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CHAPTER 1. INTRODUCTION

1.1 INTRODUCTION

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

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

1.2 BACKGROUND

The TxDOT Type T101RC Bridge Rail has been widely used as a retrofit for obsolete
bridge rails mounted on a deck curb. The T101RC was 27 inches in height and anchored to the
curb using four adhesive anchors. The height of the posts and the number of bridge rail elements
varied depending on the height of the concrete curb. Based on unsatisfactory crash test
performance of rail designs of similar height, TxXDOT decided to develop a new retrofit bridge
rail system that meets the American Association of State Highway and Transportation Officials
(AASHTO) Manual for Assessing Safety Hardware (MASH) (1). This new bridge rail system,
known as the TxDOT T131RC Bridge Rail, was successfully crash tested in according with
MASH Test Level 3 (TL-3) and was recommended for implementation on new or retrofit railing
applications (2). The implementation of this new bridge rail created a need to develop a
transition from standard guardrail to the TxDOT T131RC Bridge Rail.

1.3 OBJECTIVES/SCOPE OF RESEARCH
This project developed a transition for connecting a 31-inch tall W-beam guardrail to the

TxDOT T131RC Bridge Rail. The transition was required to meet the impact performance
criteria for MASH TL-3.

TR No. 9-1002-12-4 1 2012-10-25






CHAPTER 2. SYSTEM DETAILS

2.1 TEST ARTICLE DESIGN AND CONSTRUCTION

The TxDOT T131RC Bridge Rail Transition consists of a two nested 12 gage thrie beam
sections supported by six W6x8.5 posts spaced at 37" inches on centers. The nested thrie beams
connect to a 10 gage asymmetric transition piece on the upstream end. This asymmetric
transition section was connected to approximately 56 ft-3 inches of W-beam guardrail with an
ET anchor terminal. The nested thrie beam transition was connected to a 10 gage end shoe on
the downstream end. This end shoe was anchored to the end of the T131RC Bridge Rail. The
overall length of the test installation was approximately 79 ft-6%4 inches.

The height to the top of the W-beam guardrail and transition was 31 inches above
finished grade. The end shoe rail of the nested thrie beam sections were attached to the traffic
face of the HSS6x6x1/4 tubes used for the TI31RC Bridge Rail. Two steel fill blocks were
located between the HSS6x6%1/4 tubes and were attached to the T131RC Bridge Rail tubes
using two Ya-inch diameter x 20 inches long bolts. These fill blocks were mounted flush to the
HSS6x6xY, tubes in the bridge rail. The fill blocks were fabricated using HSS6x6x%4 tubes and
were tapered on the exposed end in the installation. The thrie beam transition end shoe was
attached to the end of the T131RC Bridge Rail using three 7s-inch diameter A325 bolts. The thrie
beam end shoe was anchored to the end of the rail and fill blocks near the W6x15 anchor post in
the concrete curb. This anchor post was anchored within a 12-inch diameter by 30-inch deep
concrete footing. This post and footing was constructed within an 80-inch long concrete curb
constructed on the end of the T131RC Bridge Rail test installation.

Texas A&M Transportation Institute (TTI) Proving Ground personnel constructed
80 inches of concrete curb for this project. This concrete curb was 12 inches wide and 11 inches
high and closely matched the traffic side face of the concrete curb used for the T131RC Bridge
Rail. The concrete curb extended approximately 62 inches from the end of the TI31RC Bridge
Rail curb and tapered 6 inches back from the traffic side over a distance of 18 inches. The width
of the curb was 6 inches at the end. The curb was 11 inches in height above grade and 12 inches
below grade. A W6x15 end anchor post was located 60 inches from the centerline of the last
T131RC Bridge Rail post located on the bridge rail test installation. This anchor post was cast
within a 12-inch diameter by 30-inch deep unreinforced concrete footing. This footing was cast
monolithically with the concrete curb. The concrete transition curb was not anchored to the
concrete curb or deck for the TI31RC Bridge Rail installation. Reinforcement in the concrete
curb and footing consisted of #3 “U” shaped stirrups spaced approximately 10 inches on centers.
Six #3 longitudinal bars were located within these stirrups. Concrete for the concrete curb and
footing was specified to be 3600 psi.

Figure 2.1 gives overall details of the TxDOT T131RC Bridge Rail Transition, and a

complete set of drawings can be found in Appendix A. Figure 2.2 shows photographs of the
completed installation prior to testing.
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2.2 MATERIAL SPECIFICATIONS

The fill blocks were fabricated using HSS6x6x%4 A500 Grade B material with welded
A36 plate. All tubular rail elements were fabricated using HSS6x6x%4 A500 Grade B material.
All reinforcing steel was specified to be ASTM A615 grade 60 material. All hex head bolts
connecting the end shoe to the T131RC bridge rail were specified to be A325 structural bolts.
All other bolts (button head bolts) used in the installation were A307 grade. Appendix B
provides the material certification documents.

Concrete for the concrete curb and footing was specified to be 3600 psi. Compressive
strength on the concrete used to construct the curb was measured at 4038 psi on the day of test
no. 490022-6 (7 days of age). Compressive strength of the concrete on the day of test no.
490022-8 (11 days of age) was measured at 4436 psi.

2.3 SOIL CONDITIONS

In accordance with Appendix B of MASH, soil strength was measured on the day of each
crash test. During installation of the TxDOT T131RC Bridge Rail Transition, two standard
W6x16 posts were installed in the immediate vicinity of the transition, utilizing the same fill
materials and installation procedures followed for the guardrail system and used in the reference
tests (see Appendix C, Figure C1).

As the reference tests in Appendix C, Figure C1 show, the minimum post loads required
for deflections at 5 inches, 10 inches, and 15 inches, measured at a height of 25 inches, are
3940 Ib, 5500 Ib, and 6540 Ib, respectively (90 percent of static load for the initial standard
installation).

On the day of test 490022-6, May 25, 2012, load on the test post at deflections of
5 inches, 10 inches, and 15 inches was 8969 Ibf, 9575 Ibf, and 9181 Ibf, respectively. The
strength of the backfill material met minimum requirements (see Appendix C, Figure C2).

On the day of test 490022-8, June 29, 2012, load on the test post at deflections of
5 inches, 10 inches, and 15 inches was 7667 1bf, 7636 Ibf, and 7333 Ibf, respectively. The
strength of the backfill material met minimum requirements.



CHAPTER 3. TEST REQUIREMENTS AND EVALUATION CRITERIA

3.1 CRASH TEST MATRIX

According to MASH, two tests are recommended to evaluate bridge rail 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-Ib 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.

MASH test 3-20 for a transition section is an optional test to evaluate the occupant risk
and post-impact trajectory criteria for all test levels. This test should be conducted if there is
reasonable uncertainty regarding the impact performance of the system for impacts with small
passenger vehicle. Due to the geometry of the transition design and certain structural
components in the transition area, namely the curb, the research team decided that this test was
necessary to evaluate the crash performance of the new transition design.

Procedures in MASH section 2.3.2.1 were used by the research team to calculate the CIP
for each test. The target CIP for MASH test 3-20 with the small car was 5.0 ft upstream of
centerline of anchor post in concrete curb (post 20). The target CIP for MASH test 3-21 with the
pickup was 6.8 ft upstream of centerline of anchor post in concrete curb (post 20).

The crash test and data analysis procedures were in accordance with guidelines presented
in MASH. Chapter 4 presents brief descriptions of these procedures.

