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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.

THE TTI LAB WILL NOT BE LIABLE FOR ANY INDIRECT, CONSEQUENTIAL,
PUNITIVE, OR OTHER DAMAGES SUFFERED BY THE ROADSIDE SAFETY
POOLED FUND OR ANY OTHER PERSON OR ENTITY, WHETHER SUCH
LIABILITY IS BASED, OR CLAIMED TO BE BASED, UPON ANY NEGLIGENT ACT,
OMISSION, ERROR, CORRECTION OF ERROR, DELAY, OR BREACH OF AN
OBLIGATION BY THE TTI LAB.
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Chapter 1. INTRODUCTION

The purpose of the test reported herein was to assess the performance of a
Median Guardrail Transition to Median F-Shape Barrier according to the safety-
performance evaluation guidelines included in the American Association of State
Highway and Transportation Officials (AASHTO) Manual for Assessing Safety Hardware
(MASH), Second Edition (1). The crash test was performed in accordance with MASH
Test 3-21 (as discussed in Chapter 4).

1.1. OBJECTIVE

The purpose of this research was to evaluate and develop guidelines for a MASH
Test Level 3 (TL-3) compliant transition from strong post median guardrail to various
heights of precast/cast-in-place median F-Shape barrier. The analysis and evaluation
of these systems were conducted with finite element computer simulations and full-
scale crash testing.

1.2. BACKGROUND

Previous testing was conducted on a median guardrail transition to a median
single slope concrete barrier (2). Figure 1.1 shows the transition system. A total of
four full-scale crash tests were performed to evaluate the MASH compliance of the
system. The system was evaluated at three different transition locations. First, the
transition from the median single slope concrete barrier to the median guardrail with
guarter post spacing and w-beam rub rail was evaluated with MASH Test 3-21.
Second, the transition from the median guardrail with quarter post spacing and w-beam
rub rail to the median guardrail with half post spacing was evaluated with MASH Tests
3-20 and 3-21. Third, the transition from the median guardrail with half post spacing to
the standard length of need median guardrail was evaluated with MASH Test 3-20. The
transition system was found to be compliant for MASH TL-3.

Figure 1.1. MASH TL-3 Median Guardrail Transition to Median Single Slope
Barrier. (2)
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Chapter 2. TRANSITION DESIGN AND ANALYSIS®

2.1. INTRODUCTION

This chapter presents the details of the modeling and simulation effort related to
the development and evaluation of a median guardrail transition to a median f-shape
concrete barrier.

A design was developed for transitioning a median guardrail to a median f-shape
concrete barrier utilizing the transition design details from a previously tested single
slope version (2). The design consisted of the following key components:

e Median F-Shape concrete barrier — 14 ft total length

e Median guardrail with standard w-beam posts and blockouts spaced at 75
inches — 56 ft 3 inches total length

e Median guardrail with standard w-beam posts and blockouts spaced at 37.5
inches — 12ft 6inches total length

e Median guardrail with standard w-beam posts and blockouts spaced at 37.5
inches — 9ft 4.5inches total length

e W-beam rub rail with tapered blockouts — 10 ft 7 inches total length

The research team utilized finite element (FE) simulations to aid with the design
development and evaluate the system according to MASH TL-3. Specifically, two
design options for the rub rail attachment to the f-shape median concrete barrier were
evaluated. Also, different heights of the f-shape median concrete barrier were
evaluated.

Only MASH Test 3-21 was conducted to evaluate the performance of the
transition system. The design elements for the transition from standard length-of-need
median guardrail to median guardrail with half post spacing and design elements for the
transition from median guardrail with half post spacing to median guardrail with quarter
post spacing and a rub rail element were previously evaluated through full-scale crash
testing (2). Thus, it was only necessary to conduct MASH Test 3-21 at the transition
from the median guardrail with quarter post spacing and a rub rail element to the
median f-shape concrete barrier.

2.2. MODEL

A FE model of the median transition system was developed for evaluation before
conducting full-scale crash testing. The model included the concrete barrier, steel
posts, w-beam rail, rub rail, wood blockouts, and guardrail bolts. The concrete barrier
was modeled using rigid material representation. The guardrail posts and rails were
modeled using MAT_PIECEWISE_LINEAR_PLASTICITY. The wood blockouts were

* 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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modeled using MAT_ELASTIC. Figure 2.1 shows elevation and plan views of the
transition model.

HE T

(b) Plan View
Figure 2.1. FE Transition Model.

2.3. SIMULATIONS

All simulations were performed using the finite element method. LS-DYNA,
which is a commercially available general purpose FE software, was used for all the
analyses. A 5,000-Ib Dodge Ram pickup truck vehicle model was used for the
simulations. Figure 2.2 shows the vehicle.

Figure 2.2. FE Pickup Truck Vehicle Model.

The researchers performed impact simulations using MASH Test 3-21 impact
conditions. This involves the vehicle model impacting the transition system at an impact
speed and angle of 62 mi/h and 25 degrees. The vehicle impacted the transition 6.3 ft
upstream from the upstream end of the concrete parapet for all simulations. This
impact location was selected based on the previous testing of the single slope median
transition crash testing (2).

TR No. 618851-01-1 4 2024-01-11



2.3.1. Rub Rail Design

Two options were considered for connecting the w-beam rub rail to the median f-
shape concrete barrier. First, the rub rail attaches to the face of the f-shape barrier
using a w-beam terminal connector. Second, the rub rail attaches to the upstream end
of the f-shape barrier through an angle bracket. Figure 2.3 shows these two design
options.

(a) Attached to barrier face (b) Attached to barrier end
Figure 2.3. Rub Rail Design Options

Computer simulations were performed for both design options. Figure 2.4 and
Figure 2.5 show sequential images for the simulation runs. Table 2.1 shows the
occupant risk values for the simulation runs. The transition design with the rub rail
attached to the barrier face resulted in a rollover of the pickup truck vehicle. As a result,
this design was considered unsatisfactory for MASH evaluation criteria. The transition
design with the rub rail attached to the barrier end successfully redirected the pickup
truck vehicle during the simulation. The vehicle remained stable throughout the impact
event and all the occupant risk values were within the MASH limits. Thus, this transition
design was considered satisfactory for MASH evaluation criteria.

The transition design with the rub rail attached to the barrier end was selected as
the better design option based on the satisfactory MASH crashworthy performance.

TR No. 618851-01-1 5 2024-01-11



0.0s 0.0s

0.8s 0.8s

Figure 2.4. Sequential Images for MASH Test 3-21 Simulation — Rub Rail Attached
on Barrier Face.

0.8s 0.8s

Figure 2.5. Sequential Images for MASH Test 3-21 Simulation — Rub Rail Attached
on Barrier End.
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Table 2.1. Occupant Risk Values for Rub Rail Design Options.

