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1. INTRODUCTION

11 PROBLEM

In 2008, Texas A&M Transportation Institute (TTI) develop a pinned-down F-shape
temporary concrete barrier system that provides limited lateral deflection (less than 6 inches) and
can be used for bridge or roadway applications. The design was developed for use on concrete
pavements or bridge decks as thin as seven inches. When this pinned-down barrier is used on a
road or bridge project, it is sometimes desired to install it adjacent to a permanent concrete
barrier. A transition design from the pinned-down anchored precast concrete barrier to a
permanent concrete barrier is needed to allow smooth redirection of impacting vehicle in this
region.

1.2 BACKGROUND

In 2008, TTI developed a restrained F-shape temporary concrete barrier design that was
easy to install and minimized damage to bridge decks or concrete pavements (1). This restraint
mechanism was developed for use on concrete bridge decks and pavements. It used 1.5-inch
diameter steel pins that were dropped into inclined holes cast in the toe of the barrier segments.
The pins passed through the holes in the barrier and continued a short distance into the
underlying concrete pavement, thus locking the barrier in place. The pinned-down barrier
successfully passed the National Cooperative Highway Research Program (NCHRP) Report 350
Test Level 3 requirements (2). The maximum permanent and dynamic barrier deflections were
5.76 inches and 11.52 inches, respectively. There was no significant damage to the underlying
concrete pavement. The design has now been adopted by some of the participating pooled-fund
states and there is a desire to develop a transition for using the pinned-down barrier with a rigid
concrete barrier.

Among other anchored concrete barrier designs, Midwest Roadside Safety Facility
(MwRSF) has developed a design for the F-shape temporary concrete barrier along with various
transition details. In 2003, MwRSF developed a concrete bridge deck tie-down system for 12.5 ft
long, F-shape Kansas temporary barriers (3). Three anchor bolts were passed through the holes in
the barrier and fastened to the bridge deck on the traffic side of the barrier. The maximum static
and dynamic deflections were 3.5 inches and 11.3 inches, respectively. Later on in 2005,
MwRSF developed an NCHRP Report 350 compliant tie down design for 12.5-ft long temporary
concrete barriers with pin-and-loop type connection for use on asphalt pavements that are at least
two inches thick (4). The barrier was installed at a 6-inch lateral offset from the edge of a ditch.
This tie-down system used three 1.5-inch diameter steel pins that were driven down vertically
through holes cast in each barrier segment. The pins were 3-ft long and pinned the barrier to the
underlying asphalt ground. The maximum static and dynamic deflections in the test were 11.1
inches and 21.8 inches, respectively.

In the same study, MwRSF developed a transition from the free-standing 12.5-ft long
temporary concrete barrier to the anchored temporary concrete barrier design developed earlier
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in 2003. The transition section comprised of four 12.5-ft long barrier segments in which steel
pins were driven in through the holes in the barrier. The number of pins in the transition barrier
segments was gradually reduced to transition from the anchored to the free standing barrier.
Barrier segments in the transition section of this design were placed on a 2-inch thick asphalt
layer. The barrier was installed at a 6 inch lateral offset from the edge of a ditch. The maximum
static and dynamic deflections in the test were 5.25 inches and 18.39 inches, respectively.

And more recently in 2009, MwRSF developed a transition design for attaching free-
standing F-shape barrier to the rigid concrete barrier (5). This design employs the anchored
barrier section developed by MwRSEF earlier in 2005 and an intermediate section to transition
from the free-standing to the rigid barriers. At one end the anchored barrier segments connect to
the free-standing barrier, and at other end they connect to a rigid concrete barrier. A 42-inch tall
single slope barrier was used as the rigid barrier system. The number of pins in the anchored
barrier segments was varied to gradually increase the lateral restraint of the barrier over four
12.5-ft long segments. The anchored barrier segments were placed on a 3-inch thick asphalt pad.
To reduce snagging of the vehicle while transitioning from the anchored barrier to the rigid
barrier, a nested 12-guage thrie beam section was used. The rail segment was attached to the
traffic and field side faces of the rigid and anchored barrier segments.

In 1999, California Department of Transportation (Caltrans) developed a pinning/staking
configuration for its 20-ft long, NJ profile concrete barriers connected with a pin-and-loop type
connection (6). The configuration met NCHRP Report 350 evaluation criteria and consisted of
four 1-inch diameter pins that were driven 16.5 inches vertically into the underlying asphalt
pavement. Each barrier segment was pinned at its four corners. The barrier was tested in a
median configuration and there was no ditch or slope behind the barrier. The maximum static
and dynamic deflections of the system were 2.75 inches and 10 inches, respectively.

1.3  OBJECTIVES/SCOPE OF RESEARCH

The objective of this research was to develop and crash test a transition barrier design
that can be used to transition from the pinned-down F-shape temporary concrete barrier placed
on concrete to a permanent concrete barrier. The transition was to be developed for American
Association of State Highway and Transportation Officials Manual for Assessment of Safety
Hardware (MASH) test level 3 criteria, using the existing pinned-down F-shape temporary
concrete barrier design to the extent possible (7).

At the start of this research, the researchers evaluated rigid concrete barrier systems used
by the participating pooled-fund states to select a rigid barrier design that is most critical with
respect to the potential for vehicle snagging and instability during redirection in the transition
region. The researchers then developed a conceptual design of the transition from the pinned-
down F-shape concrete barrier to the selected rigid concrete barrier. The researchers then
developed a full-scale finite element model of the transition concept and performed vehicle
impact simulations according to MASH test level 3 impact conditions. The results of the
simulation analysis were used to make necessary changes to the transition design and arrive at
the final design. The researchers then built a prototype of the transition system and performed a
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full-scale crash test to demonstrate the acceptable performance of the transition design under
MAGSH test level 3 conditions.

Details of the conceptual design and finite element analysis are presented in chapter 2.
Relevant crash testing criteria, details of the test installation, details of crash test performed, and
crash test results and evaluation using MASH test level 3 criteria are presented in chapter 3 and
onwards.
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2. DESIGN AND ANALYSIS?
2.1 RIGID BARRIER SELECTION

With many states participating in this pooled fund-project, and each state having various
rigid concrete barrier designs, the researchers started the project by evaluating rigid barrier
designs of all participating states. The evaluation was conducted to select a rigid barrier design
that was deemed most critical with respect to the potential for vehicle snagging and instability
during redirection in the transition region. The transition design was to be developed for the
selected worse case rigid barrier system. A transition design that performs successfully with the
selected rigid barrier can then be used for other rigid barrier designs with minor modifications in
most cases.

In reviewing the existing rigid barrier designs of the participating states, the researchers
compared the profiles of the rigid barriers with the F-shape pinned-down temporary concrete
barrier. Each barrier profile was aligned with the F-shape profile in a way that minimized the
snagging potential between the two profiles (i.e. the barriers were aligned as they would be
placed in the field). Once aligned, the researchers calculated and compared the points of
maximum discrepancies in the barrier profiles, which have the potential to cause vehicle
snagging during redirection after vehicle impact. The researchers determined that the 42-inch
tall single slope concrete barrier presents the greatest potential for snagging if used in the
transition design (see figure 2.1). The use of the 42-inch single slope rigid concrete barrier was
approved in the annual meeting of the pool fund states. The complete list of profiles considered
in the evaluation and their comparisons with the F-shape profile are presented in appendix A.

10.000"

Traffic
Side

1.577"

Figure 2.1. Comparison of the 42-inch tall single slope barrier profile with the 32-inch tall
F-shape profile.

"TTI Proving Ground’s A2LA scope of accreditation does not include permanent barrier selection and transition
design using simulation analysis.
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Having selected the rigid barrier system, the researchers developed a transition concept
for transitioning from the pinned-down F-shape temporary concrete barrier placed on concrete to
the 42-inch tall rigid single slope barrier. Two variations of the transition concept are shown in
figure 2.1. In both variations, the F-shape temporary concrete barrier was to be anchored to
concrete using steel pins dropped into inclined holes in the toe of the barrier. These pins
continue a short distance into the underlying concrete pavement, and thus lock the barrier in
place. The transition section was comprised of the same 12.5-ft long F-shape barrier segment
with two 1-1/2-inch diameter steel pins as the existing pinned-down barrier system. To
accommodate the 10-inch difference in barrier height while transitioning from the 32-inch tall F-
shape barrier to the 42-inch tall single slope barrier, a cap with a tapered profile was bolted to the
top of the F-shape and the single slope barriers, as shown in figure 2.

In the first variation of the concept, a nested thrie beam cover was bolted to the F-shape
concrete barrier segment and the rigid single slope barrier using the standard thrie beam end
shoes. This cover was intended to provide a smoother transitioning surface during the change in
the barrier profiles from F-shape to single slope. It was also used to establish a connection
between the rigid and the pinned-down barriers.

The researchers were to perform full scale vehicle impact simulation with this first
variation of the transition concept. If the results of the simulation analysis showed that the
nested thrie beam cover on the traffic side is not enough to provide a smooth lateral stiffness
variation over the length of the transition, an additional thrie beam cover was to be added to the
field side of the barriers, as shown in the second variation of the transition concepts (see
figure 2.2b).

The transition concept developed is very similar to the design previously developed and
crash tested by Midwest Roadside Safety Facility (MwRSF) (4). The MwRSF's transition was
developed to transition from free standing F-shape barrier to a 42-inch tall rigid single slope
barrier. The transition barrier segments in this design were pinned over asphalt, which makes the
design problem very similar to this research problem. However, the MwRSF design was
developed for a median application, whereas in this project, the transition is being developed for
use in roadside or bridge rail applications. Furthermore, the temporary barrier in MwRSF's case
was placed on asphalt whereas it is placed on concrete in this project.

Having developed the transition concepts, the researchers developed a detailed finite
element model of the first transition concept. The model was developed with the nested thrie
beam cover on the traffic side only. The researchers performed MASH test level 3 impact
simulation using a 2270P pickup truck vehicle model. The simulation evaluated impact
conditions of test 3-21 of MASH, which is an impact of a 5000-1b pickup truck at a speed of 62.2
mi/h and an angle of 25 degrees. The impact point in the simulation was 4.3 ft upstream of the
joint between the anchored and the rigid barrier systems. This impact point was selected based
on guidance provided in Table 2.6 of MASH. This is the recommended distance for testing
upstream of the joint in a rigid barrier system that has the highest potential for vehicle snagging.
Since the greatest variation in the stiffness of the barrier exists at the joint between the anchored
and the rigid barrier, along with the change in barrier profiles, it is believed that the
recommended 4.3 ft upstream of this joint is the appropriate critical impact point (CIP) for this
design. The finite element model and the results of the impact simulation are shown in figure 2.3.
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(a) First variation (thrie beam on traffic face only).

(b) Second variation (thrie beam on traffic and field sides)

Figure 2.2. Transition design concepts.

Simulation results indicated that the vehicle is successfully contained and redirected after
the impact. Based on the results of the simulation, it was anticipated that the transition concept
with nested thrie beams attached only to the traffic side of the barrier is sufficient for redirecting
the vehicle. Also based on the simulation results, the researchers added a steel strap on the field
side of the barrier to provide additional resistance to lateral roll and sliding of the pinned F-shape
barrier segment adjacent to the rigid single slope barrier. This strap is expected to provide a
smoother transition to the impacting vehicle and the design details are presented in the next
chapter under Test Article Design and Construction.
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Figure 2.3. Finite element model and results of the MASH test 3-21 impact simulation.
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3. SYSTEM DETAILS

3.1 TEST ARTICLE DESIGN AND CONSTRUCTION

The overall length of the test installation was 104 ft-6 inches. The installation was
comprised of seven 12 ft-6 inch long precast concrete barrier segments that were 32 inches tall
and had the standard “F” profile. The precast segments were anchored to the underlying
concrete pavement using two 1-1/2-inch diameter steel pins per barrier segment. The
downstream end of the precast concrete barrier installation was connected to a 16 ft long and 42
inches tall permanent single slope concrete barrier with an 11-degree slope of the barrier’s
traffic-side face.

