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DISCLAIMER

The contents of this report reflect the views of the authors, who are solely
responsible for the facts and accuracy of the data and the opinions, findings, and
conclusions presented herein. The contents do not necessarily reflect the official views or
policies of the Roadside Safety Pooled Fund, The Texas A&M University System, or the
Texas A&M Transportation Institute (TTI). This report does not constitute a standard,
specification, or regulation. In addition, the above listed agencies/companies assume no
liability for its contents or use thereof. The names of specific products or manufacturers
listed herein do not imply endorsement of those products or manufacturers.

The results reported herein apply only to the article tested. The full-scale crash test
was performed according to TTI Proving Ground quality procedures and American
Association of State Highway and Transportation Officials (AASHTO) Manual for Assessing
Safety Hardware, Second Edition (MASH) guidelines and standards.

The Proving Ground Laboratory within TTI's Roadside Safety and Physical Security
Division (“TTI Lab”) strives for accuracy and completeness in its crash test reports. On rare
occasions, unintentional or inadvertent clerical errors, technical errors, omissions,
oversights, or misunderstandings (collectively referred to as “errors”) may occur and may
not be identified for corrective action prior to the final report being published and issued.
If, and when, the TTI Lab discovers an error in a published and issued final report, the TTI
Lab will promptly disclose such error to Roadside Safety Pooled Fund, and both parties
shall endeavor in good faith to resolve this situation. The TTI Lab will be responsible for
correcting the error that occurred in the report, which may be in the form of errata,
amendment, replacement sections, or up to and including full reissuance of the report. The
cost of correcting an error in the report shall be borne by the TTI Lab. Any such errors or
inadvertent delays that occur in connection with the performance of the related testing
contract will not constitute a breach of the testing contract.
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SI* (MODERN METRIC) CONVERSION FACTORS

APPROXIMATE CONVERSIONS TO SI UNITS
Symbol | When You Know | Multiply By | To Find | Symbol
LENGTH
in inches 254 millimeters mm
ft feet 0.305 meters m
yd yards 0.914 meters m
mi miles 1.61 kilometers km
AREA
in? square inches 645.2 square millimeters mm?
ft2 square feet 0.093 square meters m?
yd? square yards 0.836 square meters m?
ac acres 0.405 hectares ha
mi? square miles 2.59 square kilometers km?
VOLUME
fl oz fluid ounces 29.57 milliliters mL
gal gallons 3.785 liters L
ft3 cubic feet 0.028 cubic meters m3
yd? cubic yards 0.765 cubic meters m3
NOTE: volumes greater than 1000L shall be shown in m?
MASS
oz ounces 28.35 grams g
Ib pounds 0.454 kilograms kg
T short tons (2000 Ib) 0.907 megagrams (or metric ton") Mg (or “t")
TEMPERATURE (exact degrees)
°F Fahrenheit 5(F-32)/9 Celsius °C
or (F-32)/1.8
FORCE and PRESSURE or STRESS
Ibf poundforce 4.45 newtons N
Ibf/in? poundforce per square inch 6.89 kilopascals kPa
APPROXIMATE CONVERSIONS FROM SI UNITS
Symbol | When You Know | Multiply By | To Find | Symbol
LENGTH
mm millimeters 0.039 inches in
m meters 3.28 feet ft
m meters 1.09 yards yd
km kilometers 0.621 miles mi
AREA
mm? square millimeters 0.0016 square inches in?
m? square meters 10.764 square feet ft2
m? square meters 1.195 square yards yd?
ha hectares 247 acres ac
km? Square kilometers 0.386 square miles mi?
VOLUME
mL milliliters 0.034 fluid ounces oz
L liters 0.264 gallons gal
m? cubic meters 35.314 cubic feet ft3
m3 cubic meters 1.307 cubic yards yd?
MASS
g grams 0.035 ounces oz
kg kilograms 2.202 pounds Ib
Mg (or “t") megagrams (or “metric ton”) 1.103 short tons (20001b) T
TEMPERATURE (exact degrees)
°C Celsius 1.8C+32 Fahrenheit °F
FORCE and PRESSURE or STRESS
N newtons 0.225 poundforce Ibf
kPa kilopascals 0.145 poundforce per square inch Ib/in?

*Sl is the symbol for the International System of Units
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CHAPTER 1.

INTRODUCTION

The objective of this project was to evaluate the performance of a newly developed
free-standing-to-anchored F-shape portable concrete barrier (PCB) transition system. This
transition system was designed to connect California Department of Transportation’s
(Caltrans) free-standing F-shape PCB barrier to anchored F-shape PCB barrier. The
anchored portion of the system incorporated vertical anchors installed in asphalt
pavement. The anchored F-shape PCB system with vertical anchors installed in asphalt
pavement was previously crash tested under MASH Test Level 3 (TL-3) conditions (2).

The evaluation of the new transition system was performed in accordance with the
safety-performance assessment procedures outlined in the Manual for Assessing Safety
Hardware (MASH), Second Edition, published by the American Association of State Highway
and Transportation Officials (AASHTO) (7). A full-scale crash test was conducted following
the MASH Test 3-21 impact conditions, which specify a 5,000-Ib pickup truck impacting the
barrier at a speed of 62 mi/h and an angle of 25 degrees.

Details of the transition system design are presented in Chapter 2. Chapters 3 and 4
provide details of the MASH evaluation criteria and the testing procedures. Test results are
provided in Chapter 5. Summary and conclusions from the testing performed under this
project are provided in Chapter 6.
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CHAPTER 2.

SYSTEM DETAILS

2.1 TEST ARTICLE AND INSTALLATION DETAILS

The installation was 157 feet long, comprised of thirteen 12-ft. long F-shape “pin-
and-loop” reinforced concrete barrier segments. The barrier segments were 9-1/2 inches
wide at top, 24 inches wide at bottom, and 32 inches tall, and connected to each other with
1-inch diameter connection pins. Barrier segments 1-8 were placed on compacted 2-inch-
thick asphalt that was constructed over 6-inch-thick crushed limestone base. Barrier
segments 9-13 were placed on compacted 4-inch-thick asphalt that was constructed over
12-inch-thick crushed limestone base.

All barrier segments were fabricated with six slots for hosting anchor pins, three on
each side of the barrier. Barrier segments 1-8 were free-standing, i.e., no anchor pins were
installed to restrict movement of these barrier segments. Barrier segment 9 was secured to
the asphalt with two anchor pins. These pins were installed in the two downstream end
slots, one on each side of the barrier segment. Barrier segments 10-13 were secured to the
asphalt with four anchor pins each. Two of these anchor pins were in the upstream end
and two in the downstream end slots of each barrier segment. No pins were installed in
the center slots of any of the barrier segments.

The anchor pins were 1-1/2 inches in diameter and were fabricated with ASTM A36
steel. The pins were 36 inches long, inclusive of a 2-inch tip. A 3-inch x 3-inch x ¥2-inch ASTM
A36 plate washer was welded to the top of the anchor pins. To facilitate anchor pin
installation, 1-3/4-inch pilot holes were drilled through the asphalt and the underlying soil
prior to driving in the pins.

Figure 2.1 presents the overall information on the free-standing-to-anchored PCB
transition system, and Figure 2.2 thru Figure 2.7 provide photographs of the installation.
Appendix A provides further details on the free-standing-to-anchored PCB transition
system. Drawings were provided by the Texas A&M Transportation Institute (TTI) Proving
Ground, and construction of the barriers were performed by Summit Precast Concrete,
anchor pin construction was done by Custom Fabricators and Repairs Inc., asphalt pad was
constructed by Brazos Paving Industries, and TTI Proving Ground personnel assembled the
test installation.

2.2.  DESIGN MODIFICATIONS DURING TESTS

No modifications were made to the installation during the testing phase.
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Figure 2.1. Details of the Free-Standing-to-Anchored PCB Transition System.



Figure 2.3. Downstream In-Line View of the Free-Standing-to-Anchored PCB
Transition System Prior to Testing.
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Figure 2.4. Closeup View of Joint Between Barriers 7 and 8 Prior to Testing.
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Figure 2.6. Field Side View of the Transition System at Joint Between Segments
9 and 10 Prior to Testing.

Figure 2.7. Closeup View of Installed Anchor Pin Prior to Testing.
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2.3.  MATERIAL SPECIFICATIONS

Appendix B provides material certification documents for the materials used to
install/construct the free-standing-to-anchored PCB transition system. Table 2.1 shows the
compressive strengths of the concrete from core samples which were taken after the test.

Table 2.1. Concrete Strength.

Design Avg.

Location Strength Strength
(psi) (psi)
Barrier 8 4000 5800
Barrier 9 4000 6070
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CHAPTER 3.

TEST REQUIREMENTS AND
EVALUATION CRITERIA

3.1. CRASH TEST PERFORMED/MATRIX

Table 3.1 shows the test conditions and evaluation criteria for MASH TEST 3-21 for
Longitudinal Barrier.

Table 3.1. Test Conditions and Evaluation Criteria Specified for MASH TEST 3-21
Longitudinal Barrier.

Impact Impact

Test . : o
: es . Test Vehicle Speed Angle Evaluation Criteria
Designation . o
(mi/h) ()
3-21 2270P 62 25 A D, F H,I

The crash tests 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 appropriate safety evaluation criteria from Tables 2-2 and 5-1 of MASH were used to
evaluate the crash test reported herein. Table 3.1 lists the test conditions and evaluation
criteria required for MASH TEST 3-21. Table 3.2 provides detailed information on the
evaluation criteria.
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Table 3.2. Evaluation Criteria Required for MASH Testing.

Evaluation . L
Evaluation Criteria
Factors
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.

D. Detached elements, fragments, or other debris from
the test article should not penetrate or show
potential for penetrating the occupant compartment,
or present undue hazard to other traffic, pedestrians,
or personnel in a work zone. Deformations of, or
intrusions into, the occupant compartment should
not exceed limits set forth in Section 5.2.2 and
Appendix E of MASH.