Simulation w/ Rub Rail Simulation w/ Rub Rail
Attached to Barrier Face | Attached to Barrier End

OlV, Longitudinal (ft/s) 19.6 19.6

OlV, Lateral (ft/s) 28.0 27.5

RDA, Longitudinal (g) -4.9 -7.4

RDA, Lateral () -8.7 -9.1

Roll (deq) 89.7 39.1

Pitch (deq) -16.8 -10.2

Yaw (deg) 32.8 33.9

2.3.2. Barrier Height

Simulations were conducted to evaluate different f-shape median barrier heights.
The critical barrier height in terms of MASH crashworthy performance would be selected
for full-scale crash testing. Heights of 32 inches, 42 inches, and 50 inches were
considered for evaluation. A 1:2.4 taper was used for the 42-inch and 50-inch barriers
on the upstream end.

Figure 2.6 shows the sequential images for simulations with the three barrier
heights. Table 2.2 shows the occupant risk results for the simulations. All three barrier
heights resulted in the successful redirection of the pickup truck vehicle and a stable
vehicle throughout the impact event. The occupant risk values were below the MASH
limits for the three barrier heights.

The occupant risk values were similar between the three barrier heights. The 32-
inch median f-shape barrier resulted in the highest roll angle of 39 degrees. This barrier
height was determined to be most critical due to the roll angle and was selected for the
full-scale crash testing. If the crash testing is successful, then the other less critical
barrier heights would be considered satisfactory for MASH.
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0.8's 0.8s ~ 08s
(a) 32-inch (b) 42-inch (c) 50-inch
Figure 2.6. Sequential Images for Different F-Shape Median Barrier Heights.

Table 2.2. Occupant Risk Comparison for Different Barrier Heights.

Simulation w/ | Simulation Simulation
32-inch w/ 42-inch w/ 50-inch
Barrier Barrier Barrier
OlV, Longitudinal (ft/s) 19.6 19.3 19.4
OlV, Lateral (ft/s) 27.5 28.0 28.1
RDA, Longitudinal (g) -7.4 -8.1 -8.9
RDA, Lateral (g) -9.1 -8.5 -9.2
Roll (deq) 39.1 34.8 32.3
Pitch (deq) -10.2 -9.4 -10.1
Yaw (deg) 33.9 33.7 34.0

2.4. OTHER DESIGN CONSIDERATIONS

2.4.1. Rub Rail Connection

The design with the rub rail attachment to the barrier end indicated satisfactory
performance for the MASH Test 3-21 criteria. One concern with this design was the w-
beam rail extends beyond the f-shape concrete barrier face in the reverse direction
(Figure 2.7). This presents a snagging hazard for vehicles impacting in the direction
from concrete barrier to guardrail. While there is no MASH test for a reverse-direction
impact on a transition system, it is worthwhile to consider from a design perspective.
This is especially true as this system is intended to be used in median applications. To
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counteract this snagging potential, a design modification was made by adding a w-beam
terminal connector component on the end of the rub rail. Figure 2.8 shows the modified
transition design with the w-beam terminal connector.

Figure 2.7. Rub Rail Transition Design (Upstream View).

Figure 2.8. Rub Rail Transition Desing with W-Beam Terminal Connector.

2.4.2. Barrier Configuration

There are different barrier applications that can be utilized with this transition
design. State DOTs may use precast barrier segments or cast-in-place barrier
segments. Barrier segments may have concrete pavement or asphalt embedment.
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Also, they may be doweled into a foundation. There can be variance for each of these
configurations (e.g., different asphalt embedment depth).

The final transition design consisted of dowel bars embedded into a concrete
foundation. This represented a worst-case rigid configuration for the transition design.
This was considered worst-case as it allows for possibly higher occupant risk values
and vehicle deformation.

2.5. SUMMARY

Finite element simulations were performed to analyze the performance of a
median guardrail transition to a median f-shape concrete barrier design. Various design
options and configurations were considered and evaluated. The transition designs were
evaluated according to MASH Test 3-21.

The transition design with a rub rail attached to the barrier end indicated
satisfactory performance for the MASH evaluation criteria. A 32-inch median f-shape
barrier height was also found to be satisfactory and was determined to be the most
critical barrier height due to having the highest roll angle.

The final transition design was considered for full-scale crash testing in the
subsequent chapters.
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Chapter 3. SYSTEM DETAILS

3.1. TEST ARTICLE AND INSTALLATION DETAILS

The installation consisted of a median W-beam guardrail system which
transitioned to a median F-shape cast in place concrete barrier. The W6x8.5 posts were
spaced at 75 inches for the 43 feet 9-inch section of length of need, followed by four
spaces of 37-1/2 inches and six spaces of 18-3/4 inches, which then attached to the
concrete barrier. This last section of guardrail also had a W-beam rub rail with a
blockout on either side just below the W-beam guardrail. The upstream end of the
installation was terminated with a median terminal. The total length of the installation
was 95 feet 10 inches.

Figure 3.1 presents the overall information on the Median Guardrail Transition to
Median F-Shape Batrrier, and Figure 3.2 thru Figure 3.7 provide photographs of the
installation. Appendix A provides further details on the Median Guardrail Transition to
Median F-Shape Barrier. Drawings were provided by the Texas A&M Transportation
Institute (TTI) Proving Ground, and construction was performed by DMA Contractors
and TTI Proving Ground personnel.

3.2. DESIGN MODIFICATIONS DURING TESTS

No modifications were made to the installation during the testing phase.
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Figure 3.1. Details of Median Guardrail Transition to Median F-Shape Barrier.



Figure 3.2. Median Guardrail Transition to Median F-Shape Barrier prior to
Testing.

Figure 3.3. Median Guardrail Transition to Median F-Shape Barrier at Impact prior
to Testing.
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Figure 3.4. Close-up View of the Median Guardrail Transition to Median F-Shape
Barrier at Impact prior to Testing.

Figure 3.5. Median Guardrail Transition to Median F-Shape Barrier Upstream Rub
Rail Termination prior to Testing.
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Figure 3.6. Downstream View of the Median Guardrail Transition to Median F-
Shape Barrier prior to Testing.

Figure 3.7. In-line View of the Median Guardrail Transition to Median F-Shape
Barrier prior to Testing.
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3.3. MATERIAL SPECIFICATIONS

Appendix B provides material certification documents for the materials used to
install/construct the Median Guardrail Transition to Median F-Shape Barrier. Table 3.1
shows the average compressive strengths of the concrete on the day of the test, 2023-
10-16.

Table 3.1. Concrete Strength.

Design Avg. Age
Location an Strength 9 Detailed Location
Strength (psi) (psi) (days)
Deck 3600 4365 49 100% of the deck
Barrier 3600 3990 25 100% of the barrier

3.4. SOIL CONDITIONS

The test installation was installed in standard soil meeting Type D Grade 1 of
AASHTO standard specification M147-17 “Materials for Aggregate and Soil Aggregate
Subbase, Base, and Surface Courses.”