3.2 EVALUATION CRITERIA

The crash test was evaluated in accordance with the criteria presented in MASH. The
performance of the TxDOT T131RC Bridge Rail Transition 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 TxDOT T131RC Bridge Rail Transition to contain
and redirect the vehicle, or bring the vehicle to a controlled stop in a predictable manner.
Occupant risk criteria evaluate the potential risk of hazard to occupants in the impacting vehicle,
and, to some extent, other traffic, pedestrians, or workers in construction zones, if applicable.
Post-impact vehicle trajectory is assessed to determine potential for secondary impact with other
vehicles or fixed objects, creating further risk of injury to occupants of the impacting vehicle
and/or risk of injury to occupants in other vehicles. The appropriate safety evaluation criteria
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from Table 5-1 of MASH were used to evaluate the crash test reported here and are listed in
further detail under the assessment of the crash test.
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CHAPTER 4. CRASH TEST PROCEDURES

4.1 TEST FACILITY

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

The TTI Proving Ground is a 2000-acre complex of research and training facilities
located 10 miles northwest of the main campus of Texas A&M University. The site, formerly an
Air Force base, has large expanses of concrete runways and parking aprons well-suited for
experimental research and testing in the areas of vehicle performance and handling, vehicle-
roadway interaction, durability and efficacy of highway pavements, and safety evaluation of
roadside safety hardware. The site selected for construction and testing of the TxDOT T131RC
Bridge Rail Transition evaluated under this project was along the edge of an out-of-service
apron. The apron consists of an unreinforced jointed-concrete pavement in 12.5 ft x 15 ft blocks
nominally 6 inches deep. The apron is over 60 years old, and the joints have some displacement,
but are otherwise flat and level.

4.2  VEHICLE TOW AND GUIDANCE PROCEDURES

Each 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 unrestrained. The vehicle remained free-wheeling (i.e., no steering or braking
inputs) until it cleared the immediate area of the test site, after which the brakes were activated to
bring it to a safe and controlled stop.

43 DATA ACQUISITION SYSTEMS
4.3.1 Vehicle Instrumentation and Data Processing

Each 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
hardware and software conform to the latest SAE J211, Instrumentation for Impact Test. Each of
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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 are measured with an expanded
uncertainty of +1.7 percent at a confidence factor of 95 percent (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 percent at a confidence factor of
95 percent (k=2).

4.3.2 Anthropomorphic Dummy Instrumentation

An Alderson Research Laboratories Hybrid II, 50" percentile male anthropomorphic
dummy, restrained with lap and shoulder belts, was placed in the driver’s position of the 1100C
vehicle. The dummy was uninstrumented. According to MASH, the use of a dummy in the
2270P vehicle is optional. Researchers did not use a dummy in the test with the 2270P vehicle.

4.3.3 Photographic Instrumentation and Data Processing

Photographic coverage of the tests 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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CHAPTER 5. CRASH TEST NO. 490022-6 (MASH 3-20)

5.1 TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS

MASH test 3-20 involves an 1100C vehicle weighing 2425 1b £55 Ib and impacting the
test article at an impact speed of 62.2 mi/h £2.5 mi/h and an angle of 25 degrees +1.5 degrees.
The target impact point was 5.0 ft upstream of centerline of anchor post in concrete curb
(post 20). The 2006 Kia Rio used in the test weighed 2423 Ib and the actual impact speed and
angle were 61.5 mi/h and 25.6 degrees, respectively. The actual impact point was 5.0 ft
(60.5 inches) upstream of post 20. Target impact severity (IS) was 55.7 kip-ft, and the actual IS
was 57.2 kip-ft.

5.2 TEST VEHICLE

A 2006 Kia Rio, shown in Figures 5.1 and 5.2, was used for the crash test. Test inertia
weight of the vehicle was 2423 1b, and its gross static weight was 2602 1b. The height to the
lower edge of the vehicle bumper was 7.12 inches, and it was 21.00 inches to the upper edge of
the bumper. Table D1 in Appendix D give additional dimensions and information on the
vehicle. The vehicle was directed into the installation using the cable reverse tow and guidance
system, and was released to be free-wheeling just prior to impact.

5.3 WEATHER CONDITIONS

The test was performed on the morning of May 25, 2012. Weather conditions at the time

of testing were as follows: wind speed: 14 mi/h; wind direction: The raference for

168 degrees with respect to the vehicle (vehicle was traveling in Vool s 55 ¢ 7

a northwesterly direction), temperature: 86°F, relative humidity: o _ :(GG(:D —_—
65 percent. . 1807

5.4 TEST DESCRIPTION

The 2006 Kia Rio, traveling at an impact speed of 61.5 mi/h, impacted the TxDOT
T131RC Bridge Rail Transition 60.5 inches upstream of post 20 at an impact angle of
25.6 degrees. At approximately 0.012 s after impact, the thrie beam guardrail began to deflect
toward the field side, and at 0.024 s, the vehicle began to redirect. The concrete transition curb
began to deflect toward the field side at 0.029 s, and a crack formed in the concrete bridge rail
curb downstream of post 21 at 0.053 s. The concrete bridge rail curb under post 21 began to
crack at 0.057 s with some of the pieces of concrete spalling off at 0.220 s. At 0.307 s, the
vehicle lost contact with the bridge rail traveling at an exit speed and angle of 44.8 mi/h and
4.4 degrees, respectively. Brakes on the vehicle were not applied, and the vehicle came to rest
180 ft downstream of impact and 21 ft toward traffic lanes. Figures D1 and D2 in Appendix D
show sequential photographs of the test period.
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Figure 5.1. Vehicle/TxDOT T131RC Bridge Rail Transition Geometrics
for Test No. 490022-6.
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Figure 5.2. Vehicle before Test No. 490022-6.
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5.5 DAMAGE TO TEST INSTALLATION

Figures 5.3 and 5.4 show damage to the TI31RC Transition and bridge rail. The
transition curb deflected toward the field side 0.5 inch. No cracking of the transition curb was
noted. The concrete curb around post 21 was cracked significantly, and there was minor
cracking around post 22. The vehicle was in contact with the installation 13.3 ft. Vehicle
intrusion (formerly working width) was 7.4 inches. Maximum deflection of the thrie beam
guardrail during the test was 7.4 inches, and maximum residual deformation after the test was
1.25 inches.

5.6 VEHICLE DAMAGE

Figure 5.5 presents damage to the 1100C vehicle. The left strut and strut tower were
deformed. The front bumper, grill, hood, radiator, radiator support, left front fender, left front
tire and wheel rim, left front door, left rear door, left rear quarter panel were deformed. The
windshield sustained stress cracks from the left lower corner. Maximum crush to the exterior of
the vehicle was 12.0 inches in the front plane in the left front corner at bumper height.

Maximum occupant compartment deformation was 2.5 inches in the left front door near occupant
hip height. The floor pan and firewall were also deformed. Tables D2 and D3 in Appendix D
present the exterior crush profile and occupant compartment deformations.

5.7  OCCUPANT RISK FACTORS

Data from the accelerometer, located at the vehicle center of gravity, were digitized for
evaluation of occupant risk. In the longitudinal direction, the occupant impact velocity was
21.0 ft/s at 0.080 s, the highest 0.010-s occupant ridedown acceleration was 6.1 Gs from 0.083 to
0.093 s, and the maximum 0.050-s average acceleration was —10.8 Gs between 0.023 and
0.073 s. In the lateral direction, the occupant impact velocity was 27.6 ft/s at 0.080 s, the highest
0.010-s occupant ridedown acceleration was 6.3 Gs from 0.118 to 0.128 s, and the maximum
0.050-s average was 15.3 Gs between 0.025 and 0.075 s. Theoretical Head Impact Velocity
(THIV) was 37.7 km/h or 10.5 m/s at 0.078 s; Post-Impact Head Decelerations (PHD) was
6.9 Gs between 0.117 and 0.127 s; and Acceleration Severity Index (ASI) was 1.92 between
0.025 and 0.075 s. Figure 5.6 summarizes these data and other pertinent information from the
test. Vehicle angular displacements and accelerations versus time traces are presented in
Appendix D, Figures D3 through D9.
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Figure 5.3. Vehicle/TxDOT T131RC Bridge Rail Transition Positions
after Test No. 490022-6.
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Figure 5.4. TxDOT T131RC Bridge Rail Transition after Test No. 490022-6.
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Figure 5.5. Vehicle after Test No. 490022-6.
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5.8  ASSESSMENT OF TEST RESULTS

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

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

Results:  The TxDOT T131RC Bridge Rail Transition contained and redirected the
1100C vehicle. The vehicle did not penetrate, underride, or override the

installation. Maximum dynamic deflection during the test was 7.4 inches.
(PASS)

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

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

door below seat <12.0 inches, floor pan/transmission tunnel area
<12.0 inches).

