00%
P 0.015%
5  0.030%
Sii 0.22%
Cu 0.33%
Cr 0.21%
Ni  0.19%
Mo 0.088%
vV  0.003%
Cb 0.001%
Sn  0.013%
Al 0.002%
Yield Strength test 1 68.3ksi
Tensile Strength test 1 108.1ksi
Elongation test 1 15%
Elongation Gage Lgth test 1 8IN
Bend Test Diameter 2.188IN
Bend Test 1  Passed

THIS MATERIAL IS FULLY KILLED, 100% MELTED AND MANUFACTURED IN THE USA, WITH NO WELD REPAIR OR MERCURY CONTAMINATION IN THE PROCESS.

REMARKS :

01/17/2012 21:56:23

Page 1 OF 1
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CMC STEEL TEXAS
1 STEEL MILL DRIVE
SEGUIN TX 78155-7510

CERTIFIED MILL TEST REPORT
Far additional copies call
830-372-87711

We hereby certify that the test results presented here

are accurate and conform to the reported grade specification

Daniel 1. Schacht

Quality Assurance Manager

HEAT NO.:3029770 S | CMC Construction Sves College Stati S | CMC Construction Svcs College Stati Delivery#: 80681077
SECTION: REBAR 13MM (#4) 20'0" o H BOL#: 70240462
420/60 L | 10650 State Hwy 30 { | 10650 State Hwy 30 CUST PO#: 53534v
GRADE: ASTM A615-09b Gr 420/60 | D | College Station TX P | College Station TX CUST P/N:
ROLL DATE: 01/22/2012 US 77845-7950 uUs 77845-7950 DLVRY LBS / HEAT: 43820.000 LB
MELT DATE: 01/15/2012 T | 979 774 5900 T | 979 774 5900 DLVRY PCS / HEAT: 3280 EA
o (o]
Characteristic  Value Characteristic Value Characteristic  Value
C 0.45%
Mn 0.83%
P 0.009%
S 0.034%
Si 0.18%
Cu 0.41%
Cr 0.15%
Ni  0.22%
Mo 0.070%
vV  0.002%
Cb 0.002%
Sn  0.014%
Al 0.002%
Yield Strength test 1 65.7ksi
Tensile Strength test 1 102.8ksi
Elongation test 1 12%
Elongation Gage Lgthtest 1 8IN
Bend Test Diameter 1.750IN
Bend Test 1  Passed

THIS MATERIAL IS FULLY KILLED, 100% MELTED AND MANUFACTURED N THE USA, WITH NO WELD REFAIR OR MERCURY CONTAMINATION IN THE PROCESS.

REMARKS :

02/02/2012 23:04:38

Page 1 OF 1







APPENDIX C. RESULTS FOR MASH TEST 3-10 (TEST NO. 490022-2).
Cl. 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: Kia Model: Rio
Tire Inflation Pressure: 30 psi Odometer: 133137 Tire Size: 175/65R14

Describe any damage to the vehicle prior to test:

ACCELEROMETERS
note:

® Denotes accelerometer location.

r\ C j ﬂ B
NOTES: / / - i
HEEL A < \ HEEL
A M 'VFVRACK \\\ VEHICLE 'VVVRACK N T
Engine Type: 4 cylinder — — | O 3
Engine CID: — — \ <
Transmission Type: TEST INERTIAL C-M.
X  Auto or Manual e PR
x_ FWD RW 4WD e
Optional Equipment: bl
0 t M
Dummy Data: J \
Type: 50" percentile male : "
Mass: 166 Ib H
Seat Position:  Front passenger L F - E » T
Geometry: inches c
A 62.50 F 32.00 K 12.00 P 3.25 U 15.50
B 56.12 G L 24.25 Q 22.50 \Y, 21.50
C 164.25 H 35.38 M 56.50 R 15.50 w 35.00
D 37.00 I 8.50 N 57.00 S 8.62 X 104.50
E 95.25 J 22.75 @) 28.00 T 63.00
Wheel Center Ht Front 10.75 Wheel Center Ht Rear 11.125
GVWR Ratings: Mass: Ib Curb Test Inertial Gross Static
Front 1691 Mront 1521 1528 1610
Back 1559 Mrear 852 903 987
Total 3250 Mrotal 2373 2431 2597
Allowable TIM = 2420 Ib +55 Ib | Allowable GSM = 2585 Ib + 55 Ib
Mass Distribution:
Ib LF: 790 RF: 738 LR: 458 RR: 445

TR No. 9-1002-12-2 79 2012-10-25



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.