In accordance with Appendix B of MASH, soil strength was measured the day of
the crash test. During installation of the Median Guardrail Transition to Median F-Shape
Barrier for full-scale crash testing, two 6-ft long W6x16 posts were installed in the
immediate vicinity of the Median Guardrail Transition to Median F-Shape Barrier using
the same fill materials and installation procedures used in the test installation and the
standard dynamic test.

On the day of Test 3-21, 2023-10-16, loads on the post at deflections were as
shown in Table 3.2. The backfill material in which the Median Guardrail Transition to
Median F-Shape Barrier was installed met minimum MASH requirements for soil
strength.

Table 3.2. Soil Strength for Test 618851-01-1.

Displacement (in) Minimum Load (Ib) Actual Load (Ib)
5 4420 7818
10 4981 9000
15 5282 9600
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Chapter 4. TEST REQUIREMENTS AND EVALUATION CRITERIA

4.1. CRASH TEST PERFORMED/MATRIX

Table 4.1 shows the test conditions and evaluation criteria for MASH TL-3 for
Longitudinal Barrier Transitions. The target critical impact point (CIP) for the test was
determined using the information provided in MASH Section 2.2.1 and Section 2.3.2
and using computer simulations. Figure 4.1 shows the target CIP for MASH Test 3-21
on the Median Guardrail Transition to Median F-Shape Barrier.

Table 4.1. Test Conditions and Evaluation Criteria Specified for MASH TL-3
Longitudinal Barrier Transition.

Test . Impact | Impact . o
Designation Test Vehicle Speed | Angle Evaluation Criteria
3-21 2270P 62 mi/h 259 A D, F, H,I

- 75-5/8" [6.3ft]

25° )
(P
Figure 4.1. Target CIP for MASH Test 3-21 on Median Guardrail Transition to
Median F-Shape Barrier.

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

4.2. 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 4.1 lists the test conditions and
evaluation criteria required for MASH TL-3, and Table 4.2 provides detailed information
on the evaluation criteria.
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Table 4.2. Evaluation Criteria Required for MASH Testing.

Evaluation 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 5. TEST CONDITIONS

5.1. 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/runway. The apron/runway consists of an
unreinforced jointed-concrete pavement in 12.5-ft x 15-ft blocks nominally 6 inches
deep. The aprons were built in 1942, and the joints have some displacement but are
otherwise flat and level.

5.2.  VEHICLE TOW AND GUIDANCE SYSTEM

For the testing utilizing the 2270P vehicle, each 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 ran unrestrained. The vehicle remained freewheeling (i.e., no steering
or braking inputs) until it cleared the immediate area of the test site.

5.3. DATA ACQUISITION SYSTEMS

5.3.1. 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,
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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 latest
SAE J211, Instrumentation for Impact Test. Each of the 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 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
ENDEVCO® 2901 precision primary vibration standard. This standard and its support
instruments are checked annually and receive a National Institute of Standards
Technology (NIST) traceable calibration. The rate transducers used in the data
acquisition system receive calibration via a Genisco Rate-of-Turn table. The
subsystems of each data channel are also evaluated annually, using instruments with
current NIST traceability, and the results are factored into the accuracy of the total data
channel per SAE J211. Calibrations and evaluations are also made anytime data are
suspect. Acceleration data are measured with an expanded uncertainty of
+1.7 percent at a confidence factor of 95 percent (k = 2).

TRAP uses the DAS-captured data to compute the occupant/compartment
impact velocities, time of occupant/compartment impact 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. Rate of rotation data
is measured with an expanded uncertainty of £0.7 percent at a confidence factor of
95 percent (k = 2).

5.3.2. Anthropomorphic Dummy Instrumentation

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

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

e 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 traffic
side.

A flashbulb on the impacting vehicle was activated by a pressure-sensitive tape
switch to indicate the instant of contact with the Median Guardrail Transition to Median
F-Shape Barrier. 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 the test vehicle and the installation
before and after the test.

" Unfortunately, there was a recording issue during the test, which led to the high-
speed video for the oblique upstream angle camera being unrecoverable.
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Chapter 6. MASH TEST 3-21 (CRASH TEST 618851-01-1)

6.1. TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS

See Table 6.1 for details of MASH impact conditions for this test and Table 6.2
for the exit parameters. Figure 6.1 and Figure 6.2 depict the target impact setup.

Table 6.1. Impact Conditions for MASH TEST 3-21, Crash Test 618851-01-1.

Test Parameter Specification Tolerance Measured
Impact Speed (mi/h) 62 +2.5 mi/h 61.3
Impact Angle (deg) 25 +1.5° 25.3
Impact Severity (kip-ft) 106 2106 kip-ft 1154

74.5 inches upstream
from the upstream
end of the concrete
barrier

75.6 inches upstream
Impact Location from the upstream end | £12 inches
of the concrete barrier

Table 6.2. Exit Parameters for MASH TEST 3-21, Crash Test 618851-01-1.

Exit Parameter Measured
Speed (mi/h) 46.3
Trajectory (deg) 2.5
Heading (deg) 6.6

Brakes applied post impact (s) | 2.0

163 ft downstream of impact point

Vehicle at rest position 12 ft to the field side
Vehicle positioned 110° left relative to the installation
Comments: Vehicle remained upright and stable
Vehicle crossed the exit box 2 81 ft downstream from loss of
contact.

The vehicle snagged on the W-beam at post 18 and tore a
portion of the rail.

@ Not less than 32.8 ft downstream from loss of contact for cars and pickups is optimal.
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Figure 6.1. Median Guardrail Transition to Median F-Shape Barrier/Test Vehicle
Geometrics for Test 618851-01-1.

-

Figure 6.2. Median Guardrail Transition to Median F-Shape Barrier/Test Vehicle
Impact Location for Test 618851-01-1.
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6.2. WEATHER CONDITIONS
Table 6.3 provides the weather conditions for test 618851-01-1.

Table 6.3. Weather Conditions for Test 618851-01-1.

Date of Test 2023-10-16
wind Speed (mi/h) 11

Wind Direction (deg) 360
Temperature (°F) 62

Relative Humidity (%) 55

Vehicle Traveling (deg) 325

6.3. TEST VEHICLE

Figure 6.3 and Figure 6.4 show the 2018 RAM 1500 used for the crash test.
Table 6.4 shows the vehicle measurements. Figure C.1 in Appendix C.1 gives additional
dimensions and information on the vehicle.

Figure 6.3. Impact Side of Test Vehicle before Test 618851-01-1.
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Figure 6.4. Opposite Impact Side of Test Vehicle before Test 618851-01-1.

Table 6.4. Vehicle Measurements for Test 618851-01-1.