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

Maximum occupant compartment deformation was 2.5 inches in the left
door at occupant hip height. (PASS)

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

Results:  The 1100C vehicle remained upright during and after the collision event.
Maximum roll and pitch angles were 5 degrees and 6 degrees,
respectively. (PASS)

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

Preferred Maximum
30 ft/s 40 ft/s
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Results:  Longitudinal occupant impact velocity was 21.0 ft/s, and lateral
occupant impact velocity was 27.6 ft/s. (PASS)

1. 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 6.1 G, and
lateral occupant ridedown acceleration was 6.3 G. (PASS)

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

(not less than 32.8 ft).

Result: The 1100C crossed the exit box 80.1 ft downstream of loss of contact with
the installation. (PASS)
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CHAPTER 6. CRASH TEST 490022-8 (MASH 3-21)

6.1 TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS

MASH test 3-11 involves a 2270P vehicle weighing 5000 1b =100 Ib and impacting the
test article at an impact speed of 62.2 mi/h £2.5 mi/h and an angle of 25 degrees +1.5 degrees.
The target impact point was 6.8 ft upstream of centerline of anchor post in concrete curb (post
20). The 2008 Dodge Ram 1500 pickup truck used in the test weighed 5015 Ib and the actual
impact speed and angle were 62.7 mi/h and 25.1 degrees, respectively. The actual impact point
was 7.2 ft upstream of post 20. Target IS was 115.1 kip-ft, and actual IS was 118.6 kip-ft.

6.2 TEST VEHICLE

A 2008 Dodge Ram 1500 pickup truck, shown in Figures 6.1 and 6.2, was used for the
crash test. Test inertia weight of the vehicle was 5015 b, and its gross static weight was 5015 Ib.
The height to the lower edge of the vehicle bumper was 13.75 inches, and it was 25.38 inches to
the upper edge of the bumper. The height to the vehicle’s center of gravity was 29.0 inches.
Tables E1 and E2 in Appendix E give additional dimensions and information on the vehicle.

The vehicle was directed into the installation using the cable reverse tow and guidance system,
and was released to be unrestrained just prior to impact.

6.3 WEATHER CONDITIONS

The test was performed on the morning of June 29, 2012. Weather conditions at the time
of testing were as follows: wind speed: 6 mi/h; wind

direction: 180 degrees with respect to the vehicle (vehicle was thdldfffdf ' ¢ 90°
traveling in a northwesterly direction); temperature: 90°F, shown. e e —
relative humidity: 63 percent. 0° ff/ [ g veHoLe

EEE

T 270°

6.4 TEST DESCRIPTION

The 2008 Dodge Ram 1500 pickup truck, traveling at an impact speed of 62.7 mi/h,
impacted the TxDOT T131RC Bridge Rail Transition 7.2 ft upstream of post 20 at an impact
angle of 25.1 degrees. At approximately 0.024 s, the thrie beam guardrail began to deflect
toward the field side, and at 0.050 s, the vehicle began to redirect. The transition curb began to
deflect toward the field side at 0.127 s, and the rear of the vehicle contacted the transition at
0.209 s. At 0.363 s, the vehicle lost contact with the installation traveling at an exit speed and
angle of 47.1 mi/h and 5.6 degrees, respectively. Brakes on the vehicle were applied 1.8 s after
impact, and the vehicle subsequently came to rest 202 ft downstream of impact with the left side
of the vehicle aligned with the traffic face of the bridge rail. Figures E1 and E2 in Appendix E
show sequential photographs of the test period.
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Flgure 6 1. Vehicle/TxDOT T131RC Bridge Rail Transition Geometrics
for Test No. 490022-8.
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Figure 6.2. Vehicle before Test No. 490022-8.
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6.5 DAMAGE TO TEST INSTALLATION

Figure 6.3 and 6.4 show damage to the T131RC Transition and the bridge rail. Post 14
was deflected toward the field side 0.25 inch, and post 15 was deflected toward the field side
0.5 inch. The soil around post 16 and 17 was disturbed. Post 18 was deflected toward the field
side 1.38 inches, and maximum residual deformation at post 18 was 1.0 inch. The soil around
post 19 was disturbed. The transition curb deflected toward the field side 1.5 inches. The
transition curb was not cracked, but was marred with tire marks. Significant cracking of the
bridge rail curb occurred at post 21 with slight damage at post 22. Length of contact of the
vehicle with the installation was 15.3 ft. Vehicle intrusion (formerly working width) was
15.9 inches. Maximum dynamic deflection during the test was 8.37 inches, and maximum
permanent residual deformation was 1.0 inch.

6.6 VEHICLE DAMAGE

Figure 6.5 presents damage to the 2270P vehicle. The left upper ball joint and left front
upper and lower A-arms were deformed and the rear axle was broken. The front bumper, grill,
hood, radiator, fan, water pump, left front fender, left front tire and wheel rim, left front door, left
rear door, left rear exterior bed, left rear tire and wheel rim and rear bumper were deformed. The
windshield sustained stress cracks from the right lower corner due to impact with a secondary
barrier. Maximum crush to the exterior of the vehicle was not attainable due to the secondary
impact. Maximum occupant compartment deformation was 0.25 inch in the left front door near
occupant hip height. The floor pan and firewall were also deformed. Figure 6.6 shows
photographs of the interior of the vehicle. Tables E3 and E4 in Appendix E present the exterior
crush profile and occupant compartment deformations.

6.7 OCCUPANT RISK FACTORS

Data from the accelerometer, located at the vehicle center of gravity, were digitized for
evaluation of occupant risk. In the longitudinal direction, the occupant impact velocity was
18.4 ft/s at 0.092 s, the highest 0.010-s occupant ridedown acceleration was 6.6 Gs from 0.120 to
0.130 s, and the maximum 0.050-s average acceleration was —8.0 Gs between 0.040 and 0.090 s.
In the lateral direction, the occupant impact velocity was 23.6 ft/s at 0.092 s, the highest 0.010-s
occupant ridedown acceleration was 9.4 Gs from 0.221 to 0.231 s, and the maximum 0.050-s
average was 12.4 Gs between 0.030 and 0.080 s. Theoretical Head Impact Velocity (THIV) was
32.4 km/h or 9.0 m/s at 0.090 s; Post-Impact Head Decelerations (PHD) was 9.5 Gs between
0.221 and 0.231 s; and Acceleration Severity Index (ASI) was 1.52 between 0.030 and 0.080 s.
Figure 6.7 summarizes these data and other pertinent information from the test. 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/TxDOT T131RC Bridge Rail Transition Positions
after Test No. 490022-8.
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Figure 6.5. Vehicle after Test No. 490022-8.
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Before Test

After Test

Figure 6.6. Interior of Vehicle for Test No. 490022-8.
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6.8  ASSESSMENT OF TEST RESULTS

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

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

Results:  The TxDOT T131RC Bridge Rail Transition contained and redirected the
2270P vehicle. The vehicle did not penetrate, underride, or override the

installation. Maximum dynamic deflection during the test was 8.4 inches.
(PASS)

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

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

door below seat <12.0 inches, floor pan/transmission tunnel area
<12.0 inches).