The precast concrete barrier segments were 32 inches tall, 24 inches wide at the base, and
9-1/2 inches wide at the top. Horizontal barrier reinforcement consisted of eight #4 bars spaced
along the height of the barrier within the vertical reinforcement. Vertical barrier reinforcement
consisted of rebar stirrups of #4 bars spaced 18 inches on centers. These vertical bars were bent
to conform to the F-shape barrier profile and to provide sufficient concrete cover for the faces of
the barrier and the drainage scupper at the base of the barrier. For the last two vertical stirrup
bars adjacent to the ends of the barrier segments, the spacing was reduced to 17-7/8 inches and
7-7/8 inches, respectively.

Adjacent precast barrier segments were connected using a pin-and-loop type connection.
The loops were made of 0.75-inch diameter round stock steel. The outer diameter of the loops
was 3.5 inches and they extended 2 inches outside the end of the barrier segment. The barrier
connection was comprised of two sets of three loops. When installed, the distance between
adjacent barrier segments was 1/4 inch. A 1-inch diameter, 30-inch long connecting pin was
inserted between the loops to establish the connection. A 2-inch diameter and 1/4-inch thick
washer was welded 3/4 inch from the top of the connecting pin. The pin was held in place by
resting the washer on insets built into the faces of adjacent barriers.

Three 1-7/8-inch wide and 4-inch long slotted holes, inclined 40 degrees from the
ground, were cast into the toe of each precast barrier segment. These slotted holes started from
the traffic face of the barrier and exited near its bottom centerline. Two of the slotted holes were
positioned 16 inches away from each end of the barrier segment and were used for anchoring the
barrier to the underlying concrete pavement. The third slotted hole was positioned in the middle
of the barrier segment, but was not used for anchoring.

Once the precast barrier segments were positioned in place, the slotted holes near each
end of the portable concrete barrier segment were used as a guide to drill a hole in the underlying
concrete pavement. These holes were drilled using a 1-3/4-inch diameter drill bit. After the
holes were drilled, a 1-1/2-inch diameter, 21-3/8-inch long anchoring pin was passed through
each of the slotted holes in the barrier (except the middle slots) and into the concrete pavement.
Thus, each barrier segment was anchored to the ground with two pins. The top of each
anchoring pin had a ’2-inch thick, 4-inch % 4-inch ASTM A36 steel plate cover welded to it. The
plate covers were welded at a 5-degree angle from the vertical so that they matched the profile of

TR No. 405160-34-1 9 2012-11-27



the barrier’s toe when installed. The concrete pavement underneath the pavement was
unreinforced and was nominally eight inches thick.

Inside the F-shape barrier segments, a 22-inch long U-shaped #4 bar was diagonally
placed at the location of each slotted hole. The U-shaped bar circumvented the slot to reinforce
the concrete around it and to resist pullout of the anchoring pin in the event of concrete failure in
the vicinity of the slotted hole.

The connection loops on the downstream end of the F-shape barrier segment placed
adjacent to the permanent single slope barrier were cut off. This allowed placing the pinned-
down F-shape barrier segment flush to the rigid single slope barrier. The connection between the
F-shape barrier and the single slope barrier was established using nested 12-gauge thrie beam
guardrails. At one end, the nested thrie beam guardrails were connected to the traffic-side face of
the F-shape barrier segment, and at the other end, the guardrails were connected to the traffic-
side face of the single slope barrier. The connection to the barrier was made using a 10 gauge
thrie beam end-shoe and five 7/8-inch diameter, ASTM A325 bolts that passed through the
cross-section of the barrier and were fastened using heavy hex nuts on the field side of the
barriers. One of the through-bolts for the end-shoe attached to the single slope barrier could not
be fastened with a nut in the test installation. Absence of this hex nut did not have any effect on
the performance of the transition.

On the field side of the barriers, a 1/4-inch thick and 16.33 ft long ASTM A36 steel plate
was fastened to barriers using the top two through-bolts used to connect the thrie beam end-
shoes. An 8-inch x 8-inch x 2-1/2-inch wood block spacer was attached to the 1/4-inch steel
plate near the end of the pinned-down F-shape segment placed adjacent to the single slope
barrier. The wood block spacer was attached to the steel plate using a 5/8-inch diameter carriage
bolt that was bolted with a hex nut on the field side of the steel plate. The 1/4-inch steel plate
and the wood spacer were used to reduce slack near the top of the F-shape and the single slope
barrier profiles, thus providing additional resistance to the lateral roll of the pinned-down F-
shape barrier during vehicle redirection.

A transition cap made of 1/8 inch thick ASTM A36 steel was attached to the top of the F-
shape and single slope barriers. The transition cap ramped 10 inches over a length of 48 inches
to transition from the 32-inch tall F-shape barrier to the 42-inch tall single slope barrier. The
transition cap was reinforced using five stiffener plates that were also 1/8 inch thick. At each
end, the cap was bolted to the top of the F-shape and the single slope barriers using two 1/2-inch
diameter Hilti HAS adhesive anchors. The adhesive anchors were installed using Hilti HIT500
epoxy and had a 4-1/2-inch embedment.

The 42-inch tall permanent single slope barrier was 16 ft long, 24 inches wide at the base,
and 8 inches wide at the top. The barrier had an 11-degree slope of the traffic and field sides.
The barrier was reinforced using 16 #4 lateral stirrup bars that were bent to conform to the
profile of the barrier and provide a 2-inch concrete cover. The lateral stirrups were spaced
12 inches apart along the length of the single slope barrier. The longitudinal reinforcement of the
single slope barrier was comprised of ten #5 bars that were placed inside the lateral stirrup and
spaced vertically along the height of the barrier. The barrier was cast over a reinforced concrete
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foundation that was 48 inches wide and 8 inches deep. At the location of each lateral stirrup in
the single slope barrier, an L-shaped #6 bar was placed inside the concrete foundation with the
longer leg raised upwards into the single slope barrier. The shorter leg of L-shaped bar was
placed 2 inches above the bottom of the concrete foundation. At the location of each L-shaped
bar, a 44-inch long #4 bar was placed laterally. The 44-inch bars were placed 2 inches above the
bottom of the concrete foundation. The longitudinal reinforcement of the concrete foundation
was comprised of four #4 bars that were 15 ft-9 inches long and were spaced 12 inches apart.
The concrete foundation was connected to the surrounding unreinforced concrete apron using
eight #5 bars that were 12 inches long. The #5 bars were installed in the surrounding concrete
with a minimum 5-5/8-inch embedment using Hilti HIT 150 epoxy. These bars were placed at a
height of 5 inches from the bottom of the concrete foundation.

The F-shape temporary concrete barrier segments used in the test installation were
donated by WASKEY. The drawing and photos of the test installation are shown in figures 3.1
and 3.2, respectively. Detailed drawings of the test installation are presented in appendix B.

3.2 MATERIAL SPECIFICATIONS

The specified compressive strength of the concrete for the single slope barrier and the
concrete foundation was 3000 psi. The compressive strength on the day of testing was 3602 psi
for the deck at 10 days of age and 4024 psi for the parapet at 8 days of age. Results of the tests
performed to determine the compressive strength are shown in appendix C.

All rebar reinforcement was grade 60 steel material. The loops for the connecting pin,
the anchoring pins, and the washers welded on top of the anchoring pins were A36 steel. The
connecting pin between adjacent barrier segments was A572 grade 50 steel. Certifications for
different materials used are included in appendix D.
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Figure 3.1. Layout of the transition design for anchored temporary barrier to rigid concrete barrier.
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Figure 3.2. Transition design for anchored temporary barrier to rigid concrete barrier
prior to testing.
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4. TEST REQUIREMENTS AND EVALUATION CRITERIA

4.1 CRASH TEST MATRIX

According to MASH, two tests are recommended to evaluate transitions to test level three
(TL-3).

MASH Test Designation 3-20: A 2425-Ib vehicle impacting the critical impact
point (CIP) of the transition 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.

MASH Test Designation 3-21: A 5000-1b pickup truck impacting the CIP of the
transition 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.

Test reported herein corresponds to MASH test 3-21. This test was deemed sufficient to
evaluate the impact performance of the transition. It was argued that the test with the smaller
2425-1b was not needed. Due to higher impact energy and a higher vehicle CG, the test with the
5000-Ib pickup truck will result in greater potential for snagging and vehicular instability. The
transition design is not expected to cause any underside when impacted by the small passenger
car. Similarly, the lighter passenger car is not expected to cause any significant movement of the
pinned-down barriers that can increase the potential for vehicle snagging or pocketing. Thus,
only test 3-21 was conducted.

The target CIP for test 3-21 was determined to be 51.6 inches upstream of the joint
between the pinned-down F-shape barrier and the permanent single slope barrier. This impact
point was selected based on guidance provided in Table 2.6 of MASH. This is the recommended
distance for testing upstream of the joint in a rigid barrier system that has the highest potential
for vehicle snagging. Since the greatest variation in the stiffness of the barrier exists at the joint
between the pinned-down F-shape and the permanent single slope barrier, along with the change
in barrier profiles and heights, it is believed that the recommended 51.6 in. upstream of this joint
is the appropriate critical impact point (CIP) for this design.

The crash test and data analysis procedures were in accordance with guidelines presented
in MASH. Chapter 5 presents brief descriptions of these procedures.
42  EVALUATION CRITERIA

The crash test was evaluated in accordance with the criteria presented in MASH. The
performance of the transition design for anchored temporary barrier to rigid concrete barrier is

judged on the basis of three factors: structural adequacy, occupant risk, and post impact vehicle
trajectory. Structural adequacy is judged upon the ability of the transition design for anchored
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temporary barrier to rigid concrete barrier to contain and redirect the vehicle, or bring the vehicle
to a controlled stop in a predictable manner. Occupant risk criteria evaluates 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 test reported herein, and are listed in further detail under the assessment of the
crash test.
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5. TEST CONDITIONS

5.1  TEST FACILITY

The full-scale crash test reported herein was performed at Texas A&M Transportation
Institute (TTI) Proving Ground. TTI Proving Ground is 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 test facilities at the TTI Proving Ground consist of a 2000 acre complex of research
and training facilities situated 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 the installation of the transition
design for the pinned-down temporary barrier to the rigid concrete barrier is along the surface of
a wide out-of-service apron. The apron consists of an unreinforced jointed concrete pavement in
12.5 ft x 15 ft blocks nominally 8 inches deep. The apron is over 60 years old and the joints
have some displacement, but are otherwise flat and level.

5.2 VEHICLE TOW AND GUIDANCE SYSTEM

The test vehicle was towed into the test installation using a steel cable guidance and
reverse tow system. A steel cable for guiding the test vehicle 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.

53 DATA ACQUISITION SYSTEMS
5.3.1 Vehicle Instrumentation and Data Processing

The test vehicle was 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 produced by Diversified Technical Systems, Inc. The accelerometers, that
measure the X, y, and z axis of vehicle acceleration, are strain gauge type with linear millivolt
output proportional to acceleration. Angular rate sensors, measuring vehicle roll, pitch, and yaw
rates, are ultra small size, solid state units designs for crash test service. The TDAS Pro
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hardware and software conform to the latest SAE J211, Instrumentation for Impact Test. Each of
the 16 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 recorded, the
data are backed up inside the unit by internal batteries 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 raw data are then processed by the
Test Risk Assessment Program (TRAP) software to produce detailed reports of the test results.
Each of the TDAS Pro units are 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. Acceleration data is measured with an expanded
uncertainty of £1.7% at a confidence factor of 95% (k=2).

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. Rate of

rotation data is measured with an expanded uncertainty of +0.7% at a confidence factor of 95%
(k=2).

5.3.2 Anthropomorphic Dummy Instrumentation

Use of a dummy in the 2270P vehicle is optional according to MASH, and there was no
dummy used in the tests with the 2270P vehicle.