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

H. Occupant impact velocities (OIV) should satisfy the
following limits: Preferred value of 30 ft/s, or
maximum allowable value of 40 ft/s.

The occupant ridedown accelerations should satisfy
the following: Preferred value of 15.0 g, or maximum
allowable value of 20.49 g.
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CHAPTER 4.

TEST CONDITIONS

4.1.  TEST FACILITY

The full-scale crash test reported herein was performed at the TTI Proving Ground,
an International Standards Organization (ISO)/International Electrotechnical Commission
(IEC) 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, as well as MASH guidelines and
standards.

The test facilities of the TTI Proving Ground are located on The Texas A&M
University System RELLIS Campus, which consists of a 2000-acre complex of research and
training facilities situated 10 mi northwest of the flagship campus of Texas A&M University.
The site, formerly a United States Army Air Corps 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, highway pavement
durability and efficacy, and roadside safety hardware and perimeter protective device
evaluation. The sites selected for construction and testing are along the edge of an out-of-
service apron. The apron consists of an unreinforced jointed-concrete pavement
comprised of 12.5-ft x 15-ft blocks that are nominally 6 inches thick. The apron was built in
1942, and the joints have some displacement but are otherwise flat and level.

4.2.  VEHICLE TOW AND GUIDANCE SYSTEM

The 2270P 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 and 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 2:1
speed ratio between the test and tow-vehicle existed with this system. Just prior to impact
with the installation, the test vehicle was released and moved unrestrained. The vehicle
remained freewheeling (i.e., no steering or braking inputs were applied) until it cleared the
immediate area of the test site.
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4.3. DATA ACQUISITION SYSTEMS

4.3.1. Vehicle Instrumentation and Data Processing

The test vehicle was instrumented with a self-contained onboard data acquisition
system. The signal conditioning and acquisition system is a multi-channel data acquisition
system (DAS) produced by Diversified Technical Systems Inc. The accelerometers, which
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, solid-state units designed for crash test service. The
data acquisition hardware and software conform to the MASH recommended version of
SAE J211, Instrumentation for Impact Test. Each of the channels can provide 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 samples per second with a resolution of one part in 65,536. Once data are recorded,
internal batteries back these up inside the unit in case the primary battery
cable is severed. Initial contact of the pressure switch on the vehicle bumper provides a
time zero mark and initiates the recording process. After each test, the data are
downloaded from the DAS unit into a laptop computer at the test site. The Test Risk
Assessment Program (TRAP) software then processes the raw data to produce detailed
reports of the test results.

Each DAS is returned to the factory annually for complete recalibration and to
ensure that all instrumentation used in the vehicle conforms to the specifications outlined
by SAE J211. All accelerometers are calibrated annually by means of an ENDEVCOO 2901
precision primary vibration standard. This standard and its support instruments are
checked annually and receive a calibration traceable to the International System of Units
(SI). Measurement Uncertainties have been determined for critical parameters involved in
this testing and are available upon request by the sponsor.

TRAP uses the DAS-captured data to compute the occupant to vehicle contact
impact velocities, time of occupant to vehicle contact after vehicle impact, and 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 an SAE Class 180-

Hz low-pass 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 being initial impact.
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4.3.2. Anthropomorphic Dummy Instrumentation

According to MASH, use of a dummy in the 2270P vehicle is optional, and no dummy
was used in the test.

4.3.3. Photographic Instrumentation Data Processing

Photographic coverage of the test included 3 digital high-speed cameras:

¢ One placed overhead with a field of view perpendicular to the ground and
directly over the impact point.

e One placed with a field of view parallel to and aligned with the installation at the
downstream end.

e One placed at an oblique angle upstream from the installation on the impact
side.

A flashbulb on the impacting vehicle was activated by a pressure-sensitive tape
switch to indicate the instant of contact with the free-standing-to-anchored PCB transition
system. The flashbulb was visible from each camera. The video files from these digital high-
speed cameras were analyzed to observe phenomena occurring during the collision and to
obtain time-event, displacement, and angular data. A digital camera recorded and
documented conditions of each test vehicle and the installation before and after the test.
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CHAPTER 5.

MASH TEST 3-21 (CRASH TEST 622421-01-1)

5.1. CRITICAL IMPACT POINT LOCATION

The Critical Impact Point (CIP) for Test 3-21 was determined using finite element
modeling and simulation and was 195.6 inches [16.3 feet] upstream from the centerline of
the joint between barrier segments 9 and 10. Figure 5.1 shows the target CIP for test
622421-01-1. The target impact angle was 25 degrees in accordance with MASH Test 3-21
evaluation criteria. Figure 5.2 and Figure 5.3 depict the vehicle at the CIP prior to test
622421-01-1.

7 8 9 10 11 12 13
~— Q¢ of Joint
k | 1 [ ] [ ] 1 1 L ]
ﬁilﬂ B B2 L& I} 8 N 8 1 -l‘. =1 an . I} [ ] 8 A L= I B ]
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Figure 5.1. Target CIP for MASH Test 3-21 on Free-Standing-to-Anchored PCB
Transition System.
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Figure 5.3. Rear View of Test Vehicle Impact Location for Test 622421-01-1.
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5.2.  TEST VEHICLE DETAILS PRIOR TO IMPACT

Table 5.1 shows test vehicle measurements. Figure 5.4 and Figure 5.5 show the 2019
RAM 1500 used for the crash test. Figure C.1 in Appendix C.1 gives additional dimensions
and information on the vehicle.

Table 5.1. Vehicle Measurements for Test 622421-01-1.

Test Parameter Specification Tolerance Measured
Dummy Mass (if applicable)?(Ib) 165 N/A N/A
Inertial Mass (Ib) 5000 +110 5006
Gross Static® Mass (Ib) 5000 +110 5006
Wheelbase (inches) 148 +12 140.5
Front Overhang (inches) 39 +3 40.3
Overall Length (inches) 237 +13 229.0
Overall Width (inches) 78 +2 78.5
Hood Height (inches) 43 +4 46.0
Track Width® (inches) 67 +1.5 68.3
CG aft of Front Axle¢ (inches) 63 +4 59.4
CG above Ground® (inches) 228 N/A 28.3

Note: N/A = not applicable; CG = center of gravity.

@ |f a dummy is used, the gross static vehicle mass should be increased by the mass of
the dummy.

® Average of front and rear axles.

¢ For test inertial mass.

4 2270P vehicle must meet minimum CG height requirement.
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Figure 5.5. Opposite Impact Side of Test Vehicle before Test 622421-01-1.
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9.3.  TEST DESCRIPTION

5.3.1. Weather Conditions

Table 5.2 provides the weather conditions for Test 622421-01-1. Values for wind
direction and vehicle travel are in reference to the degrees on a compass, with North being

0 degrees.

Table 5.2. Weather Conditions for Test 622421-01-1.

Date of Test 6/25/2025
Wind Speed 7 mi/h
Wind Direction 156°
Temperature 85°F
Relative Humidity 80 %
Vehicle Traveling 325°

5.3.2. Test Events

Table 5.3 lists events that occurred during Test 622421-01-1. Figures in Appendix C.2
present sequential photographs during the test.

Table 5.3. Events during Test 622421-01-1.

Time Events

(seconds)

0.0000 Vehicle impacted the installation

0.0310 Vehicle began to redirect

0.0350 Barrier segment 8 began to move toward non-impact-side

0.0840 Front passenger-side tire lifted above the ground

0.1390 Barrier segment 9 began to crack on the non-impact-side

0.2130 Rear passenger-side tire lifted above the ground

0.2320 Vehicle was parallel with the installation

0.4540 Vehicle exited the installation at 45.4 mi/h with a heading of 16.6 degrees

and a trajectory of 11.9 degrees

9.4. TEST ACTUAL IMPACT CONDITIONS

Table 5.4 lists details of the impact conditions for this test and Table 5.5 lists the exit

parameters.
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Table 5.4. Impact Conditions for MASH TEST 3-21, Crash Test 622421-01-1.

Test Parameter Specification Tolerance Measured
Impact Speed (mi/h) 62 +2.5 63.0
Impact Angle (°) 25 1.5 25.5
Impact Severity (kip-ft) 106 >106 123.1
195.6inches 199.8 inches
upstream from the
. upstream from the
, centerline of the +1 foot (12 . .
Impact Location L : centerline of the joint
joint between inches) .
. between barrier
barrier segments 9
segments 9 and 10
and 10

Table 5.5. Exit Parameters for MASH TEST 3-21, Crash Test 622421-01-1.

Exit Parameter Measured
Speed 45.4 mi/h
Trajectory 11.9°
Heading 16.6°

Brakes applied post impact Not applied

178 ft downstream of impact point

Vehicl iti . . .
ehicle at rest position 27 ft to the impact side of the barrier

Comments: Vehicle remained upright and stable.
The vehicle met the exit box criteria® by crossing the exit
box 52 feet downstream from loss of contact.

3Per the MASH guidelines in Section 5.2.3, the exit box for the 2270P used in this test was
16.8 ft toward the impact side as measured from the impact side toe of the barrier and
32.8 ft downstream from loss of contact.

5.5. DAMAGE TO TEST INSTALLATION

Table 5.6 describes the displacement of the joints between the barrier segments of
the transition system. Table 5.7 provides the deflection and working width of the transition
system. Figure 5.6 through Figure 5.9 show the damage to the transition system.
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There was spalling at the base of the joint between barrier segments 8 and 9 on the
impact side. There was a significant crack on the non-impact side of barrier segment 8. On
barrier segment 9, the downstream impact side face of the barrier segment was raised 2.3
inches from grade, with the anchor pin raised 4.5 inches above the top surface of the pin
slot. There were two major cracks and other spalling on barrier segment 9 (Figure 5.8). Both
cracks were through the entire cross-section of the barrier segment, exposing rebar on the
non-impact-side with major spalling (Figure 5.9). Barrier segments 8 and 9 did not lose
continuity despite the concrete damage. On the upstream end of the test installation,
barrier segment 1 was displaced 2 inches in the downstream direction (Figure 5.10).