TR No. 9-1002-12-2 80 2012-10-25



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 ) U DEFORMATION MEASUREMENT
Before After
G (inches) (inches)
0 N [= Al 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
é/ B3 39.25 40.25
- AL &AL B4 34.75 34.75
C1.C2.803 B5 35.00 35.00
@ o1 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 gcza 8.75 8.25
E1&E2
% 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.

TR No. 9-1002-12-2

2012-10-25



SEQUENTIAL PHOTOGRAPHS

Figure C1. Sequential Photographs for Test No. 490022-2
(Overhead and Rear Views).

TR No. 9-1002-12-2 82 2012-10-25



Figure C1. Sequential Photographs for Test No. 490022-2
(Overhead and Rear Views) (continued).

TR No. 9-1002-12-2 83 2012-10-25



(TR T
T[T IR
W e

FLUTLE

—_—

0.149 s

el 11111 TR 111111 O

o Wil
ik mlu ik

4
Ly =

—_—

0.038 s o 0.186 5

- i mm
-

0.223 s

0.112s 0.260 s
Figure C2. Sequential Photographs for Test No. 490022-2
(Rear of Bridge Rail View).
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b Test Number: 490022-2
o) Test Standard Test No.: MASH Test 3-10
8 -20 Test Article: TXDOT Picket Rail Bridge Rail
o Test Vehicle: 2005 Kia Rio
c 20 Inertial Mass: 2431 |b
< - \ Gross Mass: 2597 Ib
\ Impact Speed: 61.6 mph
-40 \ Impact Angle: 24.9 degrees
\
-50 ~—
-60
0 0.2 0.4 0.6 0.8 1.0 1.2 14
Time (s)
Axes are vehicle-fixed.
. Sequence for determining

Roll, Pitch, and Yaw Angles

1. Yaw.
2. Pitch.
3. Raoll

Figure C3. Vehicle Angular Displacements for Test No. 490022-2.
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Longitudinal Acceleration (G)

X Acceleration at CG

10
0 | {\uhm Apasin, o A A b o ADSASA DA N a1l AP AL DA LA SAADAN 4 (11NN A YOV, . VN, O V. VN A VW0 V|
\} f]v UVVV VWTV‘V’VV"‘VT}‘V—V‘\TT AAVAYS \rv'v"\l*"v RAVAVERSY) v \‘/ \/V V™ v AVAZRTAed v % AAR A AAY v v v
-10 ﬂ J
| Test Number: 490022-2
-20 V Test Standard Test No.: MASH Test 3-10
Test Article: TXDOT Picket Rail Bridge Rail
Test Vehicle: 2005 Kia Rio
Inertial Mass: 2431 |b
-30 Gross Mass: 2597 Ib
Impact Speed: 61.6 mph
Impact Angle: 24.9 degrees
-40
0 0.2 0.4 0.6 0.8 1.0 1.2 14 16
Time (s)
—— Time of OIV (0.0742 sec) —— SAE Class 60 Filter —— 50-msec awerage

Figure C4. Vehicle Longitudinal Accelerometer Trace for Test No. 490022-2

(Accelerometer Located at Center of Gravity).
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Y Acceleration at CG

AP, JJ\!\AA.. Amop A Iy A aa A ANANA NN, aam A A M ANMN Al A A anennn

AN
o

Lateral Acceleration (G)
W N
o o

Test Number: 490022-2
Test Standard Test No.: MASH Test 3-10

Test Article: TXDOT Picket Rail Bridge Rail
Test Vehicle: 2005 Kia Rio

Inertial Mass: 2431 1b

Gross Mass: 2597 Ib

-40
” Impact Speed: 61.6 mph
Impact Angle: 24.9 degrees
-50 ‘ ‘ ‘
0 0.2 0.4 0.6 0.8 1.0 1.2 14
Time (s)
—— Time of OIV (0.0742 sec) —— SAE Class 60 Filter —— 50-msec average