Test Parameter Specification | Tolerance | Measured
Dummy (if applicable)? (Ib) 165 N/A N/A
Inertial Weight (Ib) 5000 +110 5032
Gross Static? (Ib) 5000 +110 5032
Wheelbase (inches) 148 +12 140.5
Front Overhang (inches) 39 +3 40
Overall Length (inches) 237 +13 227.5
Overall Width (inches) 78 12 78.5
Hood Height (inches) 43 4 46
Track Width® (inches) 67 +1.5 68.3
CG aft of Front Axle® (inches) 63 4 61.2
CG above Ground® (inches) 28 28 28.6

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

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

b Average of front and rear axles.

¢ For test inertial mass.

d 2270P vehicle must meet minimum CG height requirement.
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6.4. TEST DESCRIPTION

Table 6.5 lists events that occurred during Test 618851-01-1. Figures C.4, and
C.5in Appendix C.2 present sequential photographs during the test.

Table 6.5. Events during Test 618851-01-1.

Time (s) Events
0.0000 Vehicle impacted the installation
0.0180 Posts 17 and 18 began to lean toward field side
0.0250 Posts 19 and 20 began to lean toward field side
0.0430 Vehicle began to redirect
0.0610 Vehicle front drivers side bumper made contact with concrete barrier
0.2640 Vehicle was parallel with installation
0.2770 Vehicle rear drivers side bumper made contact with rail
Vehicle exited the installation at 46.3 mi/h with a heading of 6.6 degrees and a
03510 trajectory of 2.5 degrees

6.5. DAMAGE TO TEST INSTALLATION

The W-beam and rub rail were deformed and scuffed at impact. The vehicle
snagged on the W-beam and tore 40% of the front rail from the bottom and 25% of the
back rail from the bottom at post 18. The soil fell back in the hole around posts 18-20,
making soil gap measurements impossible at these posts. The traffic side blockout at
post 20 broke in half. Table 6.6 describes the soil gap and post lean of the Median
Guardrail Transition to Median F-Shape Barrier . Table 6.7 describes the deflection and
working width of the Median Guardrail Transition to Median F-Shape Barrier. Figure 6.5
and Figure 6.6 show the damage to the Median Guardrail Transition to Median F-Shape
Barrier.

Table 6.6. Soil Gap and Post Lean of the Median Guardrail Transition to Median F-
Shape Barrier for Test 618851-01-1.

Post Traffic _Side Soil Gap Post Lean_ to Field Side from
(inches) Vertical (degrees)
13 0.1 0.0
14 0.5 0.9
15 0.8 2.3
16 0.8 2.5
17 1.3 3.1
18 Not measurable 4.3
19 Not measurable 3.9
20 Not measurable 2.7
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Table 6.7. Deflection and Working Width of the Median Guardrail Transition to
Median F-Shape Barrier for Test 618851-01-1.

Test Parameter Measured
Permanent Deflection/Location i98 inches toward field side, at the midspan of posts 18 and
Dynamic Deflection 8.4 inches toward field side at the rail at post 18

38.3 inches, at a height of 30.0 inches at the field side of

. o .
Working Width 2 and Height the rail at post 18

@ 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 field side edge of the barrier.

8 y e i s - : ;
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Figure 6.5. Median Guardrail Transition to Median F-Shape Barrier at Impact
Location after Test 618851-01-1.
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Figure 6.6. Vehicle Snag at Post 18 on the Median Guardrail Transition to Median
F-Shape Barrier after Test 618851-01-1.

6.6. DAMAGE TO TEST VEHICLE

Figure 6.7 and Figure 6.8 show the damage sustained by the vehicle. Figure 6.9
and Figure 6.10 show the interior of the test vehicle. Table 6.8 and Table 6.9 provide
details on the occupant compartment deformation and exterior vehicle damage. Figures
C.2 and C.3 in Appendix C.1 provide exterior crush and occupant compartment
measurements.
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Figure 6.7. Impact Side of Test Vehicle after Test 618851-01-1.

Figure 6.8. Front Impact Side of Test Vehicle after Test 618851-01-1.
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Figure 6.10. Seam Separation on Impact Side after Test 618851-01-1.
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Table 6.8. Occupant Compartment Deformation 618851-01-1.

Test Parameter Specification (inches) Measured (inches)
Roof <4.0 0.8

Windshield <3.0 0.0

A and B Pillars <5.0 overall/<3.0 lateral 1.0

Foot Well/Toe Pan <9.0 11.5

Floor Pan/Transmission Tunnel <12.0 3.0

Side Front Panel <12.0 6.5

Front Door (above Seat) <9.0 0.0

Front Door (below Seat) <12.0 0.0

Table 6.9. Exterior Vehicle Damage 618851-01-1.

Side Windows The side windows remained intact

Maximum Exterior 19 inches in the front plane at the left front corner at bumper
Deformation height

VDS 11LFQ5

CDC 11FLEWS3

Fuel Tank Damage None

Description of Damage to
Vehicle:

The left front bumper, fender, and door were dented. There
were cracks in the windshield due to the flexing of the vehicle
and not due to penetration by the test article. The grill,
radiator, and support were damaged. The left headlight broke
off. The left front tire blew out and the wheel broke. The left
control arm was ripped off, the spring popped out, and the
shock was bent on the left side. The A pillar was bent and the
left front door had a 9.5-inch gap at the top. There was a
buckle in the roof measuring 9 inches long, 7 inches wide, and
0.8 inches deep. The left rear cab corner, rear quarter fender,
and rear bumper were dented. The left side foot well had
some separating at the seam. The maximum deformation was
11.5 inches at the foot well/toe pan.
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6.7. OCCUPANT RISK FACTORS

Data from the accelerometers were digitized for evaluation of occupant risk, and
the results are shown in Table 6.10. Figure C.6 in Appendix C.3 shows the vehicle
angular displacements, and Figures C.7 through C.9 in Appendix C.4 show acceleration
versus time traces.

Table 6.10. Occupant Risk Factors for Test 618851-01-1.

Test Parameter Specification 2 | Measured | Time

OlV, Longitudinal (ft/s) <40.0 25.2 0.1030 seconds on left side of
30.0 interior

OlV, Lateral (ft/s) <40.0 23.3 0.1030 seconds on left side of
30.0 interior

Ridedown, Longitudinal <20.49 8.3 0.1030 - 0.1130 seconds

(9) 15.0

Ridedown, Lateral (g) <20.49 8.3 0.1030 - 0.1130 seconds
15.0

Theoretical Head Impact N/A 10.2 0.1005 seconds on left side of

Velocity (THIV) (m/s) interior

Acceleration Severity N/A 1.7 0.0529 - 0.1029 seconds

Index (ASI)

50-ms Moving Avg.