5.3.3 Photographic Instrumentation and Data Processing

Photographic coverage of the 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 the test.
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6. CRASH TEST 405160-34-1 (MASH TEST NO. 3-21)

6.1 TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS

MASH test 3-21 involves a 2270P vehicle weighing 5000 1b =110 Ib and impacting the
transition 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 51.6 inches upstream of the joint between the pinned-down F-shape
barrier and the permanent single slope barrier. The 2007 Dodge Ram 1500 pickup used in the
test weighed 5026 1b and the actual impact speed and angle were 62.8 mi/h and 25.7 degrees,
respectively. The actual impact point was 50.7 inches upstream of the joint. Target impact
severity (IS) was calculated to be 115.1 kips, and the actual IS was calculated at 124.6 kips.

6.2 TEST VEHICLE

The 2007 Dodge Ram 1500, shown in figures 6.1 and 6.2, was used for the crash test.
Test inertia weight of the vehicle was 5026 b, and its gross static weight was 5026 1b. The
height to the lower edge of the vehicle front bumper was 13.75 inches, and the height to the
upper edge of the front bumper was 25.38 inches. The height to the center of gravity was
28.5 inches. Additional dimensions and information of the vehicle are given in appendix E,
tables E1 and E2. 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 crash test was performed the morning of August 10, 2012. Weather conditions at the
time of testing were: Wind speed: 7 mi/h; wind direction: 240 degrees with respect to the
vehicle (vehicle was traveling in a northwesterly direction); temperature: 92°F; relative
humidity: 61 percent.

6.4 TEST DESCRIPTION

The 2007 Dodge Ram 1500, traveling at an impact speed of 62.8 mi/h, impacted the
transition 50.7 inches upstream of joint between the pinned-down F-shape and the permanent
single slope barrier at an impact angle of 25.7 degrees. At approximately 0.037 s, the transition
began to deflect towards the field side, and at 0.040 s, the vehicle began to redirect. The
transition reached maximum deflection of 20.2 inches at 0.079 s, and the rear of the vehicle
contacted the transition at 0.190 s. At 0.363 s, the vehicle lost contact with the transition and
was traveling at an exit speed and angle of 48.9 mi/h and 8.6 degrees. Brakes on the vehicle
were applied at 0.95 s, and the vehicle subsequently came to rest 196 ft downstream of impact
and 18 ft toward traffic lanes from the traffic face of the transition. Sequential photographs of
the test period are shown in appendix E, figure E1.
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Figure 6.1. Vehicle and installation geometrics for test 405160-34-1.
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Figure 6.2. Vehicle before test 405160-34-1.
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6.5 TEST ARTICLE AND COMPONENT DAMAGE

Damage to the transition for anchored temporary barrier to rigid concrete barrier is shown
in figures 6.3 and 6.4. The thrie beam guardrail element was deformed in the area of impact.
Movement at the joint between temporary barriers 6 and 7 was 0.75 inch toward the field side,
and the end of barrier 7 adjacent to the rigid concrete barrier moved 2.5 inches toward the field
side. The pin at the downstream end of barrier 7 adjacent to the rigid barrier was pulled up
2.5 inches. Vehicle penetration (formerly working width) was 8.9 inches. Maximum dynamic
deflection during the test was 5.7 inches.

6.6 TEST VEHICLE DAMAGE

Figure 6.5 shows damage to the 2270P vehicle. The left frame rail, left front upper and
lower A-arms, and left rear U-bolts were deformed. The drive shaft was pulled out of the
housing, and the rear axle was pushed rearward. Also damaged were the front bumper, hood,
grill, left front fender, left front tire and wheel rim, left front and rear doors, left exterior bed, left
rear tire and wheel rim, rear bumper, and the tail gate. The windshield sustained stress cracks at
the right lower corner. Maximum exterior crush to the vehicle was 17.0 inches in the side plane
at the left front corner at bumper height. Maximum occupant compartment deformation was
3.625 inches in the floor pan on the driver’s side. Photographs of the interior of the vehicle are
shown in figure 6.6. Exterior vehicle crush and occupant compartment measurements are shown
in appendix E, tables E3 and E4.

6.7 OCCUPANT RISK VALUES

Data from the accelerometer, located at the vehicle’s center of gravity, were digitized for
evaluation of occupant risk. In the longitudinal direction, the occupant impact velocity was
22.6 ft/s at 0.098 s, the highest 0.010-s occupant ridedown acceleration was 3.6 Gs from 0.204 to
0.214 s, and the maximum 0.050-s average acceleration was -11.3 Gs between 0.035 and 0.085 s.
In the lateral direction, the occupant impact velocity was 28.2 ft/s at 0.098 s, the highest 0.010-s
occupant ridedown acceleration was 10.4 Gs from 0.230 to 0.240 s, and the maximum 0.050-s
average was 14.2 Gs between 0.045 and 0.095 s. Theoretical Head Impact Velocity (THIV) was
39.8 km/h or 11.0 m/s at 0.096 s; Post-Impact Head Decelerations (PHD) was 10.7 Gs between
0.230 and 0.240 s; and Acceleration Severity Index (ASI) was 1.83 between 0.035 and 0.085 s.
These data and other pertinent information from the test are summarized in figure 6.7. Vehicle
angular displacements and accelerations versus time traces are presented in appendix E,
figures E2 through ES.
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Figure 6.3. Vehicle and installation positions after test 405160-34-1.
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Figure 6.4. Installation after test 405160-34-1.

TR No. 405160-34-1 24 2012-11-27



Figure 6.5. Vehicle after test 405160-34-1.
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After Test

Figure 6.6. Interior of vehicle for test 405160-34-1.
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to rigid concrete barrier Angle......ccooiiii, 8.6 degrees Vehicle Pocketing.............c.c...... No
Installation Length ................... 104.5 ft Occupant Risk Values Test Article Deflections
Material or Key Elements ........ 12.5 ft long 32-inch tall F-shaped precast Impact Velocity Dynamic .......coeeevveeinniiieiiiieee 5.7 inches
concrete barriers anchored to concrete Longitudinal............cc..ccee. 22.6 ft/s Permanent ... 2.5 inches
pavement using two 1.5 inch diameter Lateral.......ccccovvveeeiiniennnns 28.2 ft/s Working Width .... 5.7 inches
steel pins each segment and connected to  Ridedown Accelerations Vehicle Penetration .................... 8.9 inches
42-inch tall permanent single slope Longitudinal............ccc.ccee. 36G Vehicle Damage
concrete barrier Lateral 104G VDS et 11LFQ5
Soil Type and Condition........... Concrete Surface, Dry THIV... 39.8 km/h CDC ..o ... 11IFLEW4
Test Vehicle PHD ..o, 10.7G Max. Exterior Deformation........... 17.0 inches
Type/Designation .................... 2270P ASl i 1.83 OCDI ..ot LF0100000
Make and Model .... 2007 Dodge Ram 1500 Pickup Max. 0.050-s Average Max. Occupant Compartment
Curb....cocveeiieene ... 4910 Ib Longitudinal -11.3G Deformation...........cccceevueeenne 3.625 inches
Test Inertial ......... .... 5026 Ib Lateral............. 142G
Dummy......cccceuee .... No dummy Vertical .......ccocovveiiiieinnnen. -3.8G
Gross StatiC........ccoeevveeevciinenne 5026 Ib

Figure 6.7. Summary of results for MASH test 3-21 on the transition for anchored temporary barrier to rigid concrete barrier.




6.8  ASSESSMENT OF TEST RESULTS

An assessment of the test based on the following applicable MASH safety evaluation criteria
is presented 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 transition for pinned-down temporary concrete barrier to rigid concrete
barrier contained and redirected the 2270P vehicle. The vehicle did not
penetrate, underride, or override the installation. Maximum dynamic
deflection during the test was 5.7 inches. (PASS)

6.8.2 Occupant Risk
D. Detached elements, fragments, or other debris from the test article should not

penetrate or show potential for penetrating the occupant compartment, or present
an undue hazard to other traffic, pedestrians, or personnel in a work zone.
Deformation of, or intrusions into, the occupant compartment should not exceed
limits set forth in Section 5.3 and Appendix E of MASH. (roof <4.0 inches;
windshield = <3.0 inches; side windows = no shattering by test article structural
member; wheel/foot well/toe pan <9.0 inches; forward of A-pillar <12.0 inches;
front side door area above seat <9.0 inches; front side door below seat
<12.0 inches; floor pan/transmission tunnel area <12.0 inches).

Results:  No detached elements, fragments, or other debris from the test article were
present to penetrate or show potential for penetrating the occupant
compartment, or to present hazard to others in the area. (PASS)
Maximum occupant compartment deformation was 3.625 inches in the
floorpan on the driver’s side. (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 13 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

Results:  Longitudinal occupant impact velocity was 22.6 ft/s, and lateral
occupant impact velocity was 28.2 ft/s. (PASS)
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I.  Occupant ridedown accelerations should satisfy the following:
Longitudinal and Lateral Occupant Ridedown Accelerations
Preferred Maximum
15.0 Gs 20.49 Gs

Results:  Longitudinal occupant ridedown acceleration was 3.6 G, and lateral
occupant ridedown acceleration was 11.0 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 exited the barrier within the exit box. (PASS)

TR No. 405160-34-1 29 2012-11-27






7. SUMMARY AND CONCLUSIONS

7.1  SUMMARY OF RESULTS

The transition for F-shape pinned-down temporary concrete barrier to rigid concrete
barrier contained and redirected the 2270P vehicle. The vehicle did not penetrate, underride, or
override the installation. Maximum dynamic deflection during the test was 5.7 inches. No
detached elements, fragments, or other debris from the test article were present to penetrate or
show potential for penetrating the occupant compartment, or to present hazard to others in the
area. Maximum occupant compartment deformation was 3.625 inches in the floor pan on the
driver’s side. The 2270P vehicle remained upright during and after the collision event.
Maximum roll and pitch angles were 13 degrees and 8 degrees, respectively. Occupant risk
factors were within the limits specified in MASH. The 2270P vehicle exited the barrier within
the exit box.

7.2  CONCLUSIONS

According to the MASH criteria required for test 3-21 for transitions shown in Table 7.1,
the transition for anchored F-shape pinned-down temporary concrete barrier to rigid concrete
barrier performed acceptably.

7.3 IMPLEMENTATION?

The transition in the crash test performed used a 42-inch tall single slope barrier as the
rigid concrete barrier. However, this transition design can also be used with other common rigid
concrete barrier profiles, such as the New Jersey profile, F-shape profile, vertical wall, etc.
When using a different rigid concrete barrier profile, the pinned-down F-shape barrier should be
placed adjacent to the rigid barrier in a position that minimizes the potential for vehicle snagging,
as shown in appendix A. The nested thrie beam should then be used to provide a smooth
transition surface over the pinned-down and rigid barrier interface, as tested herein with the
single slope rigid concrete barrier. The steel transition cap used in this crash test for
transitioning over the 10-inch difference in the barrier heights (i.e. from 32-inch F-shape to 42-
inch single slope) can be modified to accommodate variations in heights of other rigid barrier
types. So for instance, no transition cap will be required in transitioning from the 32-inch tall
pinned-down F-shape to 32-inch tall rigid New Jersey or F-shape barriers. If however a 36-inch
tall rigid barrier is used, the slope of the transition cap should be adjusted accordingly to
accommodate the 4-inch height difference. In making modifications to the transition cap, the
length of the transition cap should not be reduced.

In the crash test performed, a Y4-inch thick, 8-inch wide, and 16.33-ft long steel plate was
bolted on the field side of the barrier using two of the bolts of the nested thrie beam end shoes. If
desired, this steel plate may be replaced with a thrie beam or a W-beam section. Doing so does

2TTI Proving Ground’s A2LA scope of accreditation does not include the Implementation section of this report.
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not reduce the strength or lateral stiffness of the transition connection. The W-beam or the thrie
beam section replacing the field side plate can be attached using existing bolts, or additional
epoxy anchor bolts. As in the crash tested design, the attachment at each end of the W-beam or
the thrie beam section should be made with at least two bolts.