On barrier segment 10 the upstream impact side anchor pin was raised 0.3 inches
from grade, and the downstream impact side anchor pin was raised 2 inches. On barrier
segment 11 the upstream impact-side anchor pin was raised 0.3 inches, and the
downstream impact side anchor pin was raised 0.4 inches. Barriers 12 and 13 had no
movement.

None of the barrier connection loops were broken. There were some deformation of
the anchoring pins. Figure 5.11 shows the anchoring pins, the connection pin, and the
extent of the damage to the underlying pavement at the joint of maximum barrier
deflection (between barrier segments 8 and 9 after post-test disassembly of the transition
system).
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Table 5.6. Barrier Segment Displacements at Joint Locations for Test 622421-01-1.

Joint at Barrier

Joint Displacement

Segments (in inches) Comments
1 (u/s end of 2 dls, 0.5 ils
installation)
1/2 2.5d/s,0.5i/s —
2/3 2d/s,0.5i/s —
3/4 2d/s,0.5i/s —
4/5 2d/s —
5/6 2d/s,0.5i/s —
6/7 2.5dls, 2 ils 3-inph gap on the i/s at the top of barrier,
1.7 inches on the n/s
7/8 11 n/s, 1.2 dls 1.2 @nches gap on the i/s at top of barrier,
2.5inches n/s
8/9 26.5 d/s, 1 d/s 1.8 i.nches gap on the i/s at the top of
barrier, 3.3 inches n/s
9/10 3i/s. 3 uls Barrier segment 10 pin raised 0.3 inches on

i/s

Note: u/s = upstream; d/s = downstream; i/s = impact-side; n/s = non-impact side

TR No. 622421-01-1
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Table 5.7. Deflections and Working Width for Test 622421-01-1.

Test Parameter Measured
Permanent Deflection and 26.5 inches toward non-impact side at the joint
Location between barrier segments 8 and 9

30.4 inches toward non-impact side at the joint

Dynamic Deflection .
y between barrier segments 8 and 9

51.3 inches, at a height of 3.0 inches at joint between

Working Width® and Height barrier segments 8 and 9

@ Per MASH, “The working width is the maximum dynamic lateral position of any major part of the
system or vehicle. These measurements are all relative to the pre-impact traffic face of the test
article.” In other words, working width is the total barrier width plus the maximum dynamic
intrusion of any portion of the barrier or test vehicle past the impact side edge of the barrier.

Figure 5.6. Downstream In-Line View of the Transition System after Test
622421-01-1.
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Figure 5.7. Upstream View of the Transition System after Test 622421-01-1.

”-.; TN TR 2 1“ T —

il 3

Figure 5.8. Impact-Side View of Barrier Segment 9 after Test 622421-01-1.
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Figure 5.9. Non-Impact-Side View of Barrier Segment 9 after Test 622421-01-1.

Figure 5.10. Upstream Barrier End after Test 622421-01-1.

TR No. 622421-01-1 25 2025-11-05



Figure 5.11. Anchoring Pins, Connection Pin, and Asphalt Damage at Joint
between Barrier Segments 8 and 9 Post-Disassembly after Test 622421-01-1.
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9.6. DAMAGE TO TEST VEHICLE

Figure 5.12 and Figure 5.13 show the damage sustained by the vehicle. Figure 5.14
and Figure 5.15 show the interior of the test vehicle. Table 5.8 and Table 5.9 provide details
on the occupant compartment deformation and exterior vehicle damage, respectively.
Figure C.2 and Figure C.3 in Appendix C.1 provide exterior crush and occupant
compartment measurements, respectively.

Y22 .

ear Impact Side of Test Vehicle after Test 622421-01-1.

Figure 5.13. R
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Figure 5.15. Interior of Test Vehicle on Impact Side after Test 622421-01-1.
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Table 5.8. Occupant Compartment Deformation 622421-01-1.

Test Parameter Spgcification Mgasured
(inches) (inches)

Roof <4.0 0.0

Windshield <3.0 0.0

A and B Pillars <5.0 overall/<3.0 lateral 0.0

Foot Well/Toe Pan <9.0 53

Floor Pan/Transmission Tunnel <12.0 1.0

Side Front Panel <12.0 0.8

Front Door (above Seat) <9.0 0.0

Front Door (below Seat) <12.0 0.0

Table 5.9. Exterior Vehicle Damage 622421-01-1.

Test Parameter

Details

Side Windows Remained intact
Maximum Exterior Deformation 20 inches at front bumper
VDS 01LFQ2

CDbC 01FLEN2

Fuel Tank Damage None

Description of Damage to Vehicle:

The bumper, grill, fender, and both headlights
dislodged. The left front wheel bent, the tire
ruptured, and one lug nut stud was dislodged. There
were abrasions and deformities on the lower portion
of the left doors. The exterior left front door panel
pulled back one inch at the bottom. The exterior left
rear door panel pulled back two inches at the bottom.
There was a one-inch gap at the top of the left front
and rear doors. The left rear wheel was deformed
and the tire ruptured. The left taillight dislodged, and
the rear bumper was deformed. The tail gate
dislodged on the passenger side but remained
attached on the driver’s side.
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5.1.  OCCUPANT RISK FACTORS

Data from the accelerometers were digitized for evaluation of occupant risk, and the
results are shown in Table 5.10. Figure C.7 in Appendix C.3 shows the vehicle angular
displacements, and Figure C.8 through Figure C.10 in Appendix C.4 show acceleration
versus time traces.

Table 5.10. Occupant Risk Factors for Test 622421-01-1.

Test Parameter Specification ® Measured Time

OlV, Longitudinal (ft/s) <40.0 18.7 0.1067 seconds on left side of
<30.0 interior

OlV, Lateral (ft/s) <40.0 18.2 0.1067 seconds on left side of
<30.0 interior

Ridedown, Longitudinal <20.49 5.9 0.2474 - 0.2574 seconds

(8) <15.0

Ridedown, Lateral (g) <20.49 11.4 0.2874 - 0.2974 seconds
<15.0

Theoretical Head N/A 7.7 0.1029 seconds on left side of

Impact Velocity (THIV) interior

(m/s)

Acceleration Severity N/A 1.5 0.0536 - 0.1036 seconds

Index

50-ms Moving Avg.

Accelerations (MA) N/A -9.9 0.0366 - 0.0866 seconds

Longitudinal (g)

50-ms MA Lateral (g) N/A 9.9 0.0310 - 0.0810 seconds

50-ms MA Vertical (g) N/A -34 0.2475 - 0.2975 seconds

Roll (°) <75 41.2 0.8913 seconds

Pitch (°) <75 17.2 0.8896 seconds

Yaw (°) N/A 62.3 1.4843 seconds

® Values in italics are the preferred MASH values
Note: N/A = Not Applicable

5.8.  TEST SUMMARY

Figure 5.16 summarizes the results of MASH Test 622421-01-1.
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GENERAL INFORMATION Exit Box Criteria: The vehicle met the exit box criteria

Test Agency: Texas A&M Transportation Institute (TTI) . ) 178 ft downstream
Stopping Distance:

Test Standard/Test No.: MASH 2016, Test 3-21 27 ft to the impact side
Project No.: 622421-01-1
Test Date: 6/25/2025 Dynamic: 30.4 inches
permanent: 265 inches
Type: Longitudinal Barrier Working Width: 51.3inches
Name: Free-standing-to-anchored F-shape PCB transition system Working Width Height: 3.0 inches
Length: 157 feet VEHICLE DAMAGE
Galvanized ASTM A449, TxDOT Type D Asphalt, native soil, VDS: 01LFQ2
Key Materials: rebar grade 60, concrete barriers, galvanized anchor pins, CDC: 01FLEN2
and galvanized connection pins Max Exterior Deformation: 20 inches at front bumper
Roadbase and Condition: Type D AId g:f);?,:](;l:ip:)anrjt Compartment 5.3 inches in the foot well/toe pan
Type/Designation: 2270P
Year, Make and Model: 2019 RAM 1500 Longitudinal OIV: 18.7 ft/s
Inertial Mass: 5006 Ib Lateral OIV: 18.2 ft/s
Dummy Mass: N/A Longitudinal Ridedown: 59g
Gross Static Mass: 5006 Ib Lateral Ridedown: 1M4g
THIV: 7.7 m/s
Impact Speed: 63.0 mi’h ASI: 1.5
Impact Angle: 25.5° Max 50ms Longitudinal: -99¢g
Impact Location: 199.8 inches upstream from the centerline of the joint Max 50ms Lateral: 99g
between barriers 9 and 10 Max 50ms Vertical: -34¢g
Impact Severity: 123.1 kip-ft Max Roll: 41.2°
Max Pitch: 17.2°
Exit Speed: 45.4 mi/h Max Yaw: 62.3°

Trajectory/Heading Angle: 11.9°/16.6°
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Figure 5.16. Summary of Results for MASH Test 3-21 on Free-Standing-to-Anchored F-shape PCB Transition system.
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CHAPTER 6.

SUMMARY AND CONCLUSIONS

The crash test reported herein was performed on the free-standing-to-anchored F-
shape PCB transition system in accordance with MASH TEST 3-21.

Table 6.1 shows that the free-standing-to-anchored F-shape PCB transition system
met the performance criteria for MASH TEST 3-21 for longitudinal barriers.

Table 6.1. Assessment Summary for MASH TEST 3-21 Tests on free-standing-to-
anchored PCB transition system.

Test
Description’ 622421-01-1
(MASH Test 3-21)

Evaluation
Criteria

A Contain, Redirect, or S
Controlled Stop
No Penetration into

Occupant Compartment

F Roll and Pitch Limit S

H OIV Threshold S

I Ridedown Threshold S
Overall Evaluation Pass

Note: S = Satisfactory; N/A = Not Applicable.
'See Table 3.2 for details

6.1.  IMPLEMENTATION®

The optional MASH Test 3-20, involving a 2,420-lb small passenger car, was not
considered critical for evaluating the transition system. Due to the lower vehicle mass, this
test condition was not expected to produce higher impact loads on the transition system or

* The opinions/interpretations identified/expressed in this section of the report are outside the scope of TTI
Proving Ground'’s A2LA Accreditation.
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result in greater barrier deflections compared to the 5,000-Ib pickup truck specified in
MASH Test 3-21. Therefore, Test 3-20 was not conducted.