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

Maximum occupant compartment deformation was 0.25 inch in the left
door at occupant hip height. (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 21 degrees and 8 degrees,
respectively. (PASS)

L Occupant impact velocities should satisfy the following:
Longitudinal and Lateral Occupant Impact Velocity
Preferred Maximum
30 ft/s 40 ft/s
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Results:  Longitudinal occupant impact velocity was 18.4 ft/s, and lateral
occupant impact velocity was 23.6 ft/s. (PASS)

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

Preferred Maximum
15.0 Gs 20.49 Gs

Results:  Longitudinal ridedown acceleration was 6.6 G, and lateral
ridedown acceleration was 9.4 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 22270P vehicle crossed the exit box within the limits specified in
MASH. (PASS)
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CHAPTER 7. SUMMARY AND CONCLUSIONS

71 SUMMARY OF CRASH TEST RESULTS
7.1.1 Crash Test No. 490022-6 (MASH Test 3-20)

The TxDOT T131RC Bridge Rail Transition contained and redirected the 1100C vehicle.
The vehicle did not penetrate, underride, or override the installation. Maximum dynamic
deflection during the test was 7.4 inches. No detached elements, fragments, or other debris were
present to penetrate of to show potential for penetrating the occupant compartment, or to present
hazard to others. Maximum occupant compartment deformation was 2.5 inches in the left door
at occupant hip height. The 1100C vehicle remained upright during and after the collision event.
Maximum roll and pitch angles were 5 degrees and 6 degrees, respectively. Occupant risk
factors were within the preferred limits specified in MASH. The 1100C crossed the exit box
80.1 ft downstream of loss of contact with the installation, which was within the MASH
recommendation.

7.1.2 Crash Test No. 490022-8 (MASH Test 3-21)

The TxDOT T131RC Bridge Rail Transition contained and redirected the 2270P vehicle.
The vehicle did not penetrate, underride, or override the installation. Maximum dynamic
deflection during the test was 8.4 inches. No detached elements, fragments, or other debris were
present to penetrate of to show potential for penetrating the occupant compartment, or to present
hazard to others. Maximum occupant compartment deformation was 0.25 inch in the left door at
occupant hip height. The 2270P vehicle remained upright during and after the collision event.
Maximum roll and pitch angles were 21 degrees and 8 degrees, respectively. Occupant risk
factors were within the preferred limits specified in MASH. The 22270P vehicle crossed the exit
box within the limits specified in MASH.

7.2  CONCLUSIONS

The TxDOT T131RC Bridge Rail Transition performed acceptably as a MASH TL-3
transitions, as shown in Tables 7.1 and 7.2.
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CHAPTER 8. IMPLEMENTATION STATEMENT

TTI researchers recently designed and successfully crash tested the TxXDOT Type 131RC
Bridge Rail. The T131RC Bridge Rail consists of two HSS6x6x4 steel tubes supported by
W6x15 steel posts spaced on 5 ft on centers. The posts were anchored to an 11-inch high
concrete curb. The curb was 10 inches wide at the base and 8 inches wide at the top. The posts
were anchored to the concrete curb using %-inch diameter adhesive anchors. The base plate for
the T131RC post design was bent to conform to the shape of the concrete curb. The TxDOT
T131RC Bridge Rail tested previously met all the strength and safety performance criteria of
MASH.

The purpose of this portion of the project was to develop a transition for connecting a
31-inch tall W-beam approach guardrail to the new T131RC Bridge Rail. The transition
designed and tested for this project met all MASH safety performance criteria for a TL-3
transition. The transition is recommended for implementation on all projects using the new
T131RC Bridge Rail design.
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APPENDIX A. DETAILS OF THE T131RC TRANSITION

FuLneI(] 9-ZZ00GK\ AT LT-60-Z10Z\BunyeacT\ uontsuer], SUIET.L §299-\LOUXL Z2006H\E102- 1108\ L

L1-S0-Z10T
e

CFYLL zR..ﬂ.L..—;. nCCmudu_m U.nnmbz " |
:E—m.hm .ﬁ—mm.—ru_.ﬁ_.—hw INTRY mnzx\h.nﬂ. \I—_.ﬁ..—;.

STy _&
) ﬂ@a\.w\m&\\w»z.&m\ .&.\J,w\\\.m.\q..m.N\\EaZ s zooutdus
1=

2am]EL

UONE[EISU]  LJOT 99S  OSTTAMS

:A:.:ﬂ_u—w“.—.._;. ouie ﬁ.._.a

”—u,.—.)a uhaHg(__.
SHD A umeq
9-ZTO06Y 1aloig

apnnsu] uonerodsusl] SEXa],

MHIA NOLLVAHTH
TIVIIVOO

SLSOd 78 X TEXOX\ —a

“S[IEIAP [y PUE Y23(T 28purg] 103 Buimep Y- [¢1.L PAUENE 29 3]
180 JOYIUY YO YA [euruiray |47 [eorddy st peuraa ey pl
q0[s dog a1 18 ‘g1 1sod 38 styjog ey Auo Au 9]
-oo11dg [putuaa [, 01 weaq
-9 [ 78 SINN] [FeIpaensy 1opun (COYM) $1oyseam JenSurlnas poziuealed 998 'q]
'sjjoq peay-uonng [[e 3¢ (L)) SINN [FEIpIEng passandy ‘6] - ¢ sisod 1e sjuswyoene
1sod o3 e 1e (cogd,]) syog peiprency peay-uonng 3uo] 0] ‘sa01ds [re1 1210
:ﬂ 1153 A—.Cm._ rr_v m——nur __.ﬂpmupﬂ:m..v wud..uﬁ—l—.ﬁnu::m.— .n-&zﬁ: _.W_‘._m_‘l—. T 5 —.:ﬂ..bﬂl...:.h;.u #ut—wﬁ:
1B ﬁN:M.—m._T_u w:num._ —_ —P:.uhd:m.u wu.mﬁu;l:nu::m .anzﬁ: :.T\m..nﬁ NP = mv. ]sc .*_.G m.M:C.w_..u.U—J —U.UCB
pazaInor p1 X 8 X 0 6] ¢1 s1sod 18 synoyoo[g poojy) paIainor 8] X 8 X 9 "B]

(TOMEHD

SLSOd d7TS wCl ¥ S8X9M

MVHIA NV Id

[

051

¢ m ‘ds i

TIVIAIV D
g T 7 ] g 7 T ===t
6 s L ) S ¥ (i |
w196
|l

WL ds g

~f L

NOLLVTIV.LSNI LSH.L

OHA HOAIMY DY 1¢1.0

2012-10-25

41

TR No. 9-1002-12-4



Bunerc] 9-22006H\ AT L1-60-2102\ Bunger\ uontsues L, JATETL, §99-\ LOCKL, £20065\Z102-TT0Z\LL,

spmaruomtsuEr,  LJog 1994g Oz WS SHD Aguawmq

L1-S0-C10Z uontsuer], Y-T¢LL 9-ZZ006Y 0olorg 0 07 X /¢
= SEXD T LIOUELS 2310 10 50 2 Nm.mE 2DEI ‘Xa M.Pwm 218 SINu pue C7 QT8 123§ SI] S37104 BT
s_._wmﬁm_i,ﬁ_ S _m L__%uﬁ symnsupuemmrodsmey sy | 3P 1 G ape10) "Xo[] Aaespq pUE CZCV s S SIOq IV BT
€ xoq /L MN 0C _ DSSVID _
- ALTIDNOD AAIOANITI-NN 40€ X 21D
9 PoUSpIEY 8// “TOYSEA\ 61
¢ xoy g X g// ‘Nog T . _
C XY /¢ N L1 ! !
4 e[ /¢ TOYSEM o1
z X9Y (0T X /¢ Yod <1 | “
ALO HNVN LAV #
HAVAMIVH TV NI L
T I i
o houo i
“1° H == 1k I._._III.:_ |||||| T .EIJ
sscogsssocofoicooifoocoodac:)
..... A A A
I I @ T
||||||||h_.“|||||||||||||___«||||||||||||_m ||||__+|||+_|"_||| - ___
— 4
k=d ““ =
i 1<
Y
/ Fom

WOLLOY
“TIVY NOLLISNV UL

dO.L
"IV NOLLISNVUL

e - STIV.LAA NOLLDTINNOD

2012-10-25

42

TR No. 9-1002-12-4



SHO Aguaerg
9-zz006Y 1aloig

FPord md
L1-S0-ZT0Z

LIOE WM | ST LS
uonsuer] N-1¢1L

EFYLL SEXAT, nﬂcm—nﬂm L.mmn._:Cu

syl Besrwen uansrsca ey 21MIsu] comuﬁto&wﬁﬁ 1 sexa],

SAHIA NOLLVAHTH

2012-10-25

Buwnerd] 9-Zz006k\ A1 L1-S0-Z 102\ Bungercr\uontsuer 1, Y1EL.L 8799\ LOCX.L 22006+ \Z10Z- 1102\ L

ub

dAL WF/ 1

HLVId 9¢V

I X

-

(11L&

I

el Xug

-¢ — ZH

MHIA NVId

-

Te

o]