The crash test performed in this project used pinned-down F-shape barrier segments that
were 12.5-ft long. However, the transition design can also be used with longer lengths of the
pinned-down barrier segments (such as 15-ft and 20-ft long segments). When using longer
segment lengths, the position of the anchoring pin adjacent to the rigid barrier should not be
changed as it can alter the lateral stiffness of the transition design.

The crash tested transition design was developed for use with pinned-down barriers
placed on concrete pavement or deck. It should not be used with pinned-down barriers placed on
asphalt without further evaluation using finite element analysis and/or crash testing. Similarly,
the crash tested design was developed for transitioning to rigid concrete barriers and should not
be used with other deformable barrier types (such as metal rails) without further evaluation.
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Table 7.1. Performance evaluation summary for MASH test 3-21 on the transition
for anchored temporary barrier to rigid concrete barrier.

Test Agency: Texas A&M Transportation Institute

Test No.: 405160-34-1

Test Date: 2012-08-10

MASH Test 3-21 Evaluation Criteria Test Results Assessment
Structural Adequacy
A. Test article should contain and redirect the vehicle or The transition for anchored temporary barrier to
bring the vehicle to a controlled stop; the vehicle should | rigid concrete barrier contained and redirected the
not penetrate, underride, or override the installation 2270P vehicle. The vehicle did not penetrate, Pass
although controlled lateral deflection of the test article is | underride, or override the installation. Maximum
acceptable dynamic deflection during the test was 5.7 inches.
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 from the test article were present to penetrate or
penetrating the occupant compartment, or present an show potential for penetrating the occupant Pass
undue hazard to other traffic, pedestrians, or personnel compartment, or to present hazard to others in the
in a work zone. area.
Deformations of, or intrusions into, the occupant Maximum occupant compartment deformation was
compartment should not exceed limits set forth in Section | 3.625 inches in the floor pan on the driver’s side. Pass
5.3 and Appendix E of MASH.
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 13 degrees and 8 degrees, respectively.
H. Longitudinal and lateral occupant impact velocities Longitudinal occupant impact velocity was
should fall below the preferred value of 30 ft/s, or at least | 22.6 ft/s, and lateral occupant impact velocity was Pass
below the maximum allowable value of 40 ft/s. 28.2 ft/s.
I.  Longitudinal and lateral occupant ridedown Longitudinal occupant ridedown acceleration was
accelerations should fall below the preferred value of 3.6 G, and lateral occupant ridedown acceleration Pass
15.0 Gs, or at least below the maximum allowable value | was 11.0 G.
of 20.49 Gs.
Vehicle Trajectory
For redirective devices, the vehicle shall exit the barrier | The 2270P vehicle exited the barrier within the exit Pass

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

box.
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APPENDIX A. COMPARISON OF RIGID BARRIER DESIGNS

Comparisons of the profile of a standard 32-inch F-shape temporary concrete barrier with the
different rigid concrete barrier designs used by the participating pooled-fund states are presented
below. The profiles are overlaid to show the discrepancies and to help identify the most critical
design for developing the transition.

State, Barrier Name, Design Description Profile Comparison (Traffic Side on Right)

Washington, WSDOT C-8, 32-inch tall NJ
Barrier

Washington, WSDOT C-13, 42-inch tall single
slope barrier
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Washington, WSDOT SSB Rail, 34-inch
barrier height and single slope face.

FShape

Washington, WSDOT F-shape Bridge Rail, 32-
inch F-shape rail with vertical profile on back.

F-Shape

TNDOT Single Slope Par

Tennessee, TNDOT Single Slope Concrete
Parapet, single slope face on traffic side.

F-Shape
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Tennessee, TNDOT Standard Single Slope
Median, 32-inch height.

Louisiana, LADOTD F-shape PL-2, vertical
profile at back.

LADOT F Sha -.Pl2\

Louisiana, LADOTD Median Barrier (bridge)
F-Shape PL2, same as pinned F-shape.
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Louisiana, LADOTD Vertical Wall PL-2, 32-
inch vertical wall.

2575 bt

—1 4.8/5 F

Louisiana, LADOTD F-shape, same as pinned
F-shape barrier.

LADOT F Shage

Alaska, AKDOT Concrete Barrier, 36-inch tall
barrier with vertical profile at back.
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Washington, WSDOT C8-F, 36-inch barrier
height.

330 ==

TR No. 405160-34-1 41 2012-11-27







[-7€-09150Y 'ON ¥.L

197

LT-T1-CI0C

TEST ASSEMBLY _ GROUND LINE

104'-6"
- PR g
. (SEE 1d) ) o
BARRIER NUMBERS (4 A 3 ) 07 5 N
1 2 3 NS 4 5 6 7 Py
" J ..J/
) F %
NN NI PE— S AN
/ » A \__/

PLACE BARRIERS ALIGNED

A WITH PARAPET EDGE HERE
T y— (SEE NOTE 1c)
PARTS LIST
s PART NAME QTY. A
1 SSCB Parapet 1
- 1" TRAFFIC SIDE
2 Nested Thrie-beam assembly 1 42 : .
3 Pinned-Down F-Shape Barrier, 12.5' 7 31"
4 Connection Pin 6
5 Anchor Pin, @1-1/2" 14
6 Transition Cap 1 L ¥
7 Hilti Anchor, HAS-E #00385424 4 . ot
8 Field B‘d;(‘r]’““k““““ Strap : SECTION A-A N\ “EXISTING CONCRETE
9 W Block Spacer 1 e i1 -
ooc o PP SCALET: 20 \~NEW CONCRETE
10 Bolt, 5/8 x 4 carriage 1
1 Nut, 5/8 hex 1 la. All @7/8 bolts are ASTM A325 or A449,
- 1b. All fabricated steel parts are A36 unless otherwise noted.
12 Bolt, 7/8 x 14 hex - lc. Barriers are pinned to 8" thick concrete, with one pin at each end on the traffic side.
13 Bolt, 7/8 x 16 hex 3 1d. 16" SSCB Parapet and seven 12.5' F-Shape Barriers with =2" space between them.
le. Hilti Anchor, HAS 1s @1/2" x6-1/2".
14 Bolt, 7/8 x 18 hex 2 « Texas
= IEX Roadside Safe d
15 Bolt, 7/8 x 20 hex 1 Zam Transportation ot HELC
‘l'nstitute ¥s Provine Ground
16 BOlt, 7/8 x22 hex 1 The Teeas AGM Universily Systerm roving Lrrour
Projec 405160-34 Pin-d Ripid Transiti
17 Nut, 7/8 heavy hex 10 roject m-down fo ‘sl rm'l';mm‘l.
Drawn By GES Scale1:150 Sheet 1of 13 Installation

18 Washer, 7/8 flat hardened 20 A d: . Date:
s pproved: m &MM\ ate:
; ;Wu‘" - 2012-07-25

MNauman Sheikh:

1non' D rzlfl:ing"\JrUS 160-34 Dzawing

3710114V 1S31 40 ST11vV13d '9 XIdN3IddV

T:42011-2012\405160-Pocled-Fund\-34 Pin-Down to Rigid Tran:



[-7€-09150Y 'ON ¥.L

4%

LT-T1-CI0C

CONNECTION DETATLS OO ) 3) (1) 1s)18 )17
N - E \ /) /h ’ - 'T")'.l’ ‘: 10 !

o ) 040 0 Qg
P 1 00 o (

S __.-'\._\\.\\. \_\\.\.I : ’- / //_’ f’ :/_, ] _l.\
Ll = . g EEE. -
e .\_\ o I:l‘.‘l'.lntlli = = -]
(13} S = ™ :
m m (16)

..J l .A A ‘ .\\\.- -~
") ELEVATION VIEW NN (15)
]_M]_)j&(:]_‘ SIDE 10 I;}.\ 11 ) / 5 ~\_. (g Y \ /
.:' T N . ps e
—— —SEE 2b
| e d
[-] £ <
. (-]
o -]
o (-]

ELEVATION VIEW
FIELD SIDE

(11)
S
(10) PLAN VIEW DETAIL
N AT JOINT - SCALE 1:10
2a. Install Hiltt Anchors with Hiltt HIT 150 epoxy according to manufacturer's /‘/- I?aﬁsionaﬁon - Rf"i‘j’;d? S.a[-cgi”‘[.“_l
instructions, with 4-1/2" minimum embedment.. ‘ Institute 'ym‘]; ecunty Lhvision -
A Ihe laxas AGM Linkersity Sysiam TOVING Ground

2b. Cut off end loops on one end of barrier #7 and place it tight against SSCB

. , ! : ; e )
Parapet. Core @1" holes for 7/8" bolts. Do not percussion drill. Project 405160-34 Pin-down to Rigid Transition 2012:07:25

Drawn By GES Scale 1:30  Sheet 2of13 Transition Details

T:4,2011-2012%405160-Pooled-Fund',-34 Pm-Down to Rigid Transition ', Drafting', 405160-34 Drawing,



[-7€-09150Y 'ON ¥.L

Sv

LT-T1-CI0C

(2 THRIE-BEAM ASSEMBLY

(2223 24
. (20" NESTED 21
‘\,\1 ] / / SEE 34 ~ » B N
;';' _! _’f "/ \
7 (=== pa——— g ~ o] =
o/ / Lo
& feox) (=<3} o o o A
o o — o o
o [w~] o o
o )
jr+3] =+1) o o
o o = o o
o0 u=1) (2] e}
o o
ranl laail o Kol
Fd
ELEVATION VIEW L P
THRIE-BEAM ASSEMBLY PARTS
i PART NAME TE-13 # QTY.
20 Thrie-Beam, 2 space 12 gauge RTMO2a 2
21 End Shoe, Thrie-beam 10 ga. RTEO1b 2
22 Bolt, Guardrail 2" FBB02 24 SFCT]ON B-B
SCALE1:10
23 Washer, rectangular guardrail FWRO03 24
24 Nut, 5/8 Guardrail FBB 24 = Texas . Roadside Safety and
< ﬁ%ﬂano" Physical Security Division -
- . . i ) ‘ 1he laxas AGM Linkersity Sysiem PIUVing Ground
3a. Rectangular washers go under bolt head on upstream end, and under nut on Project 405160-34 Pin-down to Rigid Transition 2012-07-25
downstream end. - -
Drawn By GES Scale 1:20  Sheet 30f 13  Thre-beam Assembly

T:42011-2012%405160-Pooled-Fund'-34 Pin-Down to Rigid Transition'\Drafting’ 405160-34 Drawing



[-7€-09150Y 'ON ¥.L

14

LT-T1-CI0C

— ___\:w.ll . .,,-3%\‘. = .
25 N LA \ J \ / :\ 26 .-
{ / A
. = _iL _ H J T T
i/ . T — H
4 P/ L/ L/ !
i/ ! o
o i ;’ i’ i’ | o
1 1 1 _____,__I_.._.——--——-—"I‘
i . —+ ; ]
PLLAN VIEW
& z & -
] N
™ - - = ol
O [ oo =
ety ] — = —t —
= e - ~d et ]
1
i
: !
) 1 1
i ! ™ |
1 1 [N 1
: l | N !
ELEVATION VIEW { TYP

TRANSITION CAP CUT-LIST

H PART NAME QTY.
25 Box 1
26 Rib 1 1
27 Rib 2 1
28 Rib 3 1
29 Rib 4 1
30 Rib 5 1

/‘- Transportation
A

Project 405160-34
Drawn By GES

Texas
Institute

ISOMETRIC VIEW
SCALE 1:20

Ihe leas AGM Lnkersity Sysiem

Pin-down to Rigid Transition 2012-07-25

Scale 1:10

Sheet 40f 13

Roadside Safety and
Physical Secunty Division -

Proving Ground

Transition Cap

405160-34 Drawing,

fing’,

160-Pooled-Fund',-34 Pin-Cown to Rigid Transition'\Dra

05

\2011-2012" 4

\2

T:



[-7€-09150Y 'ON ¥.L

LY

LT-T1-CI0C

TRANSITION CAP PARTS

- o" A SAN 9"
/- P34 xA 1/8" THICK - A36 e
y -
2 _/" - = 2"
i I iy Y
6" 4 © Y
Y "//’—F.' i
y = 1-1/2" 2-1/2"
PLAN VIEW N - 5.7/1"
SEE5a > ’
g i A
25
1/8" ) i
14"
v Y
e A
v Y

Lt 48" " A
rel— 10-3/8" —m

5a. This part may be manufactured from seperate plates welded together at the joints, bent plate FLEVATION VIEWS

(with bend radui no greater than 1/4"), or any combination of the two, at fabricator's discretion.