Based on the results of the crash testing presented herein, the free-standing-to-
anchored F-shape PCB transition system is considered compliant with MASH Test Level 3
evaluation criteria.
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APPENDIX A.

DETAILS OF FREE-STANDING-TO-
ANGHORED PCB TRANSITION SYSTEM
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Connection Pin

1a. Pinis forged by Portland Bolt
Company (Part #18241), with no welding,

and galvanized per ASTM F2329 and A153.

1b. Material is ASTM A449.
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FOR | TEXAS A&M TRANSPORTATION INST

MIIP)Portiond Bott - =

800-547-6758 | www.portlandbolt.com EST. SHIP DATE| 3/8/2023

Certificate of Conformance

We certify that the following items were manufactured and tested in accordance with the chemical, mechanical,
dimensional and thread fit requirements of the specifications referenced.

1" X 28" DOMESTIC HOT-DIP GALVANIZED ASTM A449 BARRIER PIN WITH NO THREAD

HEAT | 3083933 BASESTERL 1045AR DIAMETER | 1 source | COMMERCIAL METALS CO
C MN P s Sl NI CR MO cu PB v CB N
0450 0760 = 0.009 = 0031 0220 0090 0080 = 0024 0310 - 0001 - -
. .TN . . . PRC;OF . . ‘ HR. . .
81,580 LBF 51,500 269 HBN
Lot#20863 '
Coatings

e |[TEMS HOT-DIP GALVANIZED PER ASTM F2329

Other
e ALL ITEMS MELTED & MANUFACTURED IN THE USA

Q -
7 Certification Department Quality Assurance
Dane McKinnon
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n“' Portland BOlt ORDER # 159775 rev. 1

DATE | 2/17/2023
& MANUFACTURING COMPANY
800-547-6758 | www.portlandbolt.com PAGE| 1 of 1

sales@ portlandbolt.com Phone: 800.547.6758 | Fax: 503.227.4634

SALESPERSON | Kyle Pettijohn
www.portlandbolt.com 3441 NW Guam St. Portland OR, 97210

DIRECT PHONE | 800.628.9472
SOLD TO

SHIP TQ EMAIL | kyle@ portlandbolt.com
TEXAS A&M TRANSPORTATION INST Adam Mayer @ 5126353115

TTI FINANCIAL SERVICES TTI

3135 TAMU

3100 HWY 47 South
COLLEGE STATION, TX, 77843-3135 BLDG 7091

Phone: 979.317.2755 | Fax: 979.227.7710 Bryan, TX, 77807

ATTN | Adam Mayer <a-mayer@ tti.tamu.edu> CUSTOMER PO | 618141

SHIP DATE | 3/8/2023 (scheduled) SHIP VIA| UPS Ground

LINE DESCRIPTICN

QTy.
ORDERED

1 18 1" x 29" domestic hot-dip galvanized ASTM A449 barrier pin with no thread

TR No. 622421-01-1 53 2025-11-05
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Craig Godwin, Inc, dba

United Machine Works P
Certificate of Conformance
To: SUMMIT PRECAST CONGRETE, LP ’ From: United Machine Works

9930 INDUSTRIAL DR P O Box 525

Navasota, TX 77868 New Waverly, TX 77358

USA UsA

Packing List No: 145032 Today's Date: 05/08/2025
Shipping Date: 05/08/2025 PO Number: 25-108
CERTIFICATION DOCUMENTS

POLIng - Back
1 241156 TT! ANCHOR PLATE 72607 EA 21 21 0

ANCHOR PL

Serlal No, 25-108-1-1, 25-108-1-2, 25-108-1-3, 25-108-1-4, 25-108-1-8

Serial No. 25-108-1-8, 25-108-1-7, 25-108+1-8, 25-108-1-9, 25-108-1-10
o .. Serial No. 25-108-1-11, 25-108-1-12, 25-108-1-13, 25-108-1-14, 25-108-1-15

Serial No. 25-108-1-16, 26-108-1-17, 25-108-1-18, 25-108-1-19, 25-108-1-20

Serial No. 25-108-1-21

CERT ENVELOPE

COUNTRY OF ORIGIN: USA

The materials, processes, and workmanship all conform to the requiraments of all applicable specifications, drawings, and the purchase order supplied to
Craig Godwin, Inc. dba. The appropriate documentation providing traceability is on file at Craig Godwin, Inc. dba. It is available for review by authorized
customer representatives.

Gofry -

Authicrized Signature
Graig Godwin, Inc, dba

Page 1 of 1
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- |Purchase Order: 25-108

United
Machine
Works

Report

Operators N

Part Numiber: 241156 TTI ANCHOR PL
Part Description;: ANCHOR PLATE

‘Date: 4/14/2025

Revision:

Specml Notes
Job# 72607
. Jeb B 30y

B Speclﬂcahon

tnspector: i ny Battd

Measured Dimension of Seriafized Parts

‘l Dimension : Tolerance 4 1 2 " 3 4 5 6 "fl f!{ QE 10
Serlal Nurnber i !
{if applicable} AU : -
R ) S e
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Féé4-001 Rev A I;!'sgr,rez:tion Report

CAGEToF [
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United

Purcha.,e Order 25 108

Machine
Works

Part Number 241 156 TTI ANCHOR PL

Date: 4M4/2025 ©

Special Notes: o

) Re\nsmn ’ Johi#t 72607
Fart Description: ANCHOR PLATE K e - T
Operators . e B !Inspecior,’ - - _: _,;__,_« e -
Spec,iflcatzon : Measured Dimensian of Serialized Parts
T i : ‘F ‘ -
; Dimension  Tolerance i 11 12! 13 14‘ - 15_'_ 16 17! 181 191’ 20
Serial Number ! ! o
i applicable} 1. R S _
e T 2Tk LA g A oH R
I Y A0 /R /Y Al A % U2
._f’_i z.1rz_ i 2/{” Z/{" VA %" 2&” Z)Z“' lg’i‘lé” Z/ ’ '2,/5 ‘ Z}i”
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al Eimw :‘125 ;7»" 4 Py 5 % | é‘ j// é’/ ; " 4 % g IZ é{/ »_
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" 5412 425" jg 5/{ 5/ 5}2 5Ar 5%’ 25/ 5)?: 5/}! 5/14//
13 | E : ]
Ll S
15 VeErtIgT:‘l;m:;;;gu verified by “,‘;\%3 e ;- )
T Fmal ] Verifiedby | (AR N
18] lespection | Gemspator) gy | T T DN
LA § . - a
) N
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8 1 L -
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E-’-urchase Crder:

United
Machine
Works

on Report

PLETY

Part Number: 24

1156 TT1 ANCHOR PL -

Péxrf Eéscription

+ ANCHOR PLATE

Date: 411412

‘Revision:

025

T Jon# 72607

Spacial Notes:

. e e e e e _ - - ]
Operators: Hnspector: I
o Specification o ___Measured Dimension of Serfalized Parts
i HE B . I
i |
Dimension | Tolerance ) 217; - o
Serial Number
(if applicatile) ;
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I B ¥ 1 ok . - .
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UNI-FAB

R CERTIFICATE OF MATERIAL
UNIFAR

IOV LT RN AT

SPECIFICATIONS AND WORKMANSHIP
DATE: 5/7/25
PO# 143188
JOB: 72607
3044

ANCHOR PLATE
PART NUMBER: 241156 TTI ANCHOR PL PART DESCRIPTION:

CUST PG: 25-108 LINE 1
S/N: TRACER 1 THRU 21
Material: A5S72GR50T1
HL: UF4369 /HTH KNAABL

QUANTITY: 21

SPECIAL PROCESS: MANUFACTURED PER PRINT

COUNTRY OF ORIGIN: United States of America
The materfals, processes, and Workmanship all conform to the requirements of all applicable specifications, drawings, and
the purchase order supplied to Uni-Fab. The appropriate dotumentation providing traceablity is on file at Uni-Fab. 1tis
avallable for review by authorized customer representatives.
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&5 S
CERTIFICATO DI CONTROLLO 3.1 / INSPECTION CERTIFICATE 3.1 - EN 10204:2004
. (A} PROCBESG O ELABORAZICHS § STEELMAKING PROCESS:  E = ELECTRIC ; §U = BASIC OXYGEN
L i (3] STATO D1 FORMITURA / DELVANY COBRITION: AR = GREZIO DI LAr!\Pl&Z(ON[f A5 n"JLlfD H
M ET l NVES l U™ = EAMINAZLONE A TEMPERATUNA COMTRCLLATA / ‘IURHALIE!'I(‘ REAIING L .
= HOMAALZIATO / NORMALIZED 4l 910°C, 5,9 minjun ; ARLA CALMA # STILL ATR;
N i R = MIGC1UTT f AMNEALEL:,
4 e iR Mz "
METINVEST TRAMETAL SPA AR L
H = 910°C, 1,5 enia/roin nmb\w/;ﬂmun
R = 650°C, 1.5 mimjmeT ; ARIA CALIA £ STTEL
Erg (D) Ceq b =C +Mnj6 jCag 1=C »num;{cnmncws [T
Sacletd per azieni can socio unice scggetta 2 direziane e coordinamantn di MeBavest By (,,","D'm,‘(,;;',’f‘éaﬁ-."gn' culb izt “;L’;" '{?;f:ﬁ:{’g%rm
Registered office: Via XIE Ottobra 1, 5° plano - 16121 Genava, laly {25 POSTZIONE  LOGATION: € = cuDPEp 142 HICKUESS ; P = PRILE / SURFACE ; D % L SPESSORE / THIURNESS
Phone +39 010 5762911 - Fax +33 012 5762550 13) DIREZICHE / DIRECTION: L = LONGITUDINALE | LDME[T\.IDHJ:\L T = TRAGYERSALE 7 TRANSVERSE
Works: Via &, Fermi, 4 - 33055 San Glorgio di togaro UD, fsly (4 FORMA DEL FIOVING ] SHAFE OFTEST PIECE: - P o PRISMATICO ¢ PRISMATIC ; C = GILINDRICE § CYLINGRICAL
Fhone +39 E.HJ! Bisﬂﬁg Fax +39 0431 629585 ’ 15y FS}TO PRCVA D] PIRGA Y RESULT: O = COMPLYING ; NO = ROT COMPLYING
Cap. Soe. Euro J00.120.000,00 iv. - -
CF., P.I/A ¢ iscr. Reg. Fmp. GE DSS56530065 - REA 437720/GE sl Customs
h\tp Attrametal. metnvastholding.com <
"N Certificatn / Certifivste no., T Date { et INTSEL STEEL DISTRIBUTORS LLC
597984 21/11/2023 6000 JENSEN DRIVE
“PNe Ordine Trametsl £ Works order  [*7N° Ordine clients f Custorner's nider 77626 Houston
32304872 WLY-3030% us
epT del / date
BOL 32322081 20/11/2023
pratica § File o, s m@gmmmmm
LAMIERA/ORDINE/N® INFORNAMENTO/DIMENSIONI/QUALITA/MARCHIO DEL PRODUTTORE
del / date PLATE/ORDER/ INTERNAL NYDIMENSIONS/STEEL GRADE/MANUEACTURER'S MARK,
BO1/A02B03
otto 1amfere / Hat rolled plates
lits { ara AS72GRSOTL
Normativa [ Specification ASTM
Bo7 Fo7 Bo7r  po3jsil Eiz o7 7o pea foo Bos koo 05 FWHT ko po5 Q+T
= a& ma mm o% a maim g 58 1 R EHEEEHE A M R R 5
m 2% o Em‘ﬂ = A EZiEg anlsgEalial 88 &2 R R IR R T
= g9 R =4 ] Ro §H? hS iz 25 zzzﬁ"' Ei molamizilzmlzz|zEzm
& . 4z [BHiE S&|a 532 R R H g
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= ﬁE ools [ — g M Ei= E| Bm = -
B2 5 B 40 EF B s R o B
m 5o 228 g ° ol s of s
ey Q.
s - a o
a |4
=
13 [KNAMGIOG01B 11903877 12.70M2438X5096 | 1,48 | 776935 BQ | N | GM76T
15 FKNAASSOS0IC[903838 o.53x2438x6006 | 1,11 | 776965 BO | N -] GM776 )
15 fKNARICO40SCIo03689 9.53%2438%6096 | 1,11 |776991) BO| M j[GMECZ] )z> g 8 E’:’
15 [KNAAYD0405D [19036B9| 9.53X2438X6096 1,11 | 776991] 80 | N [{GMB02] 9] 3 =
T n 4]
15 | KNAs91020SC|1502668 9.53x2438%60%6 | 1,11 | 777000] 20 | ~ [remannl g e £
- - N
15 [RNAATIQ2050 HS0368E  9.53X2438X0096 1,11 | 777000] BO ) N [HGMB1L] A ﬁ o ___Ul
15 | KNAASI103058 1903635) 9.53x2430%5096 | 111 |777e00] s | n | emait P o rig
—— - — y >
16 | KNASB11104A R903638  7.99%z438x60% | 0,53 |77sseilso | n | GMrrz .3_>| 53 O
16 | KNARGS0ID4A 1903745 7.90243mx609%6 | 0,93 | 776978 [ 80 | N | GM7BY m -y 5
16 [ KMNAABT02048 [1O0D36G06| 7.94X2438X6096 | 0,93 | 776973 BO | N {[GM784] ; g
16 | KNARG7O304A [1903613)  7.04%2438%6096 | 0,93 | 776073 BO | W |[GMre4) 2 Q
16 | KNARSIOS04A 1503622  7.94X2430%00% | 0,93 | 776973 BO § N { GM784 [} %
16 { KNASABBI3O5A 903597 7.94X2438X6096 | 0,93 {776988{ BO | N | GM799 ﬁ r’ﬁ
16 | KNAABIOL04A (1503735 7.94X2438%609% | 0,93 (776966{ BO { N [[GM777] ; H
16 | KNAASIOZDSCII90374] 7.94X2438X6096 | 0,53 (776066( BO 4 N [[GM777] m
15 { KNARSIOSOSA (1903603 7.94X2438X6096 | 0,93 (776980{ BO | M | GM791
16 | KNAASGOS0SC{190360], 7.94X24 386096 0,93 { 7769801 8O { N | GM791
18 { krinpgnososchigoseny 799043816096 | 0,93 | 77esE0| 80 | M (GM7IL)
C71 /C92 LOMPOSTZIONE CHIMICA DI-COLATA / HEAT CHEMICAL ANALYSIS -
oy cry [c7z [e73 Jexe jers |evs |err fers |cys |cso [cer sz joea jees [eas  joes  |oer josa less e jom
COLATA C | Wn | & 7 s Eu W or o Al v £ 3 Sn Ca H 8 T [.Ceal | Ceqz | Pem )
HEAT [ % [ % | Yo he) i) 9% Yo Yy Yo Yo 7S L 9% S % B Yo 1% (D) [V (D)[%a (D
AS72GRE0TL Min 850
0.00 - 10.80 "
AS72GRE0TE Max
500 nan 1023|135 | 040] 0040 | 0,050
SEE 23103833 2 Order N° 32304822 - Custamer Orfer MO XN Y-30909 - DL > 3212708) - Cerifesie N9 392984 -1 f 2
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o7+ /(92 COMPOSIZIONE CHIMICA DI COLATA / HEAT CHEMICAL ANALYSIS
Bo7 €7k |C72 (€72 {074 crs c7e cr? f=+1:} ford: ) CRU Ca1 €32 cal3 TRY CHS fe: -3 87 €48 C89% c80 £91
COLATA £ Mn_ Si P 5 Lu. NI = Mo, Al v Nb Tl B [} N 8 ] [TES CegZ | Pom
o v Ll o | % | o | S 1 o | we 1 e | wa | G ] Sk | o6t % | o | a_ | g |%a(D3i% {D|% (D}
ASTIGRSOTI Min 0,80 g
10.10 - 40,00 "
ASI2GRSOT1 Max .,
10.10.. 40,00 | %23 | L35 | 6,99] 0,040 | 0,050
=4 KNAASI 0,161,459 0,19 0,616 | 0,004 | 0,810 | 0,010 | 0,020 | <0.005] 8,039 | 0,002 | 0,036 | 0,002 |<0.005| 0,0000 |0,0080 0,0002 {5,0000] 0,40 | 0,41 § 024
KNAASS 0,15 | 148 fo,21 | o601 f ooz | 0,810 { 0,010 | 0,610 f<0.cos} 0,037 | 0,002 | 0,099 {0,081 |<0.005| 0,0000 |0,0080§0,0002 fo,0000| 0,40 | 040 § 6,23
KNAAS? 0,16 | 1,47 ] 0,21) 0,016 | 0,004 | 0,620 } 0,040 | 0,020 J<0.005{ 0,038 | 0,002 | 0,027 | 0,002 | <¢.005| 06,0000 |0,0050] 0,0002 0.0000] 0,41 | 041 § 0,24°
KNAARE 0,16} 1,47 { 0,20 | 0,017 [ 6,007 { 6,020 | 0,010 { 0,010 j<0.005] 6,035 | 0,002 | 6,036 1 0,001 §<0.005| 0,0000 {0,0070] 0,000z |o.00e0| 041 | 0,41 10,24
KNAASD 6,16( 1,40 { 0,22{ 0,013 { 6,005 | 0,010 | 0,010 | 0,010 j<0.005] 0,041 | 6,002 | 0,033 | 0,801 1<0.005) 0,0060 §0,0060 | 0,0002 § G000} 0,39 [ D45 | 0,24
KNAASD 9,16] 1,47 {0,21] 0,011 { 0,003 | 0,020 | 0.010 | 0,010 i<0.005] 0,041 | 6,001 { 0,028 | 0,001 <0.005] 0,0000 jo,0100) 0,000z {00000} 0,41 | 0,51 | 0,24
Kaas 1 0,15{1,41)0,22] 0,012 | 0,004 | 0,010 | 0,010 | 0,010 [<0.005| 8,043 | 8,002 § 0,030 | 0,001 §<0.005] 0,0000 {0,0040| 0,0002 |0.0000) 0,33 § 0,39 | 0,23
PROVA DI TRAZIONE MPALT TE e vy vch [PROVA DIPIEGA]  FROVADI DUREZza | [RONADE
TENSILE TEST BEND TEST HARDNESS TEST
TEST 295 TEST
00 0. 03 11 E17 1 10 p41 a2 03 43 FO2 50 Xoi fFaa ‘:31 32 54
TEE EFEIEEFE AR B EIE B EEERS BB = W IR X L
I EEEEERH R P e L IEE I S
E aolelE |5 =37 K] 23 Szmi@songEe = 2ilzg Bpize
nold ] EFEE | » EEH Il Biz*|5 RS EME a Elz GEIDE
2328 EE P = - . =E| £E|28 RIS [F] =28 3° B B
CAMPIONE ﬁ;z"‘ 33%‘532 C Eéa% EEE Fal<n .’3?.%35 ol 7 32: % £ g gﬁgﬁ
SAMPLE 23l o £Ela (2 sefagl 12 [ BB o sg LN Hl = 58 SglEE
m a 8 Slcm
B8 %1 % 57 13 3133 3l 54 BN |4 2 E® A3
£ alRg BB A g RE g cily a Eal ©
g i
AS72GRS0T3 My
o 20.00 2 §345] 450 18,0
A5 72GREOTL Max 0
0.00 - 20,00
GM76L 12,70 2 B T | 20 7305] 51> 34,61 ? { 10,00 P 00o 0
GHM772 24 |2 [ 2| v a0 jasfsm| [san RS p [ oce T
GM776 953 | 2 P | T §201412]528 33,2, ? | 7m0 P o0 &
GM7#7 2,94 2 1 T } 20 1405] 513 31,1 p 7,50 P o0Q o
GM784 sed 2 b e ] 1§ {az]m0 132,6] p{ 750 [ LEX) []
G782 794 |2 1o | T mwiaofsmi i) P | 750 pj oo |0
GM793 794 dz | Pt ¥ Lo ]amssor) |;3 P | 750 | oo |0
GM79% 7,94 2 14 T [ 20 §415] 500 32,2 P 7,50 B ago ]
GMAD? 953 p2 | P iy [zl Pug D p | e00 {0
.- GME1L 95312 | P} T |2 {aos|s10 34,1 p | 750 [) 40a []
10
RSME SA-370 FIG. 3 AND FIG. 107 11 - SAMPLE TAKEN AFTER PLATE HEAT TREATMENT
B e = - - -
251
TEM TOLLERANZA DI TOLLERANZE G TULLERANZE DI CONDIZIGNL PLANARITA
: SPESSORE LARGHEZZA LUNGHEZZA SUPERFICTALY FLATNESS
= | TOLERANCE ON TOLERANCE 0N WIDTH |TOLERANCE ON LENGTH {SURFACE FINISH :
THICKNESS
13 ASTM AETAGM EM 10629 EN 10029 ASTM AGTAGM ASTM AG/AGM
15 * IASTM AGJAGM EN 10029 EN 10029 ASTM AG/AGM ASTH AG/AGM
16 ASTM AEJAGM EN 10029 EN 10028 ASTH AG/ABM ASTM AB/AGM
CERTIFICHIAMQ che le lamiere efencate sono conformi alla prescrizione defliordine, che | controfii della marcaturs, dell'aspetto superficiale & dimensionale hanno dato esito positivo.
WE CERTIFY that the above mentione! plates ae consistent with the order prescriptions: marking, inspection and measurement without sbjection.
DICHIARIAMO CHE LE LAMIERE SONO STATE CONTROLLATE I ACCORDO AULA NORMATIVA VIGENTE E CHE LE RADIAZIONI IONIZZANTL NON ECCEDONO IL VALORE DEL
FONDO NATURALE. . ! '
WE DECEARE THAT THE PLATES WERE CONTROLLED ACCORGING TG STANDARD AND RADIATION DO NOT EXCEED THE NATURAL RADIATION.
z086 i
07 ZAa3 ENTE COLLAUDC FINSPECTION RODY 02
PRODUCED FROM CONTINOLIS CAST SLAB AND HAVE A MINIMUN TIMBRO DELUTSPETTORE ’ '
REDUGTION RATIO OF 3TO 1. ACC. TO ASTM ED. 2022, FULLY STAMP OF THE INSPECTION METINVEST METALE./?
HELLED, FINE GRALN STEEL. Yalue of Mn maximun In dergaticn permitted |REPRESENTATIVE F. Andrlan
+|up to 1.60% - -
P £Q Manag