Figure C5. Vehicle Lateral Accelerometer Trace for Test No. 490022-2
(Accelerometer Located at Center of Gravity).
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Vertical Acceleration (G)

Z Acceleration at CG

15

10

body e WA e A MAM_A‘ML MAAJ\H 7 A/\ALMJ_AALVA A s A

-10

-15

-20

v UV”VW U"UUV v Wm VY Vol Wt

Test Number: 490022-2
Test Standard Test No.: MASH Test 3-10
Test Article: TXDOT Picket Rail Bridge Rail

Test Vehicle: 2005 Kia Rio
Inertial Mass: 2431 |b
Gross Mass: 2597 Ib

Impact Speed: 61.6 mph
Impact Angle: 24.9 degrees

0.2

0.4

0.6 0.8 10 12 14
Time (s)

—— SAE Class 60 Filter

— 50-msec average

Figure C6. Vehicle Vertical Accelerometer Trace for Test No. 490022-2

(Accelerometer Located at Center of Gravity).
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Longitudinal Acceleration (G)

X Acceleration Rear of CG

10
G /\mﬁﬂaﬂﬂvﬂﬁ A s pon A0 fa A ah D PNV, W N /\AA/\_—BV_AI\ 2 VY BT SPPRY A" W Y W Y Anchlr
U"V’VV T v e Ve TRV AR VA S AS Y oo

-10 \
Test Number: 490022-2

-20 U Test Standard Test No.: MASH Test 3-10
Test Article: TXDOT Picket Rail Bridge Rail
Test Vehicle: 2005 Kia Rio
Inertial Mass: 2431 |b

-30 Gross Mass: 2597 Ib
Impact Speed: 61.6 mph
Impact Angle: 24.9 degrees

-40

0 0.2 0.4 0.6 0.8 1.0 1.2
Time (s)

—— SAE Class 60 Filter

— 50-msec average

Figure C7. Vehicle Longitudinal Accelerometer Trace for Test No. 490022-2
(Accelerometer Located Rear of Center of Gravity).
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10

Y Acceleration Rear of CG

AN
o

Lateral Acceleration (G)
W N
o o

-40

-50

Test Number: 490022-2

Test Vehicle: 2005 Kia Rio
Inertial Mass: 2431 |b
Gross Mass: 2597 Ib

| Impact Speed: 61.6 mph
Impact Angle: 24.9 degrees

Test Standard Test No.: MASH Test 3-10
Test Article: TXDOT Picket Rail Bridge Rail

0.2 0.4 0.6 0.8 1.0 1.2
Time (s)

—— SAE Class 60 Filter — 50-msec average

Figure C8. Vehicle Lateral Accelerometer Trace for Test No. 490022-2
(Accelerometer Located Rear of Center of Gravity).
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Vertical Acceleration (G)

Z Acceleration Rear of CG

20
Test Number: 490022-2
Test Standard Test No.: MASH Test 3-10
Test Article: TXDOT Picket Rail Bridge Rail
Test Vehicle: 2005 Kia Rio
10 Inertial Mass: 2431 Ib -

—

Gross Mass: 2597 Ib
Impact Speed: 61.6 mph
Impact Angle: 24.9 degrees

}\W/ R

Mﬁwm sad e Lo AR ANLAA AL g g
NWWWWW VTR

oA ANAAA AN AN N

AN
o

-205 0.5 1.0

Time (s)

—— SAE Class 60 Filter —— 50-msec awerage

15

Figure C9. Vehicle Vertical Accelerometer Trace for Test No. 490022-2
(Accelerometer Located Rear of Center of Gravity).
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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:

0 X

® Denotes accelerometer location.

. Ggﬂi

NOTES: L !

M ¥ — e | * s\

Engine Type: A \ T

Engine CID: | - 1T — \

Transmission Type: e e e

X Auto or Manual N
X FWD RW 4WD - /{—7 /
Optional Equipment: ) — / .
77 1 ‘ = o
] ! ‘ ‘ P ?