01T AIVOS
MHIA OTLLHNOSI

I

QdadEaN ¢
MOOTd T

43

TR No. 9-1002-12-4



peddol, Lo W9Ys 0§l IS SHO Aguaw(
LI-S0-CT0Z uontsuer], Y-1€ LI 9-CZ006H 102lo1g b/ IXOX9SSH SRy e
CPRLL SPXa], ‘TOnELg A3

:E_m.ﬁm ..ﬁ_.QHD_)_iD PERY SEXaT ST, SQnaEsu] uon _ﬂtnz.—w: EIT SEXS],

OT - THIVOS

2012-10-25

006+\421 £T-60-2 102 \Bungescy\ uomsues | HYTET.L §99-\ LOCXL, Z2006K\ZT0Z-T10T\AL

T

Sumeic] -z

qT1Iv.1.ad

Zan /67T
\\ |k
O - THIVDS //*. I Y,
-0 NOLIDHES e
i = AHIA NOLLVAT T | TN
— . : ; —)
‘_ ._.U_ L Iﬁ | e _,l. . ..,.._. :..,. . \
w gt |l
-, O .
A WeilT »
Tx,8/L® 01 LATVOS
V VLA
Aow_ o
I ATA NV Id v
i |
dOL Yy,
TIVY NOLLISNVIL . i

44

TR No. 9-1002-12-4



\Bungelcy uontsues ], NYICLL, 8299-\ LOXL, ZE006H\Z10Z- 1107\ L

-
(%

SUMEICT 9-ZZO0GE \ A1 LT-C0-Z 1O

L1-50-Z102

£HRLL SEXA [ ‘UonE]g ada[o))
wshg ATSIDATUN) RV SEXD T oL,

[y wonoy L0 19ayg 051 28 gy Ag umeicy
uonisuel ], OY-1ELL 9-ZZ006F 1aloid

amnsu] uoneEodsuel ] SEXa

OxX . /€D

01 1 dIVOS
H V. LHA

£/ TXOX9SSH st ey Eg

et W8/ 1°0¢ e
. WFe [
01 - THIVOS
H-4 NOLLOHS
d :
[ AHIA NOLLVAA'TH v \
i 8/L LT — et
w9 [ > - - — ]
[ gt = -
- ws > o
(1 W0-.62 -
I 01 T dIVOS
EEulI LY d Tv.Iada
g o
| Wil L
MHTA NV 1d a—_,
e ]
NOLLO4 J
TIVY NOILISNVYL e o S

2012-10-25

45

TR No. 9-1002-12-4



X1 ZZ006H\ZT0Z-T10Z\:L

-Z10g\Sungeacy\ uonisuer], IETL §99-\.LO

L1-S0

Fumei] 9-ZZ006H\ 421

SR qAnD LJO9 1@ayg g JEng SH Dy Ag umerc
Lirs0-gloe uontsuEL], NU-ICLI, 9-zzo06H 10loag

EPBLL SN ‘UonElg uﬂu:OU S1mgnsuy Gnum.—.au.uﬁ.n:ﬁu.ﬁ SEXA]T,

wshg ASTIOATUN) PR SEXD T 1L

98po Juoly oYy 7Y PUT ‘qInd ot Jo 98po Yuq IJWYYD /¢ 99
"2 oIoD U mmwﬁu ﬂuUU.HOm-.:U.H un :Qﬂ X .__Nﬂmmu m« umO@ ..—O# QD.H—.EUESO,L n—@

amu0 (1sd )9¢ ) ) SSE[D) ST gINT) "BY

0S-T HIVOS
0T THIVOS /
O~ NOLLDHIS fw ﬂ
- e J—
/1 > - )
‘A
Tm\
HNI'T
ANNOYO
I |
A

1 1sod 18 TRqQRY QT
9 qEn) wonisuea], 10y dnamg | /g
I 1uaq ¢ Teqy 9T
C WSL X ¢ TeqY €T
¢ WCF X Cf TeqY T
I W0T X ¢ TeqRy €T
s WIT X ¢ TeqYy ZZ
14 GLT X ¢ Teqay 1T
ALO ANVN LIVd #

WCl

STIV.LHA AN NOLLISNVRLL

Y

- 79 ( _Qm_\_”_
MHIA NVTd
) it ) pmimpmin i mimirtenn gt &
I i I hia N
__ ' __ =& b
O S NS S I e ; N 9
Y
e 0g | g

2012-10-25

46

TR No. 9-1002-12-4



Buraer(y 9-22006H\ 89T L1-€0-2 10T\ Sumyer(y\ uontsues T, DYTELT, §799-\ LOCXL, 220065\ZT0C-TT0Z\ L,

s[E1a¢T 1802y
L1"S0-C10T

CFYLL WRXG..H. n_._.:m_w.pm r—m\hﬁ—cu
H.;.L_mhm .ﬂu.;h.b,.f.z.—_nw N zmzhu.n—... Uj..__.a

O L

LIOL WS G a3
uonisuer [ Y- 1511

sHD Agumerqg
9-ZZo0Ghk Woloig &

aymnsuy uonyrodsusr] sexa ],

SUVH TIV dAL

F/ 1D

W09 -

ik

WOT

2012-10-25

47

TR No. 9-1002-12-4






APPENDIX B. CERTIFICATION DOCUMENTATION

MATERIAL USED
TEST NUMBER 490022-6
TEST NAME T131RC Transition
DATE 2012-05-25
DATE RECEIVED ITEM NUMBER DESCRIPTION SUPPLIER HEAT # NOTE
2012-01-26* Parts-15 Guardrail Parts Brazos Industries see file 1
2012-01-12 Rebar 03-06 3/8" x 20' grd 60 CMC-Sheplers 3028608 1
2012-01-12 Rebar 04-25 1/2" x 20" gr 60 CMC-Sheplers see file 1
2012-05-02 Parts-20 Guardrail Parts Trinity see file 2
1 These parts were used on the Bridge Deck for test 420022-1.
2 These parts were used for the Transition for this test.
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Load - 1111841 BL - 3675098 BLRA466
Heat - 1093843

Order-Line - 6970700/ 1
e e S H N e

r*n" F-i. ; CTIOPT_ EXPOKT nucy 1 wosro 1
Roxymesr  120-30318

munum

mﬂ
HRON STEEL KR%ECTRA
CovionosveaTaas. amoec, croaus
Consiguer, address, Kowrpasr N E165238 en2e?
CUIA Unitog Contraet M 5105235 0p2e7

Mo romaps
T L Fl-;ulw M act
PYROHY! A HEAPECCHPORANIMLE ST MV 290-2008 PYNOHE 425 3
{MOT ROLLED COILS NON-SKIN PABSED = cons
| Mom Flcsmp hw-tm_ﬁ;hr-m-h Pomecpas  wow | Masea v
g Code o o xﬂﬁmmmwlanl L Diwanvions mmal, i 3
Ne bmnom | ool | cmmgory | geup spoeer | PP oroon i '“m‘;mw
B