/4 51 /9" et —3/8"x 3/8" CHAMFER
>-1/2 TYP ALL RIBS

6-1/4" =

A "y 7"t 5 13/16" -
l'..l | :%II r%” 1 D ‘
‘ 6-1/8" . Y
41/4
, | ; L S
[t ~ - /_

(26\ = lexas Roadside S
- Oadsiac S'dl—(_‘[y LL'[ld
~ 1/8" TYP x 5 /- Jransportation  physical Secusity Division -
Y ‘ Ihe lexas ASM Unherstty Sysiem Proving Ground

A Project 405160-34 Pin-down to Rigid Transition 2012-07-25
Drawn By GES Scale 1:10 Sheet 50f 13 Transition Cap Parts

(]
o
A

160-34 Drawing,

05

T:42011-20124405160-Poocled-Fund'-34 Pin-Down te Rigid Transition'\Drafting’, 4



[-7€-09150Y 'ON ¥.L

Ri%

LT-T1-CI0C

(1) FIELD SIDE STRAP

y
A
PLAN VIEW SR
= 5 & a9
S 3 %oy
(= | [ = =
g .,/'/ 4 @11/16" \ \\\
23/16" 1, \! / >
gn ‘ _.," \ - _lu < 4 r\} } ! 6a , . ‘ . ? i
: HLX Db b ELEVATION VIEW
= a" -

1

A G SPACER BLOCK

WOOD

@11/16"

ELEVATION VIEWS .
= Texas . Roadside Safety and
| mmﬂaﬂon Physical Security Division -
‘ Ihe lexas AGM Lnkersity System l’roving Ground

Project 405160-34 Pin-down to Rigid Transition 2012-07-25
Drawn By GES§ Secale 1:25 Sheet Gof 13 Field Side Strap

6a. Plate is symmetrical about ¢, , except for (h11/16" hole.

T:\2011-2012405160-Pooled-Fund'\-34 Pin-Down to Rigid Transition\Drafting\405160-34 Drawing



[-7€-09150Y 'ON ¥.L

6t

LT-T1-CI0C

E :OC iS :‘}
- oo [#)} —
~ SEE 7d \\ / C - Ve o
1-1/2" CLR TYP S /137716
_.-"f \.-._‘ \ . . / = Y 17-3 l[ru
(3) i 1 2015716
N A \N\Y 043/4n
o 2 o VY 5 M
55/8" MIN - s - X [~ \ “\ A C - i
o o e Y D 56" TYP —#= ’
,_/ P, A " | T ELEVATION VIEW
VA A8 N
| [ 36 ) | 32
A B g - \/ /,\..
M TR i M TN
5.1/4" CLR B . | CLR —» = // - e 12" TYI
. . L A W
SECTION C-C T T [ i
SCALE1:20 i i 1 i
SCALE1: — N I |
it H H i
t i i it P
# PART NAME QTY. S pamntt S A3
I 1] i I ~
31 I-bar for SSCB 16 i i i i
Dar or J ,.uﬂr ______ —ih ______ _‘I‘ ______ —:F‘————;-—
32 Stirrup, V1 16 i ot i N
| (-
iy Hy i
33 Rebar, #4 x 44" 16 iil il i l i
gl Rl i :
34 Rebar, #4 x 15'9" 4 I ﬁF I i DETAIL D
i ity w iainiiinil it 2 .
35 Rebar, #5 x 12" 8 :“’_\ N . SCALE1:20
12 - > R U
36 Rebar, #5 x 15'9" 10 (33 / ,‘4\.
\\ .\\:.' //
Ta. Tnsml] i\ ])sl rs i1'| L'.‘{IlSlllllg concrefe \\'1'111 | [ﬂli HIT 150 t'])(")?\"\' ;](‘.(‘.("Jrn'ﬁllg to
manufacturer's instructions. Texas Roadside Safety and

7b. All rebar 1s ;{1';‘-1("1(' 60.
Te. Minimum concrete strength 1s 3600 psi.
7d. Form or core @1" holes (x 5). Do not percussion drill.

"4 Transportation

The lexas AGM University System

Project 405160-34

Drawn By GES Scale

Pin-down to Rigid Transition
1:50 Sheet 7of 13

Physical Security Division

Proving Ground

2012-07-25

SSCB Parapet

T:\2011-20124405160-Pecled-Fund'\-34 Pin-Down to Rigid Transition’\Drafting, 405160-34 Drawing,



0S [-7€-09150Y 'ON ¥.L

LT-T1-CI0C

21" =

@z V1 STIRRUP

40-1

A

] A
-3 _I."
|:\§// Y
- 10" =%

- ;&XE& N Roadside Safety and
';:E-mnahon Physical Security Division -
The Tess AG Uninersity System Proving Ground

Project 405160-34 Pin-down to Rigid Transition 2012-07-25
Drawn By GES Seale 1:10 Sheet 8of 13  SSCB Stirmups

T:\2011-2012\405160-Pocled-Fund',-34 Pin-Down to Rigid Transition'\Drafting’, 405160-34 Drawing,



[-7€-09150Y 'ON ¥.L

IS

LT-T1-CI0C

I~
w

«©

" 126" _
~—SEE NOTE 9a
1-7/8" x 4" SLOT é ¥
8" x S1LO
TYP. x 3—_ 1
7 k= i _
! ! ]
el 31-1/2 >
D ELEVATION VIEW
- -
1/2" TYP. FRONT AND BACK
o

24"

END VIEW
SCALE 1:10

PIN-DOWN BARRIER

SEE NOTE 9d

[F)

EACH END

—UT—@—TI‘E[—

L

PLAN VIEW

9a. Barriers are symmetrical about ¢ 's, except for end loops.
for end loop and cut-out details.

9b. All rebar 1s grade 60.

9c. Concrete shall be 5000 psi.

See next sheet

9d. Chamfer top, bottom, and ends 3/4". End chamfers not shown for clanty.

= Texas
4 Transportation
e
e fexss ASM Unirsity System
Project 405160-34
Drawn By GES Scale 1:20  Sheet 90f 13

Roadside Safety and
Physical Security Division
Proving Ground
Pin-down to Rigid Transition 2012-07-25

Barner Details a

4, 405160-34 Drawing

fting;

-Pooled-Fund'-34 Pin-Down to Rigid Transition',Dra

)

011-201240516

T2



[4S [-7€-09150Y 'ON ¥.L

LT-T1-CI0C

END LOOP DETAILS
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[t = 1-9/16"
2" fet—
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N DETAIL F
4>~ 51/2 .
END VIEW SCALE1:5
/ / o/ \ SCALE 1:10 YPx6
w0 Y /s \  SEE NOTE 10a
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'/'/. "
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G OF 1-7/8" x 4" SLOT— = Texas , Roadside Safety and
o] Lr:tngl;p&rtanon Physical Secunty Division -
‘ Ihe Jexas AGN Uniersity Sysiem Proving Ground
s ) R i i Project 405160-34 Pin-down to Rigad Transition 2012-07-25
10a. Rebar and End Loops not shown in End View for clarity. Drawn By GES Scale 120 | Shoet 10 of 13 Boic Dol b

160-Pooled-Fund'-34 Pin-Down to Rigid Transition’\Drafting\ 405160-34 Drawing
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REBAR PLACEMENT

1-1/2" clear

END VIEW
SCALE 1:10
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\ 3
~ ELEVATION VIEW .
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N\ .
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- II'exas il
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-
Ihe oot AGM Universily System

Project 405160-34
Drawn By GES

s PART NAME QTY.
37 Rebar, #4 x 144" 8
38 403 Bar 3
39 End Loops 6
41 Stirrup 10

Pin-down to Rigad Transition

Roadside Safety and
Physical Secunty Division -

Proving Ground

2012-07-25

Scale 1:20  Sheet 11 of 13 Barrier Details ¢

160-Pooled-Fund',-34 Pin-Down to Rigid Transition'\Drafting 405160-34 Drawing
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3/4"
e X _.--/
' o A
' L 1
1/4"
Y
I
i
A 1-1/16
10 Y
PLATE WASHER
FOR CONNECTING PIN
A572 grade 50 - SCALE 1:2
Y ||

- @ 1" ASTM A449

(1) CONNECTING PIN

3/16 /
_ 1/4"
S~ $1:5/8
Y _E
7 i } _
1 -
y
" 1/2"
~-— -
—
21-3/8
PLATE WASHER
FOR ANCHOR PIN
A30
Y
GH1-1/2" A36 COLD ROLL -

@ ANCHOR PIN

Z Joxas Roadside Safety and
ol 'f'l’zﬂfﬂfl értatmn Physical Security Division
‘ The s AGM University System Proving Ground

Project 405160-34 Pin-down to Rigid Transition 2012-07-25
Drawn By GES Scale 1:5 Sheet 13 0of 13 Pin Details

T:\2011-2012\405160-Pocled-Fund'\-34 Pin-Down to Rigid Transition'\Drafting,405160-34 Dirawing:
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Quality Policy Form

= Texas Doc. No. Revision
4= Transportation Date:
A Institirte 5.7.2 Concrete Break 5 7.2 Concrete
Proving Ground Texas A&M University ) Break.doc 2010-02-12
3100 SH 47, Bldg 7081 College Station, TX 77843 T
Brvan. TX 77807 Phone 978-845-6375
Subject: Page:

Revised by: W. L. Menges
Approved by: C. E. Buth

Revision: 4 1of1l

Project No.:

Placement:

Casting Date:

Yos7¢0 - 34
b (

Mix Design P.S.1.:

Truck No.

Batch Ticket Yards

Printed name of
Technician taking sample:

Signature of
Technician taking sample:

Printed name o
Technician breaking sample:

Signature of
Technician breaking sample:

2o, pA- S/

Yoo o

C_Du//.x_) /44'0%

//ﬁ

6 €/ Sc.zf{m@g X

LG e

Break Date

Cylinder Age

Truck Total Load
No. (Pounds)

PSI Break

Average

20(2-0F ~

19 BAYS

la%s, 6600 2714

/o2 500 3608

300

9§ S00 3484

HMVIHE 3134dONOD 'O X1AN3IddV
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= Texas Doc. No. Revision
/‘ Transportation Date:
A [nstitute 5.7.2 Concrete Break 5 7.2 Concrete

Proving Ground Texas AGM University _Break.doc 2010-02-12

3100 SH 47, Bldg 7091 Callege Station, TX 77843

Bryan, TX 77807 Phone 979-845-6375

Subject: R Page:

" x evise : . L. vVienges Eibain
Quality Policy FOrm | appsedby. ¢ . path | LG
Project No.: 4057/ 40 -?4/ CastingDate: 2o/ 2-0% -~ 22
Placement: ©49244 FPr—7 Mix Design P.S.l.: </2o 0
- Printed name of —
Truck No. Batch Ticket Yards Technician taking sample: C’%u/ o /44,,4 4
Signature of
Technician taking samp!e:ﬂ4 : M/‘
Printed name of i
Technician breaking sample: ¢ (€ 4/ S [{Roc e
Signature of
Technician breaking sample: / \ZZ’W ,o%._,
: Truck Total Load
Break Date Cylinder Age No. (Pounds) PSI Break Average
20308 -9 & bays e , 2590 913
Iy, 500 HoS 0 oo
j0&, 500 333J




APPENDIX D. SUPPORTING CERTIFICATION DOCMENTS

TEST NUMBER

TEST NAME

DATE

DATE RECEIVED

2011-07-11

2012-02-08
2009-08-03
2012-07-30
2012-07-30
2011-11-04
2012-08-07
2012-08-07
2012-08-07
2012-08-07
2012-08-07
2012-08-07

405160-34

2012-08-10

ITEM NUMBER

End Shoe-01
End Shoe-02
Thrig-beam 1
Rebar 05-16
Rebar 04-27
Barriers-01
Bolt 0.8750-02
Bolt 0.8750-03
Bolt 0.8750-04
Bolt 0.8750-05
Nut 0.8750-01
Washer 0.8750-01

a. End shoe at upstream end.
b. End shoe at downstream end.