Accelerations (MA) N/A -12.5 0.0449 - 0.0949 seconds

Longitudinal (g)

50-ms MA Lateral (g) N/A 11.2 0.0291 - 0.0791 seconds

50-ms MA Vertical (g) N/A -3.6 0.0937 - 0.1437 seconds

Roll (deg) <75 20.4 0.4849 seconds

Pitch (deg) <75 13 0.5014 seconds

Yaw (deg) N/A 48.8 0.9650 seconds

& Values in italics are the preferred MASH values

6.8. TEST SUMMARY
Figure 6.11 summarizes the results of MASH Test 618851-01-1.
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MASH 2016, Test 3-21
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25/6.6

TTI Project No. 618851-01-1

JExit Box Criteria

Vehicle crossed the exit box 81 ft
downstream from loss of contact.

2023-10-16

TEST ARTICLE
Longitudinal Barrier Transition

Test Date

Type

Stopping Distance

TEST ARTICLE DEFLECTIONS \

Dynamic (inches)

163 ft downstream

12 ft to the field side

8.4

IName Median Guardrail Transition to Median F-Shape Barrier

IPermanent (inches)

2.8

ILength 95 ft-10 inches

Concrete barrier, W-beam guardrail, Wide flange guardrail

Key Materials post, Transition post, Timber Blockout

AASHTO M147-65(2004
TEST VEHICLE

Soil Type and Condition

grade B crushed concrete, damp JVDS

\Working Width / Height (inches

VEHICLE DAMAGE

38.3/30.0

11LFQ5

CDC

11FLEW3

Type/Designation 2270P Max. Ext. Deformation (inches) 19

Year, Make and Model 2018 RAM 1500 partment Deformation 11.5 inches in the foot well/toe

|Inertial Weight (Ib) 5032 SK VALUES

IDummy (Ib) N/A ] Max 50-ms Long. (g) -12.5

Gross Static (Ib 5032 Lat. OIV (ft/s) 23.3 Max 50-ms Lat. (g) 11.2
IMPACT CONDITIONS Long. Ridedown (g) 8.3 Max 50-ms Vert. (g) -3.6
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Figure 6.11. Summary of Results for MASH Test 3-21 on Median Guardrail Transition to Median F-Shape Barrier.



Chapter 7. SUMMARY

The crash test reported herein was performed in accordance with MASH Test 3-
21 on the Median Guardrail Transition to Median F-Shape Barrier.

Table 7.1 shows that the Median Guardrail Transition to Median F-Shape Batrrier

did not meet the performance criteria for MASH TL-3.

Table 7.1. Assessment Summary for MASH Test 3-21 on Median Guardrail
Transition to Median F-Shape Barrier.

Evaluation Descriotion Test
Criteria P 618851-01-1
A Contain, Redirect, S
or Controlled Stop
No Penetration into
D Occupant Fail
Compartment
F Roll and Pitch Limit S
H OIlV Threshold S
| Ridedown s
Threshold
Overall Evaluation Fail
Note: S = Satisfactory;
1See Table 4.2 for details
TR No. 618851-01-1 35
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Chapter 8. CONCLUSIONS®

A design was developed and evaluated for a median guardrail transition to a
median f-shape concrete barrier. The design was evaluated through computer
simulations to determine design features and select the critical worst-case configuration.

The median guardrail to median f-shape concrete barrier transition system was
evaluated through full-scale crash testing. MASH Test 3-21 was conducted on the
system. The crash test was considered a failure due to the vehicle occupant
compartment deformation exceeding the MASH limit. The vehicle had a deformation of
11.5 inches in the foot well/toe pan region, which exceeds the MASH limit of 9 inches.
Thus, the transition system was considered unsatisfactory for MASH TL-3 evaluation
criteria.

Additional research is needed to develop a MASH crashworthy design for a
median guardrail transition to a median f-shape concrete barrier.

* 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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APPENDIX A. DETAILS OF MEDIAN GUARDRAIL TRANSITION TO
MEDIAN F-SHAPE BARRIER
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Post, Tube
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Elevation Views

1a. Timber posts are treated with a preservative in accordance
with AASHTO M 133 after all cutting and drilling.
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Scale 1:10
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Sheet 1 of 1
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Soil Plate
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Foundation Tube Soil Plate
Scale 1:5

xPIate, 18" x 1/4" x 24"

Roadside Safety and
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Sheet 1 of 1
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Timber Blockout for 6x8 Wood Post
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W-beam Blockout, for Wood Post 2020-02-24
Drawn by GES Scale 1:3 Sheet 1 of 1

1a. Timber blockouts are treated with a preservative in
accordance with AASHTO M 133 after all cutting and drilling.

S:\Accreditation-17025-2017\Drafting Department\Solidworks\Standard Parts\Guardrail Parts and Subs\Guardrail Drawings\Timber Blockout for 6x8 Wood Post



T-TO-TG88T9 ON d1

99

TT-TO-¥20¢

W-beam Median End Section
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W-beam End Section (Buffer) 2020-02-24
Drawn by GES Scale 1:10 Sheet 1 of 1
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RS Emer A
Dynamic Test Setup A
Post-Test
Photo of post

™

e ”

Stat|c’
Load Test

Photo

WEX 16 TFEL F'Ov
Pﬁ -‘-:—-m'

f” OF IMPACT Ll
ﬁ s

Dynamic Test

24—INCH DIAMETER g
GRANULAR FILL

i) ——

i3/ DIRECTION

OF IMPAC

Installation Details

Dynamic Post Load

Reuired Dynamic

—— Staic Pul

1 2 3 4 5 6 € 9 10 11 12 13 14 15

Comparison of Load vs. Displacement

W6X16
( t_x_ STEEL
WINCH OR . POST 35”7
HYDRAULIC 25
CYLINDER e
=t
24 INCH [ =7¢] e 72"
DIAMETER PR o
GRANULAR\'\AA e § .
FILL o | 40" | 43

Static Load Test Installation Details

Date

2020-02-02

Test Facility and Site Location

TTI Proving Ground,
3100 SH 47, Bryan, TX
77807

In Situ Soil Description (ASTM D2487)

Sandy gravel with silty
fines

Fill Material Description (ASTM D2487) and

sieve analysis

Type D Grade 1
Crushed Concrete Road
Base

Description of Fill Placement Procedure

12-inch lifts tamped with
a pneumatic compactor
for 20 sec

Bogie Weight

2020 Ib

Impact Velocity

19.2 mph

TR No. 618851-01-1
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/“‘ Texas AEM Doc. No. Revision
Transportation _ : Date:
A Institlil)t% LF-SST1 Soil Strength LF-SST1
R e e o, | Performance Test Record 2018-08-30
Bryan, TX 77807 Phone 978-845-6375 _ - —

Laboratory Form | {0050 1 Ve

Soil Strength Performance Test
MASH, Appendix B

Project Number: 618851-01-1
Date of Crash Test: 2023-10-16
Post No. 1 of 2 Fill Moisture: %  Native Moisture: %
Temperature: 50 ° F Humidity: 86%
File Name:
Displacement (in.) *Pull Force (Lbf) Minimum Force (Lbf) Pass / Fail