S0 Ll R Y
_I—-—umw compesition (%)
wmtyeen | €15 [Ma] [ # [ cat % | 2 o] v v o] 2o
Mos of
henss Lore
Xix|x
.-ﬂ‘:a‘:';ﬂl‘:‘t'
1093843 | 16010]97( 14f16] 4 |als| 71830114
1093843 hisf10/97f 116l 4 |4 a| 71sa}3|2lel
1093843 l:ah!?]‘li#il?ﬂll‘l
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1 01-02-2012 04:10 Load - 11323386 BL - 3677708 BLR466
i Brazos Industrios Inc Heat - 762367
i pust. PO - Order-Line - 7073336/5
1272272011 TAy 18:59 TAX 519 738 5081 atiastube shipping T @oos/005 e 1
&tes Tube camo e aef BJL 80460468
s 282 Atlas 7u e,
NHgﬂnowG ;.‘lmm Canada un 980
Telh | E19.738.3531 JMC STEEL GROUP
F:  B18.738-3837
MATERIAL TEST REPORT
Sold to Shiped 1o
NAMA O CORPORATION : NAMASCO SQUTH W
o@fomm. NTER PR I A e
ROSWELL GA 30076 USA
USA
Material: §.0x5.0%260x88'0"Hdx2). Material No:  SCOED25048G0 Made in:  Canads
Malted n:  Canada
Splay orden: 589743 Purciwss Ordsn 6408907 Cust Mutarial #: TS1850A5000676
Hest No c Ma S ] i Al Cu -] Mo i cr ¥ T B
1526256 0130 G830 0008 0007 0012 0040 0045 0006 0006 0014 0.045 .02 0000 0000 0.000
Bundla o PCe  Yield Tonslly Ein.2in Certification CE: 038
M101100875 B D6IRG0 Psi OTB200 Pel 326 % ASTM AS00-108 GRADE B&C
Materinl Note:
Salus Or.Mote:
Mpterial: 6.0x8.0x250x30°0"0[3x3), Matoried No: BODBD2S04000 Blaga In:  Canada
Wolted in: Cansds
Gales order; GO9536 Purchass Order: 6409841 Cust Matosial 8 T814S0AB000480
Het N c Min P s S Al Cu ch Mo N o v Ti B
762367 0.180 078C 0007 0008 0.014 COET 0042 0005 0006 .08 0029 0002 0000 0.000 0.000
Bundla Ne  PCa  Viekl Tensde Eln.2in Geurtification GE: 0.34
101096888 B 054300 Ps! 067270 Psi  34.0 % ASTM ABOD-1DA GRADE B&C
Matarial Fote:
Sales Qr.Note:
Material: 8.0xd 0x250%a0070{2xA), Materisl No: 800402604600 Made . Conada
Mehod b:  Canada
Sales orden: 589538 ; Purchmse Order: 6409841 Gust Matspial #: TBAT4RECTAS000480
Heat 8o ¢ Mr 4 5 8 Al Gu Cb o [ cr v Ti B
762777 0380 0790 0008 0.008 0013 0086 0049 (.0068 0005 OGIG 0035 0.00Z 0000 0000 0.000
Bundic Ne  PCs  Yieid Tonads Ein.2in Certtnication CE: D33
M101096343 § 060430 Py} 076020 Fsi 355 % ASTM AB00-10A GRADE S&C
Material Noto:
Salez Or.Note:
mncm“mdﬂwwmwmhmmﬁwm pebvod and b fult ol with a8 i
spocification lnd w reprrernant
gl 155 5 D1.1 mdsnﬂ.
L <> Bitas Service Center Institute
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¥ PFC Product Category: 00100

Porteous Fastener Company

Product Information Sheet

Carriage Bolt, Inch Series, Grade A

» Typical Material: Low Carbon Steel

» Material and Mechanical Properties; Purchased to meet ASTM A3Q07 Grade A.

» Dimensions: I:?@Mﬁ.ﬁ:lﬂ

> Full thread to/6 §
> Undersize body
» Binches thre?d

Y ¥ ¥ ¥

Zinc Plating: Pu;b
Ak !!ﬁiﬁﬁ!‘sﬁéﬁ'ﬂ‘ilflilid!s>

Hot-Dip Galvanized: P ,;-
, zmeﬂﬂ",. e‘J

e o

47
.n|'l(

' a b i

gt "'Wr

2, Roqnd Head.S
Y

000 PSI Mmlmum

‘I \
i o e, G

" TR
i

T [
whb kD

g%uar?ﬁ.mw,

%

gggﬂt Rolled Threads

Tensile Strength - NC Threads Length  Tolerances - Carriage Bolts
ASTM A307 Grade A Nominal Size
Size PS5l Pounds Nominal
1/4-20 60.000 1900 Length | #10to3/8 | 71168 1/2 | 816 to 34 | 78to1
5/16-18 60,000 3100 Tolerance on Length
3/8-16 80,000 4850 plo &
7/16-14 60,000 8,350 Incl 1" +0.02/-0.03 | +0.02/-0.03 | +0.02/-0.03
1/2-13 60,000 8,500 Over 1" to
9/16-12 60,000 11,000 2 112", incl.| +0.021-0.04 | +0.041-0.05 | +0.06/-0.08 | +0.08:-0.10
5/8-11 60,000 13,550 or
3/4-10 60,000 20,050 1/2" to 4",
7/8-9 60,000 27,700 Incl. +0.04/-0.06 | +0,06/-0.08 | +0.08/-0.10 | +0.10/-0.14
1-8 650,000 36,380 Over 4" to
8", incl. +0.06/-0.10 | +0.08,0.10 | +0.10/-0.10 | +0.12/-0.18
Over 6" +0.10/-0,18 | +0.12/-0.18 | +0,14/-0.98 | +0.16/-0.20
Porteous Fastener Company Page 1 of 1

Tha information presantad |a balleved to be accurate at the tme of document creation. Howaver, Porteous Fastener Company la not responsible for any claim taceable to any
erors (typographical nr otherwise) 8s containgd harein, Perlaoua Faatener Company makes no warranties as to the accuracy of this inforration,
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i & ar esaw sigement ihat & B af Lading Nes bear issusd ard @ ret the erignal Bl of Lading, nor @ cogy or cuplicale, soeering e pogery rames herein,
This Memorandum and iz imerded soialy for f#ling or recond,
e _Carrigr — Steppers Mo 1641901
RECEIVEL, sukir: ]]lL..Llsz.s Fcalin s il kil i 2f1aCh on e k2 ab cereipl o he sz o I0e g i lfe deigiaa Bl of | Hlnj
2 s fmmh" -{'L-T Hignvmy Products LLC sioNe. 1172458
113 Ty e, P " iz meried ol Testied 5 s bekra sk s o g e
‘:‘,;:15‘,".,‘."., o - = : it mia Ml sl ik i b Y werﬁ"" w i Al T Boijeet o sectin T & Canalons of ap-
1T iel o %», uu:e msm ! n 1 wlmu] RETEr 213 | L& rikaz, b2 0108 oondns Dmil'.l’ 7 Lra ol wmmiu.-rm mm: rl-ml plnabea Bl of Ladirg, if ks shipmetd is &
mmuu mmmmlml nulml auuing mmimw b arslland 1o e * dellverad 12 the conslgnea -\:tht TRCOLrER nn
;ll-; uanalgnes, e Gingi ahell sigr 1he
Consigned to: MES,TEHTMG Tmmmem & Cpst. PO._TTETEBT 480002 & | oad No86-1 i ﬁ'.;“?;;',‘nﬁm:ﬁ;'n fr ke daliveey o this
J ¥ sihii B owithaut toof fraight and &
Destination: ATE HWY 47 ipnieat without peyment of fraight an |
Total Weight: 487 38 | " MIRER Lty
PHODUC‘I’E LLS
Ship: AT <
City: HHEIAN State:__L& Zip, diwdl
) B s !E!ﬂg S:00:004 54 Ild 3 to be crapaid. wrile or
Sl stannlms :I': ba ;Bua.\):lm
- = - Ty T SRR AT
Contact: GARY QERER Phone:_ Q3354561 33445 o "
L i AecEud b
Delivering Carrier: 15 I.I';?}" ;ﬁf X };E “Wahlele or Car Initial: N, Con R e ek
Collect On Delivery: _ 0., charge Shipper 1 — PRI ]
5 and remit to: to e paid by Consignee ) =
= _— 2 :
5 {¥ha sneiure here ackrowledges :
: nnly dhe Amount i) :
Straat Cﬂy’ State l Chames abkarcad; L
’P:Ss i o Bisecripticn of s | oot 7 ! F’fgh_ Il Disscrizbon of Artices =yt |Gl
clat My Frneeecte LI Shos et Biferin Holioy Mo, LOWE.
Bt oL '
7 Ty I . 5
: i ik i i
| 42 | 53000 5/E" WASHER FB4d ASW i
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APPENDIX C. SOIL PROPERTIES
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APPENDIX D. CRASH TEST NO. 490022-6 (MASH TEST 3-20)
D1. TEST VEHICLE PROPERTIES AND INFORMATION

Table D1. Vehicle Properties for Test No. 490022-6.