UP{RY

Sale 23102433 - Qrder be 32309822 - Cusininec Doar e i:30908
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2-1/4"

m

R

1-.3/4% X 2-1/2"

- mm-_,-m= {+0, -1/4") .rL\ i
@ Anghmr Plate ,
PiafA Y 12" x 112" @
ASTM A572 Grade 50
Galvanize after fabrication is complete.

O -y Y .

< Texas AsM : Roadside Safety and
- ﬂ.ﬂ:m_ualmn.o: Physical Security Division -
B aiithie Proving Ground
Project #622421 PCB >:n:cawa Transition 2025-02-27
Drawn by GES ~ Scale1:3 Sheet 7'of 8 Anchor Plate

3 Snﬂoa:wgo: ._womm mc:;m_m 000 Project Fiies\622421-01 - Free-Standing 1o Anchored Barsiers - m_._m_xzoqmn.sn. mmmam?ﬂ.mmmﬁ._,ﬂ Barrier Drawing
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Craig Godwin, Inc: dba

United Machine Works . ‘

Certificate of Conformance
To: SUMMIT PRECAST CONCRETE, LP From: United Machine Works
9930 INDUSTRIAL DR P O Box 525
Navasola, TX 77858 New Waverly, TX 77358
USA USA
Packing List No: 145031 Today's Date: 05/09/2025
Shipping Date: 05/00/2025 PO Number: 25-108
CERTIFICATION DOCUMENTS
EQ Ling ) Back
No, Number Ravision Deseription Job No, Unit Shipped Ordered Ordered
2 241156 TTICON CONNECTION LOOPS 72608 EA 35 35 0
LOOP
Serial No. 25-108-2-1, 25-108-2-2, 25-108-2-3, 25-108-2-4, 25-108-2-5
Serial No. 25-108-2-6, 25-108-2-7, 25-108-2-8, 25-108-2-9, 25-106-2-10
. Serial Na. 25-108-2-11, 25-108-2-12, 25-1008-2-13, 25-108-2-14, 25-108-2-15
.- . Serial No. 25-108-2-18, 25-108-2-17, 25-108-2-18, 25-108-2-19, 25-108-2-20
Serial No. 25-108-2-21, 25-108-2-22, 25-108-2-23, 25-108-2-24, 25-108-2-25
L L. Serial No. 25-108-2-28, 25-108-2-27, 25-108-2-28, 25-108-2-29, 25-108-2-30
- -+ Serial No. 25-108-2-31, 25-108-2-32, 25-108-2-33, 25-108-2-34, 25-108-2-35

CERT ENVELOPE

COUNTRY OF ORIGIN: USA

The materials, processes, and workmanship all conform to the requirements of all applicable specifications, drawings, and the purchase order supplied to
Craig Godwin, Inc. dba. The appropriate documentation providing traceability is on file at Craig Godwin, Inc. dba. Itls avaliable for review by authorized
customer representatives.

Authorized Signature { !
- Craig-Godwin, Inc. dba

Page 1of 1
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United

Machine
Works |
Furchase Order 25 108 o "Da;.e 4!14/2025 o ‘ Spez:lal Notes:
Part Number: 241156 TTI GONLOOP  |Revision: T onnTze08 3

Part Descrlption Connection Loop
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o United

Purchase Order 25 108

Part Numher: 241156 TTI CONLOC;P )

Machine
Works

* IDater ara/2025

Part Description: Connection Loop

~iReviston:

a Spe(:lal Notes

" Job# 72608

Gpoators: .nspecm\gfm/w@q }fr o
- Speicificatligg”” - ] Measured EllmeusmnofSenahzedPar’ts N
| J_Dlmenskon } _Tolerance | 41, 12? 13? 14j 185 162 17? 1a§ 19 20|
Gioppiea o ) | ]
| Hoattogumber U{tts‘ii Ufie JVEES ] UFLQSg uF 4553 PSS UE“&SW(%SS
A PO R ‘;z" R ?;z,",, DR VAN I
i o e LGyt aye 3/4 Bk EAET EASE ML
R 5 70/A 7%! 70/1 ol ok ek ‘7@*75 10k | 7h Vs
s % % -% B gog |5
AT T ‘%C 457 |48 ST 9S T ygT
5 125 a4 ‘\“ L AN M
08 I Wi .953»1 &S/q S Uy %S/Lz 5045 S] 15 %
Sl R O [ - _
, e
12 S .
wl o L L
s Ve v e,
15 lnst:.I:EIiDn Eo‘flrr'.;'f::;ir‘ ‘ﬁ:%’ e ‘”“ - [ .
8 | - _
20 | ' B L
L

21
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United
Machine
Works

. Purchase Order 25 1!)8

Operators

Part Number 24‘1‘!56 TTI CDN LOOP

’ Part Descrlpt:on Connection Loop

Ravlsian ’

Date 4!1 4[2025

ction Rep@ri

Spaciai Notes

 Specification
|

Heat Log Number

21

B Job#l 72608
wnspector Sfeven (acler
__ Measured Dimension of Serialized Parts _
: ‘ !
24 25 IR AT .. M

23

_ i Bimension ; Tolerance _i 22
Serial Number
(if applicah!ej
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United )
Machine n
Works B
Purchase Order: 2__5__1q3 T " Date:a/aiz025 .
Eiﬁ Eg@:ﬁrgaﬂss T CON LOOP |Revision: “Jobi# 72608
Part Description: Connection Loop
Operétors:iﬂ* ) : - anspectoﬁ#k;ngy{,@t( E’/ - o
. Spectilcation I S easured Dimension of Serlallzed Parts
i ] ! ; H H
Dimension | Velerance 31} 32, 33J ) 34§ o 35_1 ? ~ !
Serial Number i i i 7
{if applicable} K H o r ;
Heat Log Numb : ‘
SR Fﬂm U\"ﬁ% umsgg Vﬁm’x UFLBSS - _
11 2 125" J 2” | g“ 2 of f
,: —— - { I “. - “ e o K
. ' @M \ £.126 PBL_} —S/( r B/L_{ 5/(_' :
Tod e aazs |7, / PR SIS R P S ¥ e !
R Oy e 7(}/« oY~ 048] ]
4 8" £125" g“ g“ g i 8 8 :
oo 08T et Sy z@:‘fj o
L}
IREIR TR KT
;1 s £ 125" 9\%”‘ 4 b / 3/“ % ; 95 é f - ' )
L :
9
15
1
12 ! |
T o T T Y !
L i E 4 , |
Verily $tamping, i
15| Bt 9 gy O . —
Final “veritioany | RN .
16 . Inspection QCeI)i;:etﬁf:r @\?}; R 3 o - E‘t‘;
! ; ; - ;
17 ; :
e e — 4 — 3. e e —a
Wi
N’ig 5 SN S -
0 ] -
A R N SO _
F-824.001 Rov, A tnspection Repor: T PAGE 1 OF 1
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UNI-FAB

i

UNIFAB

MACH T & F2RARIATION

- CERTIFICATE OF MATERIAL
SPECIFICATIONS AND WORKMANSHIP
DATE: 5/7/25

PO# 143188

108 72608 — o i S e £ £ e i s s e it ety e

3044

PART NUMBER: 241156 TTI CON LOOP PART DESCRIPTION:  CONNECTION LOOPS

CUST PO; 25-108 LINE 2
S/N: TRACER 1 THRU 35
Material: A572GR50T1
HL: UF4358 /HT# 3135487

QUANTITY: 35

SPECIAL PROCESS: MANUFACTURED PER PRINT

COUNTRY OF ORIGIN: United States of America
The materals, processes, and workmanship all conform to the requirements of alf applicatle specifications, drawings, and
the purchase order supplied to Uni-Fab. The appropriate documentation prou'id'irlg traceablity is on flle at Uni-Fab. Itis
avallable for review by authorized customeér representatives.
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We heraby cortify that tte test results presanted hare