5 7818 3940 P

10 9000 5500 P

15 9600 6540 P

*Do not exceed 10,000 Ibf

Test Post | 42 ft South [ North  of terminal post
Location: ft O East [O West of terminal post
Performed by: Ed & Matt Date: 2023-10-16
71 2024-01-11
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HEAT NO.:3121534

SECTION: REBAR 19MM (#6) 20'0" 420/60

GRADE: ASTM A615-22
ROLL DATE: 04/03/2023
| MELT DATE: 03/27/2023

Cert. No.: 85386233 / 121534A619

Characteristic  Value

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

o}
Gr 420/60

0

13

- (61885

CERTIFIED MILL TEST REPORT
For additional copies call
800-227-6489

We hereby certify that the test results presented here
are accurate and conform to the reported grade specification

=S

- Rolando A Davila

—

Quality Assurance Manager

S _ CMC Construction Svcs College Stati S ﬁ CMC Construction Svcs College Stati 1_‘ Delivery#: 8

=z

L | 10650 State Hwy 30 [ | 10650 State Hwy 30
D | College Station TX
US 77845-7950

T | 979 774 5800

| P | College Station TX
Us 77845-7950

T | 979 774 5900

o

5386233

| BOL#: 75303443
| cusT Po#: 946841

CUST P/N:

DLVRY LBS / HEAT: 10815.000 LB

DLVRY PCS / HEAT: 360 EA

e !

Characteristic Value

Bend Test Diameter  3.750IN

Characteristic Value

————

*Mazerial is fully killeo and i3 Ho

04 3.1 comptiant

*Conteins ng weld repair

The Following is true of the material represanted by this MTR:

Yield Strength test 1
[ Tensile Strength test 1

C 0.44%
Mn 0.88%
P 0.009%
S  0.036%
Si  0.17%
Cu  0.34%
Cr  0.08%
Ni  0.17%
Mo 0.062%
vV 0.000%
Ch 0.001%
Sn 0.013%
Al 0.001%
67.4ksi
107 .6ksi

Elongation test 1 16%
Elongation Gage Lgth test 1 8IN
Tansile to Yield ratio test1 1.60

Bend Test 1

NARKS

Passed

*Conra Mercury contamina

“Manufae

of the plant

known to the State of Calitor

0rother seproduciive harm. For imore

10 www. PEE INGS.C8. GGy

t version

*Warning: This product can expose you ta chemicals which are

car, birth defects

Page 1 OF 1 04/

14:2023 09:41:21

72 2024-01-11
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CMC STEEL TEXAS
1 STEEL MILL DRIVE

SEGUIN TX 78155-7510

CERTIFIED MILL TEST REPORT

We hereby certify that the test results presented here
are accurate and conform to the reported grade specification

For additional copies call

830-372-8771

e

me%w of%hm\.m

Rolando A Davila

Quality Assurance Manager

HEAT NO.:3109273

SECTION: REBAR 16MM (#5) 20'0" 420/60
GRADE: ASTM A615-20 Gr 420/60

ROLL DATE: 10/02/2021

MELT DATE: 09/28/2021

Cert. No.: 83626709 / 109273A371

orow

o =

CMC Construction Svcs College Stati

10650 State Hwy 30
College Station TX
US 77845-7950
979 774 5900

CMC Construction Svcs College Stati

10650 State Hwy 30
College Station TX
US 77845-7950
979 774 5900

Delivery#: 83626709

BOL#: 74427251

CUST PO#: 898366

CUST P/N:

DLVRY LBS / HEAT: 48072.000 LB
DLVRY PCS / HEAT: 2304 EA

Characteristic  Value

Characteristic Value

Characteristic Value

C 0.45%
Mn 0.88%
P 0.012%
S 0.049%
Si 0.16%
Cu 0.33%
Cr 0.15%
Ni 0.16%
Mo 0.063%
V  0.000%
Cb 0.001%
Sn  0.012%
Al 0.000%

Yield Strength test 1 67.5ksi
Tensile Strength test 1 107.9ksi
Elongation test 1 14%
Elongation Gage Lgth test 1 8IN
Tensile to Yield ratio test1 1.60
Bend Test 1 Passed

Bend Test Diameter  2.188IN

The Following is true of the material represented by this MTR:
*Material is fully killed
*100% melted and rolled in the USA
*EN10204:2004 3.1 compliant
*Contains no weld repair
*Contains no Mercury contamination
*Manufactured in accordance with the latest version

of the plant quality manual

*Warning: This product can expose you to chemicals which are
known to the State of California to cause cancer, birth defects

or other reproductive harm. For more information go

to www.P65Warnings.ca.gov

*Meets the "Buy America” requirements of 23 CFR635.410, 49 CFR 661

REMARKS :

Page 1 OF 1 10/16/2021 15:16:46
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1 We hereby certify that the test results presented here
7N CMC STEEL TEXAS CERTIFIED MILL TEST REPORT are accurate and conform to the reported grade specification

1 STEEL MILL DRIVE For additional copies call

/
SEGUIN TX 78155-7510 830-372-8771 B >\OQ
\sw CRA =

o Rolando A Davila

Quality Assurance Manager

HEAT NO.:3111165 S | CMC Construction Svcs College Stati S | CMC Construction Svcs College Stati Delivery#: 83693955
SECTION: REBAR 13MM (#4) 20'0" 420/60 | O H BOL#: 74533988
GRADE: ASTM A615-20 Gr420/60 L | 10650 State Hwy 30 I [10650 State Hwy 30 CUST PO#: 904440
ROLL DATE: 12/12/2021 D | College Station TX P | College Station TX CUST P/N:
MELT DATE: 12/07/2021 US 77845-7950 US 77845-7950 DLVRY LBS / HEAT: 2191.000 LB
Cert. No.: 83693955 / 111165A130 T | 979 774 5900 T | 979 774 5900 DLVRY PCS / HEAT: 164 EA
o (o]
Characteristic ~ Value Characteristic Value Characteristic Value
C 0.46% Bend Test Diameter  1.750IN
Mn 0.91%
P 0.010%
S 0.055%
Si  0.19%
Cu 0.27%
Cr 0.09%
Ni  0.14%
Mo 0.041% The Following is true of the material represented by this MTR:
V  0.000% *Material is fully killed
Cb 0.000% *100% melted and rolled in the USA
Sn 0.009% *EN10204:2004 3.1 compliant
Al 0.002% *Contains no weld repair
*Contains no Mercury contamination
Yield Strength test 1 70.1ksi *Manufactured in accordance with the latest version
Tensile Strength test 1 107.8ksi of the plant quality manual
Elongation test 1 13% *Meets the "Buy America" requirements of 23 CFR635.410, 49 CFR 661
Elongation Gage Lgth test 1 8IN *Warning: This product can expose you to chemicals which are
Tensile to Yield ratio test1 1.54 known to the State of California to cause cancer, birth defects
Bend Test 1 Passed or other reproductive harm. For more information go
to www.P65Warnings.ca.gov