TR No. 405160-34-1

MATERIAL USED

Pin-down to Rigid Transition

DESCRIPTION

thrie-beam end shoe
thrie-beam end shoe
12 gauge- 12' 6" -4 space
5/8" x 20" grd 60
1/2" x 20' gr 60
12'6" CMB's
718 x 14 hexgr 5
7B x 16 hexgr 5
78x18 hexgr. 5
78 x22hexgr 8
7/8 Heavy Hex
7/8 Flat Hardened

59

SUPPLIER

Trinity Industries
Trinity Industries
Trinity Industries
CMC-Sheplers
CMC-Sheplers
Waskey
Mack Bolt & Steel
Mack Bolt & Steel
Mack Bolt & Steel
Mack Bolt & Steel
Mack Bolt & Steel
Mack Bolt & Steel

HEAT #

none previded
125745
70978
JW12103635
11-07831
none
SWO3229
313229
313232
1J6B93219

*

NOTE

2012-11-27
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Page: 1

SOLD APELPHIAMETALS | LLC NUCOR CERTIFIED MILL TEST REPORT
TO: NEW PRAGUE, MN 58071- NUCOR CORPORAYIGN .
NUCOR STEEL TEXAS Ship from:
Nucor Steel - Texas x
8812 Hwy 79 W
sHip ADELPHIA METALS-CUST PU JEWETT. TX 75846 Date: 24-May-2012
TO:  NAVETT TX 75846 B00-527-6445 B.L. Number: 606068
' Load Number: 212939
Material Safety Data Sheets are available at www.nucorbar.com or by contacting your inside sales representative. NBMG-08 January 1, 2012
LOT# PHYSICAL TESTS CHEMICAL TESTS
DESCRIPTION YIELD | TENSILE | ELONG WT% c M P s si
HEAT # psl. | PSI | %IiNg | BEND DEF N | e Mo v | % « sn | CF
PO# => 803585
JW1210363501 Nucor Steel - Texas 64,200 101,400 12.0% 41 1.04 010 042 A5 .28 81
JW12103635 16/4#5 Rebar 443MPa 699MPa A4 .10 042 004 002

40' A615M GR 420 {Gr60)
ASTM AG15/A615M-12 GR 60[420]
AASHTO M31-07
PO# => 803585
JW1210363601 Nucor Steel - Texas 66,200 103,700 12.0% 43 1.04 0n 053 A8 el B3
JW12103636 1645 Rebar 456MPa 715MPa ) A2 042 004 .001
40° AB15M GR 420 (Gr60)
ASTM AB15/A615M-12 GR 60[420]
AASHTO M31-07

1 hereby certity that the material described herzin has baen manufaciured in agcordance with

1he specifications ard standards isted above and that it satisties those reguiremants.

1.) Welg repair was nat parlormed on this material

2.} Metted and Manufactured in the United States. QUAUTY

3) Mercury. Radlum, or Alpha sourcg malgnats in any form ASSURANCE: ____ NNathan Stewart
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CMC STEEL TEXAS

CERTIFIED MILL TEST REPORT

We hareby certity that the test results presented here

are accurate and conform to the reported grade specification

1 STEEL MILL DRIVE Fer additional copies call .
SEGUIN TX 78155-7510 830-372-8771 ‘g"“‘“ b Aebocrx
cmc Daniel J. Schacht
Quality Assurance Manager
HEAT ND.:11-07831 S | CMC Construction Svcs Collage Stati S | CMC Construction Svce College Stati Delivery#: 80765904
SECTION: REBAR 13MM 1/2"(#4) 0 H BOL#: 702705678
20'0"GR60 420/60 IMP L | 10650 State Hwy 30 1 | 10650 State Hwy 30 CUST PO#: 564924
GRADE: ASTM A615-12 Gr 420/60 D | College Station TX P | College Station TX CUST P/N:
ROLL DATE: US 77845-7950 us 77845-7850 DLVRY LBS / HEAT: 46092.000 LB
MELT DATE: T 979774 5900 T | 979 774 5300 DLVRY PCS / HEAT: 3450 EA
0 o]
Characteristic  Value Characteristic Value Characteristic  Value
C 047%
Mn 0.66%
P 0.015%
5 0021%
Si 0.11%
Cu 0.35%
Cr 0.07%
Ni 011%
Mo 0.018%
v 0.022%
Cbh  0.000%
Sn 0.000%
Al 0.000%
Yield Strength test 1 85.6ksi
Tensile Strength test 1 98.9ksi
Elongation tast 1 12%
Elongation Gage Lgth test 1 8IN
Bend Test Diameter  1.750IN
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 :

06/05/2012 20:12:51

Page 10F 1
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Trinity Highway Products , LLC
2548 N.E. 28th St.
It Worth, TX 76111

Customer: SAMPLES, TESTING, TRAINING MTRLS
2525 STEMMONS FRWY

DALLAS, TX 75207

Certificate Of Compliance For Trinity Industries, Inc. ** E.T. PLUS EXTRUDER TERMINAL **

Sales Order: 1164772
Customer PO: TTI-ET 2000
BOL# 40479

Document # 1

Trinity Highway Products. LLC

NCHRP Report 350 Compliant

Print Date: 2/7/12

5
=

P

2y Pro
et

Y &
b | 4

Project: SAMPLES & TESTING TT1 ET-2000 GILCHRIST/SHI
Shipped To: TX

Use State:

X

Picces Description Part No
2 12/12'6/6'3/S ET2000 ANC 000032G
2 CABLE ANCHOR BRKT ET-2000 000704 A
2 CBL 3/4X6'6/DBL SWG/NOHWD 003000G
22 5/8" GR HEX NUT 003340G
18 5/8"X1.25" GR BOLT 003360G
- 5/8"X10" GR BOLT A307 003500G
4 3/4" ROUND WASHER F436 003701G
4 3/4" HVY HEX NUT A563 DH 003704G
4 3/4"X2.5" HEX BOLT A325 003717G
4 1" ROUND WASHER F844 003900G
4 1" HEX NUT A563 003910G
4 ‘WD BLK RTD 6X8X14 0040768
8 3/8" ROUND WASHER F436 004254G
4 3/8" FENDER WASHER 844 004255G
4 3/8" LOCK WASHER 004258G
4 3/8"X1.5" HEX BOLT GR-5 004261G
4 7/16" WASHER 844 004389G
4 7/16"X1.5" HEX BOLT GRD 5 004390G
4 7/16" LOCK WASHER 004393G
4 7/16" HEX NUT A563 DH 004396G
4 3/4" LOCK WASHER 004699G
4 3/8"X2" HEX BOLT GR-5 HDG 006321G
8 3/8" HVY HEX NUT AS563GRDH 006405G
2 12/9'4.5/3'1.5/S 010967G
6 6'0 SYT PST/8.5/31" GR HT 015000G
2 HBA-BRG PL/WELDED TABS 019258A
4 135(10Ga)X1.75X1.75 WSHR 019948G
2 SYT-3"AN STRT 3-HL 6'6 033795G
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Trinity Highway Produets , LLC _ §@*'-‘ "”""f%
2548 N.E. 28th St. = <
Ft Worth, TX 76111 | 4
Customer: SAMPLES, TESTING, TRAINING MTRLS Sales Order: 1164772 Print Date: 2/7/12
2525 STEMMONS FRWY Customer PO: TTI-ET 2000 Project: SAMPLES & TESTING TTI ET-2000 GILCHRIST/SHI
BOL # 40479 Shipped To: TX
Document # 1 Use State: TX

DALLAS, TX 75207
Trinitv Highway Products. LLC
Certificate Of Compliance For Trinity Industries, Inc. ** ET. PLUS EXTRUDER TERMINAL **
NCHRP Report 350 Compliant

Upon delivery, all materials subject to Trinity Highway Products , LLC Storage Stain Policy No. LG-002.
TL -3 or TL-4 COMPLIANT when installed according to manufactures specifications

ALL STEEL USED WAS MELTED AND MANUFACTURED IN USA AND COMPLIES WITH THE BUY AMERICA ACT

ALL GUARDRAIL MEETS AASHTO M-180, ALL STRUCTURAL STEEL MEETS ASTM A36

ALL COATINGS PROCESSES OF THE STEEL OR IRON ARE PERFORMED IN USA AND COMPLIES WITH THE "BUY AMERICA ACT"

ALL GALVANIZED MATERIAL CONFORMS WITH ASTM-123, UNLESS OTHERWISE STATED.

BOLTS COMPLY WITH ASTM A-307 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.
NUTS COMPLY WITH ASTM A-563 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.
WASHERS COMPLY WITH ASTM F-436 SPECIFICATION AND/OR F-844 AND ARE GALVANIZED IN ACCORDANCE WITH ASTM F-2329.

3/4" DIA CABLE 6X19 ZINC COATED SWAGED END AISI C-1035 STEEL ANNEALED STUD 1" DIA ASTM 449 AASHTO M30, TYPE Il BREAKING

STRENGTH -49100 LB

State of Texas, County of Tarrant. Sworn and Subscribed before me this 7th day of February, 2012 Trinity Highway

Certified By:

Notary Public: Quality Assuranc

Commission Expires:

2 0f 2
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Certified Analysis 8 2
S )
Trinity Highway Products, LLC ‘ '
2548 N.E. 28th St. Order Number: 1164715
Ft Worth, TX 76111 Customer PO: Samples Asof:2/7/12
Customer: SAMPLES, TESTING,TRAINING MTRLS BOL Number: 40480
2525 STEMMONS FRWY Document #: 1
Shipped To: TX
DALLAS, TX 75207 Use State: TX
Project: SAMPLES & TESTING TRAINING MTRLS
Qty Part# Description Spec CL TY Heat Code/ Heat # Yield TS Elg C Mn P S Si Cu Cb Cr Vn ACW
6 111G 12/12'6/3"1.5/8 A-500 2 202248 53,600 75,500 290 0.190 0.780 0.011 0,020 0.120 0.120 0.00 0.050 0.002 4
M-180 A 2 101800 50,000 73,300 30.0 0.190 0.750 0.0120.002 0.020 0.120 0.000 0.070 0.002 4
M-180 A 2 101802 51,800 74,700 29.0 0.190 0.770 0.009 0.002 0.020 0.120 0.000 0.050 0.002 4
M-180 A 2 101804 54,500 75,800 28.0 0.190 0.800 0.0110.002 0.020 0.120 0.000 0.050 0.002 4
M-180 A 2 102475 58,700 79,800 250 0200 0.820 0.0100.010 0.007 0.130 0.0000.050 0.000 4
M-180 A 2 102476 58,100 77,900 26.0 0.190 0.750 0.0090.001 0.020 0.130 0.000 0.060 0.002 4
M-180 A 2 202249 51,800 74,500 30.0 0.190 0.790 0.0100.002 0.020 0.120 0.000 0.050 0.002 4
M-180 A 2 202250 54,100 76,100 27.0 0200 0.820 0.0120.002 0.020 0.120 0.0000.050 0.003 4
M-180 A 2 202938 57,600 80,400 25.0 0.190 0.830 0.009 0.001 0.020 0.130 0.000 0.050 0.003 4
M-180 A 2 202939 56,800 78,400 25.0 0.190 0.770 0.009 0.004 0.020 0.130 0.000 0.050 0.003 4
14 533G 6'0 POST/8.5/DDR A-36 1017017 53,642 71,899 268 0,110 0,960 0.008 0.038 0.180 0260 0.00 0.090 0.004 4
533G A-36 1017007 53,613 72,244 257 0.120 0.930 0.012 0.040 0.180 0.360 0.00 0.140 0.003 4
531G A-36 1016666 56,666 73,288 29.7 0.110 0.940 0.013 0.037 0.190 0.320 0.00 0.150 0.004 4
533G A-36 1017003 55,742 71,204 243 0.100 0.950 0.014 0.046 0.180 0.300 0.00 0.160 0.004 4
2 980G TL0/END SHOE/SLANT A-36 125745 58,100 66,100 31.9 0.050 0.570 0.012 0,003 0,030 0.100 001 0.050 0.000 4
4 12227G T12/12'6/3'1.5:6@1'6.75/S M-180 A 2 150054 61,580 80,600 250 0.190 0.720 0.010 0.003 0.010 0.130 0.00 0.060 0.001 4
12 14784G  7'0 POST/8.5#/3HI TX A-36 1014849 50,787 69,032 256 0.100 0.960 0.015 0.037 0.180 0310 0.00 0.180 0.003 4
14784G A-36 1014844 53,141 69,983 28.3 0.110 0.960 0.010 0.037 0.180 0.330 0.00 0.110 0.003 4
14784G A-36 1014840 57,069 73,001 304 0.110 0960 0.010 0.035 0.170 0.320 0.00 0.150 0.004 4
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Trinity Highway Products, LLC
2548 N.E. 28th St.
It Worth, TX 76111