Date:  2012-05-25 Test No.:  490022-6 VIN No.: KNADE123366068232
Year: 2006 Make: Kia Model: Rio
Tire Inflation Pressure: 32 psi Odometer: 119617 Tire Size: P185/65R14

Describe any damage to the vehicle prior to test:

ACCELEROMETERS
note:

® Denotes accelerometer location.

NOTES: // - i
Al e Z«» e \ we N T
&\ | = i

Il
Il
)

Engine Type: 4 cylinder

—— —
Engine CID: 1.6 liter - —
Transmission Type:
_X__ Auto or __ Manual WH”E: Z“i N
x FWD RWD AWD

Optional Equipment:

) L u N

Dummy Data: _ J |

Type: 50" percentile male : N

Mass: 179 1b Y

Seat Position:  Driver L F " E o D

g Mirant X hea/

Geometry: inches c
A 66.38 F 33.00 K 11.00 P 4.12 U 15.75
B 57.75 G L 24.12 Q 22.19 \Y, 21.50
C 165.75 H 34.72 M 57.75 R 15.38 w 39.50
D 34.00 I 7.12 N 57.12 S 7.62 X 108.50
E 98.75 J 21.00 @] 30.62 T 66.12
Wheel Center Ht Front 11.00 Wheel Center Ht Rear 11.00

GVWR Ratings: Mass: Ib Curb Test Inertial Gross Static

Front 1918 Mront 1598 1577 1670

Back 1874 Mrear 891 852 932

Total 3638 Mrotal 2489 2423 2602
Mass Distribution:

Ib LF: 763 RF: 808 LR: 460 RR: 392
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Table D2. Exterior Crush Measurements for Test No. 490022-6.

Date:  2012-05-25 Test No.:  490022-6 VIN No.: KNADE123366068232

Year: 2006 Make: Kia Model: Rio

VEHICLE CRUSH MEASUREMENT SHEET!
Complete When Applicable

End Damage Side Damage
Undeformed end width Bowing: B1 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 Cg 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 C G Cs Cs Cs D
Number C-Measurements (CDC) Crush L**
1 Front plane at bumper ht 12 12 18 12 8 6 5.5 3 0 -9
2 Side plane at bumper ht 20 11 48 0 1.5 | 6.75 8.5 9 11 152

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 D3. Occupant Compartment Measurements for Test No. 490022-6.

Date: 2012-05-25 Test No.: 490022-6 VIN No.: KNADE123366068232
Year: 2006 Make: Kia Model: Rio
7
TE— OCCUPANT COMPARTMENT
( i U DEFORMATION MEASUREMENT
Before After
G (inches) (inches)
il [T Al 67.50 67.38
N A2 67.50 67.50
A3 67.50 67.50
B1 40.75 40.75
B1, B2, B3, B4, B5, B6 B2 36.75 36.75
Z B3 40.75 40.75
ALz &AL B4 36.25 36.25
C1,C2,&CB B5 35.75 35.75
@ St B6 36.25 36.25
c1 26.00 26.00
c2
Cc3 27.5 27.5
\ D1 9.75 9.75
BL B2 B3 gi 9.50 9.50
E1&E2
% E1 51.00 48.50
>, E2 51.00 52.25
F 51.00 51.00
G 51.00 50.00
H 37.00 37.00
| 37.00 37.00
J* 50.75 50.50

*Lateral area across the cab from

driver's side kickpanel to passenger’s side kickpanel.
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SEQUENTIAL PHOTOGRAPHS

Figure D1. Sequential Photographs for Test No. 490022-6
(Overhead and Frontal Views).
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Figure D1. Sequential Photographs for Test No. 490022-6
(Overhead and Frontal Views) (continued).
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Figure D2. Sequential Photographs for Test No. 490022-6
(Field Side Transition Views).
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Figure D2. Sequential Photographs for Test No. 490022-6
(Field Side Transition Views) (continued).
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VEHICLE ACCELERATIONS

D4.

0T

60

(£)1ARID) JO J19)UI)) JB PIJBIOT JIJIWOIIINY)

9-72006F "ON 1S3 10J 9.1 ], 19)9W0.II[IIIY [BUIPNIISUOT IPIYIA ‘b d1n31

abeljone JPSWQG —— B4 09 sse|D VS ——

(09s 2080°0) AIO JoBWIL —

(s) swiL
80 L0 9'0 G0 0 €0

¢0 T0

saa.bap 9°Gz :gbuy 10edwi|
Uaw G°T19 peads 1oedw|

0l 2092 :SSElN SS0I9

0l £212 SSeIN feruau|

Ol B1y 9002 DIIIUSA 191

uolysuel | DYTETL LOAXL Doy 191

TZ-€ 1S91 HSVIA :'ON 1S3l plepuels 1se 1
9-2¢2006Y :4LqWINN 1S9 |

0
i

o
i

Lo
|

|
it

9D 18 UONeI3[922Y X

o

(9) uonela|s29y [eulpnibuo]

2012-10-25

73

TR No. 9-1002-12-4



(£)1ARID) JO J19)UI)) JB PIJBIOT JIJIWOIIINY)
9-720061 "ON 1S3 10J dd®.1 ], J19J9W0.II[3IY [BI)e] PIYIA S d1n31]

2012-10-25

abelone 09sW-0G —— Y4 09 sseD IvS ——  (99S2080°0) AlIO jodwnl ——

0T

60 8

0 L0

(s) swi
90 G0 40 €0

AV

otT-

saa.bap 9°Gg :afuy 10edw |
Uaw G- 19 :peads 1oedw|

g 2092 :SSeN SSsol9
aI €¢iC ‘SSeN [erusu|

oIy Iy 9002 :9JIIUSA 1591

uolisuel | D4TET L

10dX1 ®PIY 1S8 1

T¢-€ 1S91 HSVIA :'ON 1Sa1 prepuels 1sa1
9-¢2006V -4qWINN 1S8 1

=]

9D 12 UONBI3|8IIV A

=

(@]
N

0oe

(9) uoneIs|s29Yy [elale]

74

TR No. 9-1002-12-4



(£)1ARID) JO J9)UI)) JB PIJBIOT JIJIUWOIIINY)
9-720061 "ON 1S3 10J dde.1 ], 13JOWO0.II[3IIY [BINII A IPIYIA 9( d1n31]

0T 60 80 L0

7 abelane JaswW-05 ——

1o)4 09 sseD VS —

(s) swi
90 G0 40

€0

AV

TO 0

otT-

Lo
1

oA A Rahvdub.% A

=

== S S, - bQBQaE

s9a.bap 9°Gz :gbuy 10edw|
y/w G'19 :paads 10edwi|

0l 2092 :SSe SS0.9

I gl £¢i2 SSeN feluau|
Ol ey 900¢ SIoIYSaA 1se L

uolisuel | DYTETL 1OAXL BPOIMUY 1s8.L
TZ-€ 1S91 HSVIN 'ON 1S81 pJrepuels 1s8 |
9-2¢20061 -JoqWInN 1s8 |

|
Eﬁ

0]

9D 18 UONeIa|92dY Z

(D) uoneIa|92dY [eINISA

2012-10-25

75

TR No. 9-1002-12-4



‘(£)1ABID) JO JIIUI)) JO ABIY PIIBIOT J1IJPWO.II[IY)
9-72006%F "ON 1S3 10J dd®.1 ], 19)9WO0.II[IIIY [BUIPMISUOT SPIYIA "L 131

2012-10-25

7 abelane J9sSW-QG —— B4 09 sseD IvS ——

0T

60

80

L0

90

(s) swiL
S0

0

€0

AV

TO

saa.bap 9°Gg :afuy 10edw|
Ujw G'T9 :paads 10edw|

dl 209¢ :SSeN SsolD

ql €2ig SSeN feluau|

Ol BIX 900¢ B|2USA 1S L
uolisuel | DYTETL 1OAXL BPPIMUY 181
TZ-€ 181 HSVIN 'ON 1s8l pJtepuels 1s9 ]
9-¢20061 :1equinN 1sa |

!