REMARKS :

Page 1 OF 1 12/21/2021 04:25:40
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P42AF0NE 3  Lead - 2262028 BL - 2756550 '
] M3 Fabricators, Ing Heat ~ USODSE
S rast PO - Order-t ine - 12316149/ 3

e s T
i Sl ] e

3525 Richard Arringfon. Jr., Blvd N.

Hirmingham, AL 33234

éégg Phone (205) 281-1884
TEH Lab Tax (205) 421-4561
LabimSoutltand Tube.com

TEST REPOUT

fustomer Mamne:  KLOBECKNER MEVALS CORPORATION
Customer PO Moy 6219373

Speef/Grade:  ASTM AS00-10a Grade B/C Hewt Mo HONSE
Deseription:  CARBON STEEL TUBING Print Date: 4322015
Sigeengths 3.5 Sch40 2V Wall Vhickness: ).
Carbon (C): a.2300 L Tin (Sny 60080 | Vanadium (V) 0H.0620
Manganese (Mn):  8.83500 '. Nickel (Niy: 00100 ' Colmakium (Chy 0.0070
Phogphorus (P): 80610 lx Chromium (Cr): 6.6400 Titanivm (Ti): 04618
Sulphur (8): B.01{0 Malybdenum (Mo): 0.0690 , Rorvon (B (3.6803

) Silicon (i) 166 ‘ Alumiinum (Aly ®.0230 % Cadoium (Ca): 1.G000

: Copper (Co) 40304 , Nitrogen (N} ¢.0070 ! [Carbon Equiv. (CE): €).386:2]

Flangation
mbe: Ay

FihRAES

5.1147660 21202815 74,706 63,700

We herehy certily thal the above figures are correct as contained in the records of this company. Tosting,
where it is performed, is performed according to applicable standards { Yisid Strength deteruined using
0.2% offset method and Elongation s measured over 5 2" gauge fenpth), Fivished goods that require

i destruetive lesting by either Duttening or Maring to meet the requirements of the standand to which they are
cerified have beon destruciively tested in accordance with the pertioent standard.

5" ks ’
b 0 T ol

Ron Lowery:
I

Labortory Manager /
Sonthland TuleSidiporaied

} ST Pickup Mo: S4LE161 STI Cndier No: GOZ6274 ST flem No: 4.0RS4021

TR No. 618851-01-1 75
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08-11-2023 03:17 Load - 4349337
Custom Fabricators

Cust. PO - 04109

NUCOoR

TUBULAR PRODUCLTS

6226 W. 74TH STREET

BL - 3937214
Heat - SN2554
Order - 22703290

CHICAGO, IL 60638
Tel: 708-496-0380
Fax: 708-563-1850

htips//www.nucortubular.com
https/Awww.ntpportal.com
Certificate Number: BHM 30334

bird66

Sold By:

NUCOR TUBULAR PRODUCTS INC.
BIRMINGHAM DIVISION

3525 RICHARD ARRINGTON JR. BLVD N
BIRMINGHAM, AL 35201

Tel: 205 251-1884

Fax: 205 251-1553

Sold To:

1187 - KLOECKNER METALS - BUDA/HOUSTON
500 COLONIAL PARKWAY

SUITE 500

ROSWELL, GA 30076

CERTIFICATE of ANALYSIS and TESTS

Purchase Order No: 7854824
Sales Order No: BHM 609353 - 1
Bifl of Lading No: BHM 59472 - 1
Invoice No:

Shipped: 7/18/2023
Invoiced:

Ship To:

2 - KLOECKNER METALS CORP BUDA
2560 SOUTH LOOP 4

BUDA, TX 78610

Certificate No: BHM 30334

Customer Part No: Test Date: 7/17/2023
TUBING AS00 GRADE B(C) Total Pieces  Total Weight Lbs
4" 8Sa X 1/8" X a0 12 3.101
Bundle Tag Mil Heat S Y/T Ratia Pieces  Weight Lbs
283734 40N SN2554 YLD=68700/TEN=75600/ELG=24.8/RWB=84 0.9087 12 3,101

Mill #: 40N Heat #: SN2554 Carbon Eg: 0.2891 Heat Src Origin: MELTED AND MANUFACTURED IN THE USA

[P 5 ] N [ N6 | b
ozoooluaaoo 0,007 oooao;u ao“{oom “ﬁ‘“‘oﬁoo on‘aoo umzo‘E—mooo,so

Sn | N
0.0010 | 0.0068 a8
T/R FAX

INI(!ZD 0. 0018

Certification:

| gertify that the above results are a true and correct copy of records prepared and maintained by NUCOR TUBULAR

PRODUCTS INC. Sworn this day, 7/17/2023.

THE SPECIFIGATIONS LISTED BELOW REPRESENT THE

GURAENT ISSUED DATES OF THESE STANDARDS. THIS

DOES NOT INDICATE THAT THE MATERIAL ABOVE CONFORMS
TO EACH OR ALL OF THE STANDARDS. WE CERTIFY THE
MATERIAL ABOVE TO THE SPECIFICATION USTED IN THE

LINE DESCRIPTION.

CURRENT STANDARDS:

A252-18

AS00/AS00M-21

AS13/A513M-21

ASTM A53/A53M-20| ASME SA-53/SA-53M-21
ABAT/ABATM-14

A1085/A1085M-15

IN COMPLIANCE WITH EN 10204 SECTION 4.1
INSPECTION CERTIFICATE TYPE 3.1

Nora Qukaljji
Metaliurgist/Quality Supervisor

et Lieys)

‘:TLL*- "

Page -1
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STEEUPROCESANG,

v S |
5

TRIPLE-8 STEEL SUPPLY CO.

6000 JENSEN DRIVE
HOUSTON, TX 77026

Sold To:
Ship To:
Customer 100200/4
Our Qrder 32688-6-1

HOT HOLLED PLATE AJ6/SA36
0.2500" x 60" x 1207

TRIPLE-S STEEL SUPPLY CQ., 6000 JENSEN DRIVE, HOUSTON, TX 77026
DALLAS/FORT WORTH - PRIME STOCK, 3000 BRASWELL DRIVE, FORT WORTH, TX 76111

..... ERTIFICATE O o
=

| (N

Cort Humber 67791-11 12/2023 ——
Tesi Aeforenco 88297 —
=

i

Issvad from e

BESHERT STEEL PROCESSING
JOIMT VEHTURE

STEEL WAREHOUSE CO.8
TRIFLE 5 STEEL HOLDINGS ING.
16355 JACINTO PORT BOULEVARD
HOUSTON, TX 77015

Aeference
Your Order TAN-11391 (5/30/2023)
Packing List 67791-1 (7/3/2023)