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 E 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 Vv 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 o] 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 Méront 2852 2821
Back 3900 Mrear 2166 2197
Total 6700 Mrota 5018 5018
(Allowable Range for TIM and GSM = 5000 Ib +110 Ib)

Mass Distribution:

Ib LF: 1430 ~ RF_ 1391 =~ LRt 1058 ~ RR:_ 1139

TR No. 9-1002-12-2 93 2012-10-25



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 +4 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 Al 64.50 64.50
: A2 64.50 64.50
Ll D= 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
( 825 E1 63.00 62.50
B1,4 | 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
dl;iil/teerr’glsail(rjeeak?(;(rggietrteocp?;sggr%er’s side kickpanel. J* 63.25 60.50

TR No. 9-1002-12-2 96 2012-10-25



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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Roll, Pitch, and Yaw Angles

'€d

Test Number: 490022-3
Test Standard Test No.: MASH Test 3-11

Test Article: TXDOT Picket Rail Bridge Rail
Test Vehicle: 2006 Dodge Ram 1500 Pickup
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Figure D3. Vehicle Angular Displacements for Test No. 490022-3.
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Test Number: 490022-3

Test Standard Test No.: MASH Test 3-11
Test Article: TXDOT Picket Rail Bridge Rail
Test Vehicle: 2006 Dodge Ram 1500 Pickup
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Impact Speed: 61.6 mph
Impact Angle: 24.2 degrees
-15
0 0.2 0.4 0.6 0.8 1.0 12 14
Time (s)
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Figure D4. Vehicle Longitudinal Accelerometer Trace for Test No. 490022-3
(Accelerometer Located at Center of Gravity).
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Test Number: 490022-3

Test Standard Test No.: MASH Test 3-11
Test Article: TXDOT Picket Rail Bridge Rail
Test Vehicle: 2006 Dodge Ram 1500 Pickup
Inertial Mass: 5018 Ib

Impact Speed: 61.6 mph

Impact Angle: 24.2 degrees
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Figure D6. Vehicle Vertical Accelerometer Trace for Test No. 490022-3
(Accelerometer Located at Center of Gravity).
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X Acceleration Rear of CG

Test Number: 490022-3

Test Standard Test No.: MASH Test 3-11
Test Article: TXDOT Picket Rail Bridge Rail
Test Vehicle: 2006 Dodge Ram 1500 Pickup
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Figure D7. Vehicle Longitudinal Accelerometer Trace for Test No. 490022-3
(Accelerometer Located Rear of Center of Gravity).

UV {\/\AJ\‘-IA—»J\'XA Aﬂﬂ AI\_MMMM M/\ AA/\W\]/_\JT/\A A AN /\/\V/\VVI\/\
il w LR 1
l
0 0.2 0.4 0.6 0.8 1.0 1.2 14
Time (s)
—— SAE Class 60 Filter — 50-msec average

16



¢-C1-2001-6 ON ¥.L

SOl

§C-01-210¢

Lateral Acceleration (G)

Y Acceleration Rear of CG

10
0 A\ ,.A\\AM/\A/\A I\.A)K A D\ P ALPM Mt “inet
w v Vo 'AR v M W V7

-10 U
Test Number: 490022-3
Test Standard Test No.: MASH Test 3-11
Test Article: TXDOT Picket Rail Bridge Rail

-201 Test Vehicle: 2006 Dodge Ram 1500 Pickup
Inertial Mass: 5018 Ib
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Figure D8. Vehicle Lateral Accelerometer Trace for Test No. 490022-3
(Accelerometer Located Rear of Center of Gravity).
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Test Number: 490022-3

Test Standard Test No.. MASH Test 3-11
Test Article: TXDOT Picket Rail Bridge Rail
Test Vehicle: 2006 Dodge Ram 1500 Pickup

Inertial Mass: 5018 Ib
Impact Speed: 61.6 mph
Impact Angle: 24.2 degrees
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Figure D9. Vehicle Vertical Accelerometer Trace for Test No. 490022-3

(Accelerometer Located Rear of Center of Gravity).
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