, CMC STEEL TEXAS CERTIFIED MILL TEST.REPORT are accurate and conform to the reported grade specification
LINE  tsmruLone For adional copies cal , :
SEGUINTX 78155-7510 800-227-6489 e / <
. Ay .;LM*‘ L
P : ® Draw W Fischer ’
_1 SERIESBPS Quality Assurance Manager
AT NG, 135487 S O'Neal Stoslinc § | O'tloal Stgal Deliveryf: 86185875
CTION: ROUND 34 x 200" A36/52950 0 ’ H BOLH: 76450524
TADE: ASTM A36-19/A523-19 Gr 50 RD L | 4530 MESSER AIRPCRY HWY | {4005 Grand Lakes Way CUSTPOK, 722428
ILL DATE: 12152024 D | BIRMINGHAM AL P | Grand Praitig 7% CUST PIN: 834718
LT DATE; 120412024 U8 35221827 US 750500000 DLVRY LB8 1 HEAT. 13608.000 LB
rt. No.: 861888751 435487 A457 T ; 2065384000 T | 9724027345 DLYRY PGS/ HEAT: 456 EA
0 E 0
Characteristic  Valus Characleristic Veiue Characieristic Valug
e EongleGagelgtestt BN
Mo 0.91% i Reduction of Areatest1  84%
0.008% ' YVield o tonsile ratio testt 0.7+
5 0¥ Yietd Strengthi fost 2 55.8ksf
Si 0.22% Tonslle Strength test 2 17.6ks!
Cu 0.8% Elongationfest?2  42%
Cr 0.40% Elongation Gage Lythtest2 2N
N 046% : Reduction of Areatest 2 65%
Mo 0.048% ! Yisldto tensila ratio test?  0.72 The Fefiewing i frue of the malaria! represaatedt by this MTR:
VooQ.000% : I BHN @ Sufacetast s 149BHN “Walartal 5 Ruly Kiled and s #lol Rubed Sige!
Choot%- - E “10{i% malied, ralfad, aisd masuiclurad it fha S
Sh o G.008% ENHOZA2064 3  complian! ‘Containg ma wald repair
Al .0.000% . "Contains ro Mercury conlamination
No04138% . . e “Manudacloed in apcordince wilh the falest version of he plan quelly manvet
Carbon Eq F1556  0.30% . . ‘Meais the Guy Amudta’ isqurements of 23 CFREZS 90, 49 CFR 66+
Cathor EqASIS  0.38% SUMMIT PRECAST CONCRETE “Wariing, This product cam expase you b chamfials which e
e PO 25108 ko Io iz Siale of Califorma lo cause sencer, Lith defects or olier
. : PART: 241156 TTt CON LOOP regrsdielive i, Far pore fnformafien go lovicse PESWatninge e gov
Te:f[:: ggz:g:g :::: : :;g;:: CONNECTION LOOPS “THE RECORDIIS OF FALSE FISITONS CR FRADULENT
Erongaﬁon fast{ 7% . STATEMENTS OR ENTRIES ON THIS GOCUMENT 4AY 8 PUNISHARLE
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Truck Driver User
user

Load Size Mix Code Returned
€.00 wyd N-N70130EMS

Material Design Qty Required Batched
1518 b 9472 Ib 560 |b
1"LS 1635 b 9967 Ib 9900 b
TYPE1/2 481 |b 2768 Ib 2755 b
FLYASH 197 |b 1182 I 1185 |
WAT 1 248 gl 86.5 gl 86.0 gl
PLASTIMENT 2.00 /C 78.96 oz 78.00 oz
VISO1000 10.00 /C 394.80 oz 396.00 oz
Actual Num Batches: 1
Load 24147 b Design W/C:  0.316  Water/Cement:
Slump 4.00 in Water in Truck 0.0 gl Adjust Water:
Actual W/C Ratio: 0.315 Actual Water: 148 gl Batched Cement:

TR No. 622421-01-1

Disp Ticket Num

Ticket ID
695326

Seq
W3

Actual

00 gl/yd

0 b

Date
5/16/25

03 gl

2025-11-05



Truck Driver User Disp Ticket Num Ticket ID Time Date
user 69737 12:32 5/20/25
Load Size WMix Code Returned gty Mix Age Seqg Load ID
6.00 wd N-N70130PMS W3 64
Material Design Qty Required Batched % Var% Moisture Actual Wat
1518 b 9472 Ib 380 |b -0.97% 4.00% M 43 gl
1"Ls 1635 Ib 9888 Ib 9820 b -0.69% 0.80% M 9 gl
TYPE1/2 481 b 2768 Ib 2755 b -0.40%
FLYASH 197 |b 1182 I 1185 | 0.25%
WAT 1 248 gl 96.0 gl 96.0 gl 0.02% 96.0 gl
PLASTIMENT 2.00 /C 78.96 oz 78.00 oz 0.05%
VISO1000 10.00 /C 394.80 oz 395.00 oz 0.05%
Actual Num Batches: 1 Manual 12:32:51
Load 23971 I Design W/C:  0.316  Water/Cement: 0316 T Design 149.0 gl Actual 14886 gl To Add 05 gl
Slump 4.00 in Water in Truck 0.0 gl Adjust Water: 00 gl fLoad  Trim Water 00 gl /yd Note: Manual feed occured
Actual W/C Ratio: 0.315 Actual Water: 148 gl Batched Cemeant: 3940 Ib Allowabls Water: 11b
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Truck Driver User Disp Ticket Num Ticket ID Time Date
user 69773 13:29 5/21/25
Load Size WMix Code Returned gty Mix Age Seqg Load ID
6.00 wd N-N70130FMS W3 29
Material Design Qty Required Batched % Var% Moisture Actual Wat
1343 |b 8380 Ib 8360 Ib -0.24% 4.00% M 38 ¢l
1"Ls 1728 b 10451 b 10360 b -0.87% 0.80% M 10 gl
TYPE1/2 481 b 2768 Ib 2760 Ib -0.22%
FLYASH 197 |b 1182 I 1190 lb 0.68%
WAT 1 24.9 gl 100.7 gl 100.0 gl -0.71% 100.0 gl
VISO1000 10.00 /C 394.80 oz 394.00 oz -0.20%
PLASTIMENT 2.00 1C 78.95 oz 79.00 oz Q.05%
Actual Num Batches: 1 Manual 13:28:51
Load 23534 Ib Design WIG: 0316 Water/Cement: 0315 T Design 149.3 gl Actual 1484 gl To Add 09 gl
Slump 4.00 in Water in Truck 0.0 gl Adjust Water: 00 gl fLoad  Trim Water 00 gl /yd
Actual W/C Ratio: 0.314 Actual Water: 148 gl Batched Cemeant: 3950 Ib Allowabls Water: 7 b
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Truck Driver User

user 69862

Load Size WMix Code Returned gty Mix Age
6.00 yd  N-N70130FMS3
Material Design Qty Required Batched % Var% Moisture Actual Wat

1343 |b 8380 Ib 8320 Ib -0.72% 4.00% M 38 ¢l
1"Ls 1728 b 10430 Ib 10340 b -0.86% 0.60% M 7 gl
TYPE1/2 481 b 2768 Ib 2770 |b 0.14%
FLYASH 197 |b 1182 I 1190 lb 0.68%
WAT 1 24.9 gl 103.1 gl 102.0 gl T -1.05% 102.0 gl
VISO1000 10.00 /C 394.80 oz 394.00 oz -0.20%
PLASTIMENT 2.00 1C 78.95 oz 79.00 oz Q.05%
Actual Num Batches: 1
Load 23501 b Design W/C: 0.316  Water/Cement: 0314 T Design 1492 gl
Slump 4.00 in Water in Truck 0.0 gl Adjust Water: 00 gl fLoad  Trim Water
Actual W/C Ratio: 0.311 Actual Water: 148 gl Batched Cemeant: 3980 Ib Allowabls Water:
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Disp Ticket Num