Certified Analysis

Order Number: 1164715

Customer PO: Samples

ay Pr
é@ﬂ\‘ Dd,,_,%:

= ©

Al 4

Asof: 21112
Customer: SAMPLES, TESTING,TRAINING MTRLS BOL Number: 40480
2525 STEMMONS FRWY Document #: 1
Shipped Ta: TX
DALLAS, TX 75207 Use State: TX
Project: SAMPLES & TESTING TRAINING MTRLS
Qty Part# Description Spec CL TY Heat Code/ Heat # Yield TS Elg C  Mn P S Si Cu Cb Cr Vn ACW
147R4G A-36 1014843 55,191 72,737 297 0.110 0950 0.010 0.035 0.180 0.310 0.00 0.120 0.003 4
2 14785G  6'0 POST/R.5#/211 TX A-36 1013730 50,597 70,003 26.7 0.110 0.970 0.012 0.032 0.180 0.270 0.00 0.140 0.004 4
2 14786G  6'0 POST/8.5#/TRANS TX A-36 1014843 55,191 72,737 297 0.110 0950 0.010 0.035 0.180 0.310 0.00 0.120 0.003 4
2 32218G  TIO/TRAN/TB:WB/ASYM/R  M-180 B 2 24240 66,000 77,100 33.1 0.060 1.250 0.011 0.004 0.021 0.030 0.04 0030 0.004 4
2 35247A  CONN PL40"X20" RT MO A-36 BO56774 59,800 70,100 319 0.200 0.410 0.010 0.007 0.060 0.290 0.00 0.080 0.001 4

TL -3 or TL-4 COMPLIANT when installed according to manufactures specifications

Upon delivery, all materials subject to Trinity Highway Products , LLC Storage Stain Policy No. LG-002.
ALL STEEL USED WAS MELTED AND MANUFACTURED IN USA AND COMPLIES WITH THE BUY AMERICA ACT.

ALL GUARDRAIL MEETS AASHTO M-180, ALL STRUCTURAL STEEL MEETS ASTM A36
ALL COATINGS PROCESSES OF THE STEEL OR IRON ARE PERFORMED IN USA AND COMPLIES WITH THE "BUY AMERICA ACT"

ALL GALVANIZED MATERIAL CONFORMS WITH ASTM-123, UNLESS OTHERWISE STATED.

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

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

WASHERS COMPLY WITH ASTM F-436 SPECIFICATION AND/OR F-844 AND ARE GALVANIZED IN ACCORDANCE WITH ASTMF-2329.
3/4" DIA CABLE 6X19 ZINC COATED SWAGED END AISI C-1035 STEEL ANNEALED STUD 1" DIA ASTM 449 AASHTO M30, TYPE Il BREAKING

STRENGTH -459100 LB
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Certified Analysis

Trinity Highway Products, LLC

2548 N.E. 28th St. Order Number: 1164715
Ft Worth, TX 76111 Customer PO: Samples
Customer: SAMPLES, TESTING,TRAINING MTRLS BOL Number: 40480
2525 STEMMONS FRWY Document #: 1
Shipped To: TX
DALLAS, TX 75207 Use State: TX

Project:  SAMPLES & TESTING TRAINING MTRLS

/A

wiay Prog,
T g,
N Y

W

Asof:2/712

T}yn!-

State of Texas, County of Tarrant. Sworn and subscribed before me this 7th day of February, 2012

Notary Public:
Commission Expires:

LUGINSLAND
MY COMMISSION EXPIRES
May 24, 2015

ay Pro

il

?Euality Assurance
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Certified Test Report

MNORTH STAR BLUESCOPE STEEL LLC
6767 County Road 9

Delta, Ohjo 43515

Telephone: (888) 822-2112

Customer:

Trinity Industries

1170 N. State St, Order Number 113524 Ordered Width (mmv/in)  1571.300 /59.500

Girard, OH 44420 Line tem Numbar 1 Ordered Gauge (mmin) 2.438/0.086

Customer P,O.: 117636 Heat Number 70078 Material Description ASTM A368, 1021 CQ Modified
SC;;"' ReflPart # guardrail - ¢ o b 597652 Production Date/Time  Aug 1 2005 7:13PM

Heat Chemical Analysis {wt%h)

Type C |Mn | P S Si | Al | Cu Cr Ni Mo Sn N B V | Nb | Ti | Ca

Heat !0.20 0.74 10.012 { 0.002 | 0.02 | 0.02 | 0.09 0.04 0.03 0.01 0.00

0.008 0.000 | 0.001 | 0.001 | 0.0C1

Mechanical Test Report

All mechanical tesis are performet on a sample from the tall of a cuil.
Yield Strength Tensile Strength % Elongation in 2 Inches
60,770 psi 78,960 psi 28.0%

This raterial has been produced and tested in accortance wi
This report certifies that the above lest resuts arn representa

pe Steel. This product was manufactured, melted, cast, and hat-olied {min. 3:1 reducticn ratio), entirely within the U.S.A
al Notth Star Biue Scope Steel LLC, Delta, Chia, This material was not expesed o Mereury oran

y alloy which Is liquid at ambient temperature during processing or while in North Star BlueScope Steet LLC possession.
" Tes! equipment calibration certificates are available upan request. NIST traceapility is established throu,

gh lest equipment calibration cerfificates which are avalable upen request. Uncensinty caleulztions are
cakculated in accordance with NIST sland: )

ards and are maintzined at 2 4: ratio in accerdance with NIST standards. Uncedzinty datz is available Upon request.

>

T ,
- - ) . Date Issued: Aug 17, 2005 14:3614
Tim Mitchell _ //ﬁﬂ SED Manager Quality Assurance and Technology Revisioni 01 g



DARLING BOLT COMPANY
2941 E. 10 MILE ROAD
WARREN, MI 48091-1300
(586) 757-4100
FAX (586) 757-1555

MATERIAL CERTIFICATION

CUSTOMER: MACK BOLT STEEL & CUSTOMER ORDER NO: 23447

MACHINE
DARLING BOLT
ORDER NO: 1169443 DATE SHIPPED: 8/6/12
CUSTOMER PART NO: QUANTITY SHIPPED: 1PC

DESCRIPTION: 7/8-9X22 HEX HD CAP LOT NO: 6000512/F2J0226100
CUT FROM 7/8-9X24 GRS PLAIN

CUSTOMER SPECIFICATION: SAE J429  COUNTRY OF ORIGIN: KOREA

STEEL TYPE: 4140 STEEL HEAT NO: U693219
STEEL CHEMISTRY

C MN P S SI NI CR MO CU AL
40 77 016 012 21 .09 1.03 A7 A2 013

PHYSICAL PROPERTIES
TENSILE STRENGTH  YIELD STRENGTH RED. OF SURFACE HDN CORE HDN
PSI TEST PSI ELONG AREA% R30N RC BHN RC
REQ RESULTS %o
120,000 169,425 157,275 16 35 56.5 36

“T certify that the material or product described in this report has been inspected and/or tested, and that such
specimens or samples as have been inspected or tested were taken from the lot of quantity described herein
and the material meets the blueprint specification or other requirements specifically stated on the purchase
order.”

DARLING BOLT COMPANY

Marina Meriggi
Quality Assurance
Marina(@darlingbolt.com

TR No. 405160-34-1 70 2012-11-27



DARLING BOLT COMPANY
2941 E. 10 MILE ROAD
WARREN, MI 48091-1300
(586) 757-4100
FAX (586) 757-1555

MATERIAL CERTIFICATION

CUSTOMER: MACK BOLT STEEL & CUSTOMER ORDER NO: 23447

MACHINE

DARLING BOLT
ORDER NO: 1169443 DATE SHIPPED: 8/6/12
CUSTOMER PART NO: QUANTITY SHIPPED: 4 PC
DESCRIPTION: 7/8-9X18 HEX HD CAP LOT NO: 6000928/F212531400

GR35 PLAIN
CUSTOMER SPECIFICATION: SAE J429  COUNTRY OF ORIGIN: KOREA

ASTM A449
STEEL TYPE: S43C STEEL HEAT NO: 313232
STEEL CHEMISTRY
C MN P S S1 NI CR MO CU AL
44 71 012 014 21 07 16 .03 17
PHYSICAL PROPERTIES

TENSILE STRENGTH  YIELD STRENGTH RED. OF SURFACE HDN CORE HDN
PSI TEST PSI ELONG AREA% R30N RC BHN RC
REQ RESULTS %o
120,000 137,825 109,575 19 51 51 29

“T certify that the material or product described in this report has been inspected and/or tested, and that such
specimens or samples as have been nspected or tested were taken from the lot of quantity described herein
and the material meets the blueprint specification or other requirements specifically stated on the purchase
order.”

DARLING BOLT COMPANY

Marina Meriggi
Quality Assurance
Marina@darlingbolt.com

TR No. 405160-34-1 71 2012-11-27



DARLING BOLT COMPANY
2941 E. 10 MILE ROAD
WARREN, MI 48091-1300
(586) 757-4100
FAX (586) 757-1555

MATERIAL CERTIFICATION

CUSTOMER: MACK BOLT STEEL & CUSTOMER ORDER NO: 23447

MACHINE

DARLING BOLT
ORDER NO: 1169443 DATE SHIPPED: 8/6/12
CUSTOMER PART NO: QUANTITY SHIPPED: 4 PC
DESCRIPTION: 7/8-9X16 HEX HD CAP LOT NO: 6001486/F2K 1942000

GRS PLAIN
CUSTOMER SPECIFICATION: SAE J429  COUNTRY OF ORIGIN: KOREA

ASTM A449
STEEL TYPE: S§45C STEEL HEAT NO: 313229
STEEL CHEMISTRY
C MN P S S1 NI CR MO CuU AL
44 .69 .009 013 21 .05 11 02 14
PHYSICAL PROPERTIES

TENSILE STRENGTH  YIELD STRENGTH RED. OF SURFACE HDN CORE HDN
PSI TEST PSI ELONG AREA% R30N RC BHN RC
REQ RESULTS %
120,000 135,375 105,675 20 50 52 27

“I certify that the material or product described in this report has been inspected and/or tested, and that such
specimens or samples as have been inspected or tested were taken from the lot of quantity described herein
and the material meets the blueprint specification or other requirements specifically stated on the purchase
order.”