P)/,

D§
v

ponlh e ind,

0c-

s}
i

o
i

w

VY

_
_—
p—
p——

9D 10 Jeay UoNeIa|92Y X

(9) uoneis|a29y [eulpniibuoT]

76

TR No. 9-1002-12-4



0T

‘(£)1ABID) JO JIUI)) JO ABIY PIIBIOT J1IJPWO.II[IY)
9-72006% "ON 1S3 10J dd®.1 ], J9J9W0.II[IY [BI)e] JPIYIA "8 d1n31]

60 90

|

abeione JeswW-Q5 ——

1o)4 09 ssep VS —

(095) awIL
G0

0

€0 [

0

TO

AN

o T

G

i
;

;

|
.

N

D
i

saa.bap 9°Gg :afuy 10edw |

| /%\

y/w GT9 :psads 10edw|
ql 2092 :SSBIN SS019
ql ECvC SSeN [ellau|

Oy eIy 9002 BIOUBA 1S9L
uoisuel | DYTETL 1OAXL Doy 1saL

T¢-€ 1S91 HSVIA :'ON 1Sa1 prepuels 1sa1
9-¢2006V -4qWINN 1S8 1

9D 10 Jeay UONRIS|92IY A

o
—

N
—

14

(9) uonela|sod9y [elare]

2012-10-25

77

TR No. 9-1002-12-4



0T

60

‘(£)1ABID) JO JIUI)) JO ABIY PIIBIOT J1IJPWO.II[IY)

9-22006F "ON 1S9 10J 3de1 ], 19J9W0.II[IIIY [BINIIA IPIYIA “6( 21n31

abeione JeswW-Q5 — —

1oy4 09 ssepp VS —

(s) swi

80 L0 90 S0

0 €

0

AV

uolysuel | D4TET L LOAX L =PIy 1S9 L

TZ-€ 191 HSV

soalbap 9°Gz 9lbuy 10edw|
Uaw G'T9 :paads 10edw|
dl 209¢ SSe\ ssol9

qT-

Ol €212 SSeIN felau|
Oy Iy 9002 :9jOIUSA 1591

N T'ON 1S9.L plepue)s 1so 1
9-22006Y JoquINN 18 L

D

| —
o
i

—
0

N\ N

sad P

FEARTL

V vV

Tdaast

|
'

0]

97D JO Jeay UoNeIa[322Y Z

(9) uoieIs|922Y [eINISA

2012-10-25

78

TR No. 9-1002-12-4



APPENDIX E. CRASH TEST NO. 490022-8 (MASH TEST 3-21)

El. TEST VEHICLE PROPERTIES AND INFORMATION
Table E1. Vehicle Properties for Test No. 490022-8.
Date:  2012-06-29 Test No.. 490022-8 VIN No.: 1DTHA18218J04150
Year: 2008 Make: Dodge Model: Ram 1500
Tire Size: 265/70R17 Tire Inflation Pressure: 35 psi
Tread Type: Highway Odometer: 139849
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: 5.7 liter TRACK

Transmission Type:

|

o b —————— o]

X Auto or Manual
FWD x RWD A4WD
Optional Equipment:
o
Dummy Data: ¢ I I—f
Type: No dummy
Mass:
Seat Position:
Geometry: inches e
A 78.25 F 36.00 K 20.50
B 75.00 G 29.00 L 29.12
C 223.75 H 61.21 M 68.50
D 47.25 I 13.75 N 68.00
E 140.50 J 25.38 0] 44,50
Wheel Center Wheel Well
Height Front 14.75 Clearance (Front)
Wheel Center Wheel Well
Height Rear 14.75 Clearance (Rear)
GVWR Ratings: Mass: Ib Curb
Front 3700 Miront 2870
Back 3900 Miear 2152
Total 6700 Mrotal 5022
Mass Distribution:
b LF: 1426 RF: 1404
TR No. 9-1002-12-4 79

P 2.88 U 28.50
Q 31.25 V 29.50
R 18.38 W 59.50
S 12.00 X 78.00
T 77.50
Bottom Frame
5.00 Height - Front 17.125
Bottom Frame
10.25 Height - Rear 24.75
Test Inertial Gross Static
2830
2185
5015
LR: 1069 RR: 1116
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Table E2. Vehicle Parametric Measurements for Vertical CG.

Date: 2012-06-29  Test No.: 490022-8 VIN: 1DTHA18218J04150

Year: 2008 Make: Dodge Model: Ram 1500

Body Style: Quad Cab Mileage: 139849

Engine: 5.7 liter V-8 Transmission: Automatic

Fuel Level: Empty Ballast: 80 Ibs in front of bed (440 Ib max)
Tire Pressure: Front: 35  psi Rear: 35  psi Size: 265/70R17

Measured Vehicle Weights: (Ib)

LF: 1426 RF: 1404 Front Axle: 2830
LR: 1069 RR: 1116 Rear Axle: 2185
Left: 2495 Right: 2520 Total: 5015

5000 +110 Ib allow ed

Wheel Base: 140.5 inches Track: F: 68.5 inches R: 68 inches
148 +12 inches allow ed Track = (F+R)/2 = 67 +1.5 inches allow ed

Center of Gravity, SAE J874 Suspension Method

X: 61.21 in Rear of Front Axle (63 +4 inches allow ed)
Y: 0.17 in Left - Right + of Vehicle Centerline
Z 29 in Above Ground (minumum 28.0 inches allow ed)
Hood Height: 44.50 inches Front Bumper Height: 25.375 inches

43 +4 inches allowed

Front Overhang: 36.00 inches Rear Bumper Height: 29.125 inches

39 +3 inches allowed

Overall Length: 223.75 inches

237 £13 inches allowed
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Table E3. Exterior Crush Measurements for Test No. 490022-8.

Date: 2012-06-29 Test No.: 490022-8 VIN No.: 1DTHA18218J04150

Year: 2008 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 -

>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**

Measurements not taken due to impact with secondary barrier.

'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 No. 490022-8.

Date: 2012-06-29 Test No.: 490022-8 VIN No.: 1DTHA18218J04150

Year: 2008 Make: Dodge Model: Ram 1500

OCCUPANT COMPARTMENT
— DEFORMATION MEASUREMENT

T N Before After
\ (inches) (inches)
J E‘l E2 E3 E4 Al 65.00 65.00
: A2 64.50 64.50
L I 65.00 65.00
B1 45.50 45.50
B2 39.12 39.12
B3 45.50 45.50
B4 42.12 42.12
B5 42.62 42.62
B6 42.12 42.12
| C1 29.00 29.00
C2
C3 27.00 27.00
D1 12.88 12.88
D2
‘ D3 11.75 11.75
( s E1l 62.75 62.50
B1,4 | E2 64.50 64.50
-— | —Fl-4— E3 64.12 64.12
‘ E4 64.12 64.12
# F 60.00 60.00
G 60.00 60.00
H 39.00 39.00
* | 39.00 39.00
dl;iil/teerr’glsail(rjeeak?;:g:\ietrteocp?;sfsrgrrlger’s side kickpanel. J* 62.00 61.88
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E2. SEQUENTIAL PHOTOGRAPHS

0.000 s

0.060 s

0.120 s

0.180s

Figure E1. Sequential Photographs for Test No. 490022-8
(Overhead and Frontal Views).
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0.240 s

0.300 s

0.360 s

Vehicle out of view

0.420 s

Figure E1. Sequential Photographs for Test No. 490022-8
(Overhead and Frontal Views) (continued).
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