Ticket ID Time Date

13:29 5/22/25
Seq Load ID
W3 56

Manual  13:29:56
Actual 147.7 gl To Add 14 gl
00 gl /yd Note: Manual feed occured
15 b
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Truck Driver User Disp Ticket Num Ticket ID Time Dat
user 69975 9:17 5/2
Load Size WMix Code Returned gty Mix Age Seqg Load ID
6.00 wd N-N70130FMS W3 30
Material Design Qty Required Batched % Var% Moisture Actual Wat
1343 |b 8380 Ib 8420 Ib 0.47% 4.00% M 38 ¢l
1"Ls 1728 b 10658 b 10600 b -0.55% 2.80%M 35 gl
TYPE1/2 481 b 2768 Ib 2760 Ib -0.22%
FLYASH 197 |b 1182 I 1185 lb 0.25%
WAT 1 249 gl 757 gl 75.0 gl -0.99% 75.0 gl
VISO1000 10.00 /C 394.80 oz 385.00 oz 0.05%
PLASTIMENT 2.00 1C 78.95 oz 79.00 oz Q.05%
Actual Num Batches: 1 Manual  9:17:25
Load 23621 Ib Design W/C 0.316  Water/Cement: 0316 T Design 1492 gl Actual 1484 gl To Add
Slump 4.00 in Water in Truck 0.0 gl Adjust Water: 00 gl fLoad  Trim Water 00 gl /yd
Actual W/C Ratio: 0.314 Actual Water: 148 gl Batched Cemeant: 3945 Ib Allowabls Water: 51b
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7/25
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Truck Driver User Disp Ticket Num Ticket ID Time Date
user 70184 8:27 5/30/25
Load Size WMix Code Returned gty Mix Age Seqg Load ID
6.00 wyd N-N60130FMS W3 17
Material Design Qty Required Batched % Var% Moisture Actual Wat
1516 |b 9514 Ib 9480 |b 036%  4.00%M 50 gl
1"Ls 1728 b 10472 o 10400 b -0.68% 1.00% M 12 gl
WAT 1 230 gl 75.4 gl 750 gl -0.58% 750 gl
TYPE1/2 395 |b 2370 Ib 2370 |b 0.00%
FLYASH 169 |b 1014 b 1015 b 0.10%
VISO1000 10.00 /C 33840 oz 338.00 oz -0.12%
PLASTIMENT 2.00 1C B67.68 oz 87.00 oz -1.00%
Actual Num Batches: 1 Manual  8:27:.05
Load 23916 Ib Design W/C: 0340  Water/Cement: 0340 T Design 138.0 gl Actual 1373 g ToAdd 07 gl
Slump 4.00 in Water in Truck 0.0 gl Adjust Water: 00 gl fLoad  Trim Water 00 gl /yd Note: Manual feed occured
Actual W/C Ratio: 0.338 Actual Water: 137 gl Batched Cemeant: 3385 Ib Allowabls Water: 6 b
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Truck Driver User

Disp Ticket Num

Ticket ID Time Date

user 710523 9:08 6/16/25
Load Size Mix Code Returned Qty Mix Age Seqg Load ID
6.00 yd N-N70130FMS W3 26
Material Design Qty Required Batched % Var% Moisture Actual Wat
SAND 1471 b 9223 Ib 9300 Ib 0.83% 4.50% M 48 gl
1S 1667 |b 10102 Ib 10020 |b 0.81% 1.00% M 12 gl
TYPE142 481 |b 2766 Ib 2755 |b -0.40%
FLYASH 187 Ib 1182 In 175 Ib * o 0.59%
WAT 1 249 gl 89.6 gl 90.0 gl 0.47% 90.0 gl
PLASTIMENT 2.00 fC 78.98 oz 79.00 oz 0.05%
VISO1000 10.00 /C 394.80 oz 396.00 oz 0.30%
Actual Num Batches: 1 Manual 9:08:17
Load 24031 b Design WIG:  0.315  Water/Cement: 0315 A Design 149.2 gl Actual 149.9 gl To Add 00 gl
Slump 4.00 in Water in Truck 0.0 gl Adjust Water: 00 gl fLoad  Trim Water 00 gl/yd Note: Manual feed occured
Actual W/C Ratio: 0.315 Actual Water: 150 gl Batched Cement: 3975 Ik Allowahle Water: 21b
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APPENDIX C.

MASH TEST 3-21 (TEST 622421-01-1)

C.1.VEHICLE PROPERTIES AND INFORMATION

Date: 2025-06-25 TestNo:  622421-01-1 VINNo.  1C6RREGT7KSE90392
Year: 2019 Make: RAM Model: 1500

Tire Size: 265/7Q R 17 Tire Inflation Pressure: 35 psi
Tread Type: Highway Odometer: 224576

Note any damage to the vehicle prior to test:

® Denotes accelerometer location.

None

NOTES: None
Engine Type: V-8
Engine CID: 5.7 liter

Transmission Type:

/] Auto or [l

Optional Equipment:
None

Manual

[1 FvD [7] RWD [ 4wD

WHEEL
TRACK

1L

AN
[ TESTINERTIALC M

V)

<
B
Dummy Data: _”\g /’/)ﬁ 1{ K 3
Type: Les %oe
Mass: : - D
Seat Paosition: E
VoM WV M
FRON'T REAR
Geometry: inches e -
A 78.50 F 40.25 K 20.00 P 3.00 U 26.75
B 74.00 G 28.25 L 30.00 Q 30.50 \Y 30.25
[of 229.00 H 59.40 M 68.50 R 18.00 W 59.50
D 48.25 1 11.75 N 68.00 S 13.00 X 79.00
E 140.50 J 27.00 0 48.00 T 77.00
Wheel Center Wheel Well Bottom Frame
Height Front 14.75 Clearance (Front) 8.00 Height - Front 12.50
Wheel Center Wheel Well Bottom Frame
Height Rear 14.75 Clearance {Rear) 9.25 Height - Rear 22.50
RANGE LIMIT: A=78 t2 inches; C=237 +13inches; E=148 £12 inches; F=39 +3 inches; G == 28 inches; H =63 4 inches; 0=43 4 inches; (M+N)/2=67 1.5 inches
GVWR Ratings: Mass: b Curb Test Inertial Gross Static
Front 3700 Mrant 2995 2890
Back 3900 Mrear 2137 2116
Total 6700 Mrotal 5132 5006 5006
(Allowable Range for TIM and GSM = 5000 Ik +110 Ib)
Mass Distribution:
Ib LF: 1421 RF: 1469 LR: 1095 RR: 1021
Figure C.1. Vehicle Properties for Test 622421-01-1.
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Date: 2025-06-25  Test No.: 622421011 N No.- 1CBRREGT7KSE90392

Year: 2019 Make: RAM Model: 1500

VEHICLE CRUSH MEASUREMENT SHEET!
Complete When Applicable

End Damage Side Damage

Undetormed cnd width Bowing:B1 X1

Corner shifl: Al B2 X2 _
A2

Ind shifi al rame (CDC) Bowing constant
(check one) X1+ X2
< 4 inches f B

=4 inches

Note: Measure C; to Cg from Driver to Passenger Side in Front or Rear Impacts — Rear to Front in Side Impacts.
Dircct Damage

Specific 3 X
Impact Planc* of wide* | Mae** | Field | GGG GG =
Number C-Measuremenis (CDCY Crush 1 #*
1 AT FRONT BUMPER 19 15 32 - - - - - - -14
2 SAME 19 20 50 - - - - - - 87

Measurements recorded

‘mches or Dmm

'Table taken [rem National Accident Sampling System (NASS).

*[dentity 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., lree space).

Frece space value is defined as the distance between the bascline and the original body contour taken at the individual
C locations. This may include the tollowing: bumper lead, bumper taper, side protrusion, side taper, ctc.
Record the value for cach C-mcasurcment and maximum crush.

**Mecasurce and document on the vehicle diagram the beginning or end of the direct damage width and tield L {c.g.,
side damage with respect to undamaged axle).

##EMeasure and document on the vehiele diagram the location of the maximum crush.

Note: Use as many lines/columns as necessary to describe each damage profile.

Figure C.2. Exterior Crush Measurements for Test 622421-01-1.
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Date: 2025-0625  TestNo.- 622421-01-1 N No.- 1CBRREGTTKSE90392

Year: 2019 Make: RAM Model: 1500
OCCUPANT COMPARTMENT
\ DEFORMATION MEASUREMENT
' 17 Before  After Differ.
| (inches)

iy E E3 B A1 65.00 65.00 0.00

| \ A2 63.00 63.00 0.00

\ ) H A3 65.50 65.50 0.00
B1 45.00 4500 0.00

B2 38.00 38.00 0.00

B3 45.00 4500 0.00

] B4 39.50 39.50 0.00

T T | B5 43.00 43.00 0.00

- = 7 B6 30,50 39.50 0.00
— it I T C1 26.00 20.75 525
o c2 0.00 0.00 0.00
c3 26.00 26.00 0.00
D1 11.00 10.00 -1.00

D2 0.00 0.00 0.00

} D3 11.50 11.50 0.00

E‘ . - E1 58.50 5850 0.00
N | E2 63.50 63.75 0.25
= E3 63.50 63.50 0.00
| L | E4 63.50 6375 0.25
[fe— F 59.00 59.00 0.00

u u G 59.00 59.00 0.00

H 37.50 37.50 0.00

*Lateral area across the cab from driver's side [ 37.50 37.50 0.00

kickpanel to passenger's side kickpanel. J* 25 00 24 25 075

Figure C.3. Occupant Compartment Measurements for Test 622421-01-1.
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C.2. SEQUENTIAL PHOTOGRAPHS

(g) 0.6000 s (h) 0.7000 s
Figure C.4. Sequential Photographs for Test 622421-01-1 (Overhead View).
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(c) 0.2000 s (d) 0.3000 s

ayr

(g) 0.6000 s (h) 0.7000 s

Figure C.5. Sequential Photographs for Test 622421-01-1 (Downstream In-line
View).
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i

(g) 0.6000 s (h) 0.7000 s

Figure C.6. Sequential Photographs for Test 622421-01-1 (Upstream Field Side
Oblique View).
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C.3. VEHICLE ANGULAR DISPLACEMENTS
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06 L-10-1Z¥ZC9 'ON dL

S0-11-5¢0¢

Roll, Pitch and Yaw Angles
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Time (s)
— Roll — Pitch — Yaw
Axes are vehicle-fixed.
Sequence for determining
orientation:
1. Yaw.
2. Pitch.
3 Rall

Test Number: 622421-01-1

Test Standard Test Number: MASH Test 3-21

Test Article: Free-standing-to-anchored PCB transition system
Test Vehicle: 2019 RAM 1500

Inertial Mass: 5006 Ib

Gross Mass: 5006 Ib

Impact Speed: 63.0 mi/h

Impact Angle: 25.5°

Figure C.7. Vehicle Angular Displacements for Test 622421-01-1.
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C.4. VEHICLE ACCELERATIONS
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Figure C.8. Vehicle Longitudinal Accelerometer Trace for Test 622421-01-1
(Accelerometer Located at Center of Gravity).
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Figure C.9. Vehicle Lateral Accelerometer Trace for Test 622421-01-1
(Accelerometer Located at Center of Gravity).
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Figure C.10. Vehicle Vertical Accelerometer Trace for Test 622421-01-1
(Accelerometer Located at Center of Gravity).
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