DARLING BOLT COMPANY

Marina Meriggi
Quality Assurance
Marina@darlingbolt.com

TR No. 405160-34-1 72 2012-11-27



DARLING BOLT COMPANY
2941 E. 10 MILE ROAD
WARREN, MI 48091-1300
(586) 757-4100
FAX (586) 757-1555

MATERIAL CERTIFICATION

CUSTOMER: MACK BOLT STEEL & CUSTOMER ORDER NO: 23447

MACHINE

DARLING BOLT
ORDER NO: 1169443 DATE SHIPPED: 8/6/12
CUSTOMER PART NO: QUANTITY SHIPPED: 3 PC
DESCRIPTION: 7/8-9X14 HEX HD CAP LOT NO: 6000898/F212280000

GRS PLAIN
CUSTOMER SPECIFICATION: SAE J429  COUNTRY OF ORIGIN: KOREA

ASTM A449
STEEL TYPE: 545C STEEL HEAT NO: SW03229
STEEL CHEMISTRY
C MN P S S1 NI CR MO Cu Al
44 .69 015 007 21
PHYSICAL PROPERTIES

TENSILE STRENGTH  YIELD STRENGTH RED. OF SURFACE HDN CORE HDN
PSI TEST PSI ELONG AREA% R30N RC BHN RC
REQ RESULTS %
120,000 138,025 121,900 20 52 51 30

“T certify that the material or product described in this report has been inspected and/or tested, and that such
specimens or samples as have been inspected or tested were taken from the lot of quantity described herein
and the material meets the blueprint specification or other requirements specifically stated on the purchase
order.”

DARLING BOLT COMPANY

Marina Meriggi
Quality Assurance
Marina@darlingbolt.com

TR No. 405160-34-1 73 2012-11-27






APPENDIX E. CRASH TEST NO. 405160-34-1
El. VEHICLE PROPERTIES AND INFORMATION

Table E1. Vehicle properties for test 405160-34-1.

Date:  2012-08-10 Test No.: 405160-34-1 VIN No.: 1D7HA18X7J531594
Year: 2007 Make: Dodge Model: Ram 1500
Tire Size: 265/70R17 Tire Inflation Pressure: 35 psi
Tread Type: Highway Odometer: 129681
Note any damage to the vehicle prior to test:
X
® Denotes accelerometer location. ﬁ:w_..
NOTES: I ] 1 T TIIE /] T I
A M - - ———-— N T
Engine Type: V-8 i
Engine CID: 4.7 liter TRACK
Transmission Type:
X Auto or Manual
FWD x RWD 4WD

Optional Equipment:

o b —————— o]

o T 1
Dummy Data: ¢ I I—f }K %
Type: No dummy

Mass:

Seat Position:

Geometry: inches | c i
A 78.25 F 36.00 K 20.50 P 2.88 U 28.50
B 75.00 G 28.50 L 29.12 Q 31.25 \% 29.50
C 223.75 H 62.12 M 68.50 R 18.38 W 60.50
D 47.25 | 13.75 N 68.00 S 12.00 X 78.00
E 140.50 J 25.38 0] 44,50 T 77.50
Wheel Center Wheel Well Bottom Frame
Height Front 14.75 Clearance (Front) 5.00 Height - Front 17.125
Wheel Center Wheel Well Bottom Frame
Height Rear 14.75 Clearance (Rear) 10.25 Height - Rear 24.75

RANGE LIMIT: A=78 £2 inches; C=237 +13 inches; E=148 +12 inches; F=39 3 inches; G => 28 inches; H = 63 t4 inches;

0=43 +4 inches; M+N/2=67 +£1.5 inches

GVWR Ratings: Mass: Ib Curb Test Inertial Gross Static
Front 3700 Mront 2853 2804
Back 3900 Mear 2057 2222
Total 6700 Motal 4910 5026
(Allowable Range for TIM and GSM = 5000 Ib £110 Ib)
Mass Distribution:
Ib LF: 1410 RF: 1394 LR: 1115 RR: 1107
TR No. 405160-34-1 75 2012-11-27



Table E2. Measurements of vehicle vertical CG for test 405160-34-1.

Date: 2012-08-10  Test No.: 405160-34-1 VIN: 1D7HA18X7J531594

Year: 2007 Make: Dodge Model: Ram 1500

Body Style: Quad Cab Pickup Mileage: 129681

Engine: V-8 4.7 liter Transmission: Automatic

Fuel Level: Empty Ballast: 19 Ib weight at front of bed (440 Ib max)
Tire Pressure: Front: 35  psi Rear: 35  psi Size: 265/70R17

Measured Vehicle Weights: (Ib)

LF: 1410 RF: 1394 Front Axle: 2804
LR: 1115 RR: 1107 Rear Axle: 2222
Left: 2525 Right: 2501 Total: 5026
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: 62.12 in Rear of Front Axle (63 +4 inches allow ed)
Y: -0.16 in Left - Right + of Vehicle Centerline
Z 28.5 in Above Ground (minumum 28.0 inches allow ed)
Hood Height: 44.50 inches Front Bumper Height: 25.3785 inches

43 +4 inches allowed

Front Overhang: 36.00 inches Rear Bumper Height: 29.125 inches

39 +3 inches allowed

Overall Length: 223.75 inches

237 £13 inches allowed

TR No. 405160-34-1 76 2012-11-27



Table E3. Exterior crush measurements for test 405160-34-1.

Date:  2012-08-10 Test No.: 405160-34-1 VIN No.: 1D7HA18X7J531594

Year: 2007 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 N
>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 23 13 24 13 9 7 35 1.5 0 -12
2 Side plane at bumper ht 23 17 40 0 3.5 8 11 15 17 +67

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 E4. Occupant compartment measurements for test 405160-34-1.

Date:  2012-08-10 Test No.: 405160-34-1 VIN No.: 1D7HA18X7J531594

Year: 2007 Make: Dodge Model: Ram 1500

OCCUPANT COMPARTMENT
DEFORMATION MEASUREMENT

) N / Before After
\ (inches) (inches)
J E‘l E2 E3 E4 Al 64.50 64.00
. A2 64.50 64.25
TVl A3 65.00 65.00
B1 42.12 41.50
B2 39.00 39.00
B3 45.12 45.50
B4 42.12 42.12
B5 44.75 44.75
B6 42.12 42.12
| C1 29.25 24.25
C2
C3 26.00 26.00
D1 12.75 14.50
D2
‘ D3 11.50 11.50
( 52,5 E1l 62.50 61.75
B1,4 | E2 64.25 65.50
IS P p— E3 63.75 63.50
‘ E4 64.00 64.00
# = 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* 62.00 09.12
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E2. SEQUENTIAL PHOTOGRAPHS

0.000 s

0.059 s

0.119s

0.178 s

Figure E1. Sequential photographs for test 405160-34-1
(field side and frontal views).
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0.237 s

0.297 s

0.356 s

0.415s

Figure E1. Sequential photographs for test 405160-34-1
(field side and frontal views) (continued).
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Angles (degrees)

Roll, Pitch, and Yaw Angles

40
—
/\_/
30 /
Test Number: 405160-34-1
Test Standard Test No.: MASH Test 3-21
20 Test Article: Transition from Pinned to Rigid Concrete Barrier
Test Vehicle: 2007 Dodge Ram 1500
Inertial Mass: 5026 Ib
Impact Speed: 62.8 mph
10 / Impact Angle: 25.7 degrees
0
-10
\\—/
20 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
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Axes are vehicle-fixed.

Sequence for determining

orientation:
1. Yaw.
2. Pitch.
3. Roall

Figure E2. Vehicle angular displacements for test 405160-34-1.
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Test Number: 405160-34-1

Test Standard Test No.: MASH Test 3-21

Test Article: Transition from Pinned to Rigid Concrete Barrier
Test Vehicle: 2007 Dodge Ram 1500
Inertial Mass: 5026 Ib

Impact Speed: 62.8 mph
Impact Angle: 25.7 degrees
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Figure E3. Vehicle longitudinal accelerometer trace for test 405160-34-1
(accelerometer located at center of gravity).
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Test Number: 405160-34-1

Test Vehicle: 2007 Dodge Ram 1500
Inertial Mass: 5026 Ib

Impact Speed: 62.8 mph
Impact Angle: 25.7 degrees

Test Standard Test No.: MASH Test 3-21
Test Article: Transition from Pinned to Rigid Concrete Barrier
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Figure E4. Vehicle lateral accelerometer trace for test 405160-34-1
(accelerometer located at center of gravity).
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Test Number: 405160-34-1
Test Standard Test No.: MASH Test 3-21
Test Article: Transition from Pinned to Rigid Concrete Barrier
Test Vehicle: 2007 Dodge Ram 1500
10 Inertial Mass: 5026 Ib

Impact Speed: 62.8 mph
Impact Angle: 25.7 degrees
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Figure ES5. Vehicle vertical accelerometer trace for test 405160-34-1

(accelerometer located at center of gravity).
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Figure E6. Vehicle longitudinal accelerometer trace for test 405160-34-1

(accelerometer located rear of center of gravity).
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Test Standard Test No.: MASH Test 3-21

Test Article: Transition from Pinned to Rigid Concrete Barrier

Test Vehicle: 2007 Dodge Ram 1500
Inertial Mass: 5026 Ib
Impact Speed: 62.8 mph
Impact Angle: 25.7 degrees
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Figure E7. Vehicle lateral accelerometer trace for test 405160-34-1
(accelerometer located rear of center of gravity).
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Test Number: 405160-34-1
Test Standard Test No.: MASH Test 3-21
Test Article: Transition from Pinned to Rigid Concrete Barrier
Test Vehicle: 2007 Dodge Ram 1500

10 - Inertial Mass: 5026 Ib

Impact Speed: 62.8 mph
Impact Angle: 25.7 degrees
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Figure E8. Vehicle vertical accelerometer trace for test 405160-34-1
(accelerometer located rear of center of gravity).

0.6 0.7

0.8

0.9 1.0




	Test Report No. 405160-34-1
	Disclaimer
	Technical Report Documentation Page
	Table of Contents
	List of Figures
	List of Tables

	1.  INTRODUCTION
	1.1 PROBLEM
	1.2 BACKGROUND
	1.3 OBJECTIVES/SCOPE OF RESEARCH

	2.  DESIGN AND ANALYSIS0F
	2.1 RIGID BARRIER SELECTION

	3.  SYSTEM DETAILS
	3.1 TEST ARTICLE DESIGN AND CONSTRUCTION
	3.2 MATERIAL SPECIFICATIONS

	4.  TEST REQUIREMENTS AND EVALUATION CRITERIA
	4.1 CRASH TEST MATRIX
	4.2 EVALUATION CRITERIA

	5.  TEST CONDITIONS
	5.1 TEST FACILITY
	5.2 VEHICLE TOW AND GUIDANCE SYSTEM
	5.3 DATA ACQUISITION SYSTEMS
	5.3.1 Vehicle Instrumentation and Data Processing
	5.3.2 Anthropomorphic Dummy Instrumentation
	5.3.3 Photographic Instrumentation and Data Processing


	6.  CRASH TEST 405160-34-1 (MASH TEST NO. 3-21)
	6.1 TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS
	6.2 TEST VEHICLE
	6.3 WEATHER CONDITIONS
	6.4 TEST DESCRIPTION
	6.5 TEST ARTICLE AND COMPONENT DAMAGE
	6.6 TEST VEHICLE DAMAGE
	6.7 OCCUPANT RISK VALUES
	6.8 ASSESSMENT OF TEST RESULTS
	6.8.1 Structural Adequacy
	6.8.2 Occupant Risk
	6.8.3 Vehicle Trajectory


	7.  SUMMARY AND CONCLUSIONS
	7.1 SUMMARY OF RESULTS
	7.2 CONCLUSIONS
	7.3 IMPLEMENTATION1F

	REFERENCES
	APPENDIX A.  COMPARISON OF RIGID BARRIER DESIGNS
	APPENDIX B.  DETAILS OF TEST ARTICLE
	APPENDIX C.  CONCRETE BREAK
	APPENDIX D.  SUPPORTING CERTIFICATION DOCMENTS
	APPENDIX E.  CRASH TEST NO. 405160-34-1
	E1. VEHICLE PROPERTIES AND INFORMATION
	E2.  SEQUENTIAL PHOTOGRAPHS
	E3.  VEHICLE ANGULAR DISPLACEMENTS
	E4.  VEHICLE ACCELERATIONS