Product Informatic
Heat ™ Tag Pcs LBS
2A5263 38442E 10 5,107

Part PL36TML1460
Conform To ASTM-A36-.246-.258 7/1/2019
Chemlical Composition_ C.E.: 0.2444 D.l.: 0
g Mn ST P S Cr Ni Mo
0.148 0.553 0.014 0.013 0.009 0.018 0.005 0.00
Cu Al N v T Cb CbV B
OéKM 0.042 0.0046 0.00 0.001 0.00 0.00 0.0006
n
0.002
Physical Tests
YIELD - H(T} TENSILE - H(T) ELONGATION - H (T) | YIELD-M (M)
47.1 KSI 59.1 KSI 30.3 % { 46.2 K51
ey TENSILE-M (M) ELONGATION - M (T)
60.6 KSI 31.2%
PRODUCT OF COIL ¥
COUNTRY OF ORIGIN: BRAZIL
D7 Gleeg
it

1

A2L  Plate
Ui x O X |20

7172023 I 01:25 PM II] @ _al

TR No. 618851-01-1
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Certified Analysis

| f VALTIR
Valtir, LLC L <|
2548 N.E, 28th St, Order Number: 1360178 Prod Ln Grp: 0-0E2.0 B
Ft Worth (THP), TX 76111 Phn(817) 665-149% Customer PO: 618851 A Asofi 411623
Customer: TEXAS A&M TRANSPORTATION INSTI BOL Number: 91828 Ship Date: |
ROADSIDE SAFETY & PHYSICA Document #: 1 ;
f ?gsﬁ?ﬁf}f{?FFICE Shipped To: TX | !
N = — TR
| _Project: __STOCK ‘ B
I -
%
Qty Partd Description Spee CL 1Y Heat Codef Hent Yicld s Elg € Mn 3 8 8i Ca b er Vn
[E B ST i b T U TS T TIE3 |
M-180 A 2 AABIOT 59,700 §6,800 20,0 0210 0490 0.007 0.001 0.020 0.013 00000050 0.002
M-180 A 2 AABIOR 56,700 80,000 240 0210 0480 0.0070.002 0.020 0.120 0001 0.090 0.002
M-180 A 2 AABLID 62,400 86,800 200 0.230 0470 0.008 0.002 0.020 0.110 0.0000,090 0.002
M-180 A2 AABLI2 62,800 84,400 23.0 0210 0480 0006 0002 0030 0120 0000 0.080 0.003
1G 2 F11823
M-180 A 2 AASIET 59,700 86,800 21.0 0210 0490 0.007 0,001 0.020 0,013 0.0000.090 0.602
| M:180 A 2 AASLOR 56,700 80,000 240 0210 0480 0.0070.002 0.020 0.120 0.001 0‘090‘ 0.002
# M-180 A 2 AARILO 62,400 86,800 200 0230 0470 0.008 0.002 0.020 0.110 0.0000.090 0.002
M:180 A2 AABLE2 62,800 84,400 23.0 0210 0480 0.006 0,002 0.030 0.120 0.000 0,080 0003
116 2 FI12223
2 288226
2 288237
2 2RR238
2 288239
M-150 A 2 AABLID 62,400 86,800 200 0230 0470 0.008 0.002 0.020 0.110 0.000 0.090 0.002
M-180 A2 EA3750 57,100 80,000 23.0 0.190 0.500 0.014 0.002 6.020 0.140 0.0000.050 0.602
1G 2 F12323
2 288226
2 288239
M-180 A 2 AABATL 59,100 81,200 200 0200 0460 0.0070001 0.030 0090 0,000 0.050 0.002
M-180 A 2 CATS2Y 58,900 80,300 190 0.200 0490 0.0070.003 0.030 0.120 0.0000.070 0.002
116 2 FI3i22
M-180 A 2 277506 65,000 84,374 243 0.200 0790 0.016 0004 0.010 0120 0.0000.080 0.001
M-180 A2 277340 59,744 76,903 26.9 0.180 0.740 0.0100.004 0.010 0.100 0.001 0.050 0.002
M-180 A2 277541 61,280 79,207 259 0190 0730 00100002 0.020 0100 0.0010.040 0.001

TR No. 618851-01-1
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. .
. Certified Analysis =
VALTIR
| Valtir, LLC !
2548 N.E, 28th St Order Mumber: 1360178 Prod Ln Grp: 0-OE2.0
Tt Worth (THP), TX 76111 Phn:(817) 665-1499 Customer PO: 618851 Asof: 81623
Customor: TEXAS A&M TRANSPORTATION INST! BOL Number: 91828 Ship Date: |
ROADSIDE SAFETY & PHYSICA Document #: 1 |
B o HGENAANT
COLLEGE STATION, TX 77843-3135 Use State: TX 'l‘ mmmml
Projectt  STOCK e
Qty Part#  Description Spee  CL TY Heat Codel Heat Yield 5 By € Ma P 8 S Cu Cb € Vn
| o GG 122551308 7 TI0823 .
| M-180 A 2 1217676 59,500 81,700 23.0 0210 0.800 0.008 0.002 0.030 0.090 0.0000.030 0.002
{ M-180 A 2 1219676 59,500 81,700 230 0210 0.800 0.008 0.002 0.030 0.090 0.001 0.030 0.002
\ M-IB0 A 2 2217668 57,700 78,300 240 0210 0.810 D.COY 0.002 0.030 0.110 0.000 0050 0.003
M-180 A 2 2217670 62,700 84,600 260 0210 0810 0008 0.005 0020 0,100 0.000 0,050 0.002
61G 2 P23 |
MIRO A2 285749 62,430 79,902 245 0190 0.730 0.009 £.004 0.010 0.090 0.0000.050 0.001
M-180 A2 285750 62,382 81,485 243 0190 0.730 0.007 0.005 0.010 0090 0.00f 0,050 0,001
M-180 A 2 285752 62,97 81,141 246 0.190 0.730 0.009 0.002 0.010 0.080 0.0000.050 0.001
M180 A2 286152 60,197 71373 361 0490 0,730 0.0080,004 0010 0.050 0.0010.08 0.002
M-180 A 2 286570 63,814 81,890 222 0190 0750 0.0050.003 0.010 0.100 0.001 0.060 0,002
61G 2 FL1T3 I
M-180 A2 287476 62,655 81,111 236 0180 0720 0.004 0,002 0.010 0.080 0.0610.050 0.000
M-180 A2 287477 63,830 43,830 252 0200 0720 0.0060.003 0.010 D00 0.000 0.050 0.000
M-180 A2 AABLI0 62,400 86,800 200 0230 0.470 0.008 0.002 0.020 0.110 0.0000.090 0,002
M-180 A 2 AABIIZ 62,800 84,400 23.0 0210 0480 0.006 6.002 0.030 0,120 0.0000.080 0.003
610G 2 FHEn
M-180 A 2 AABLO7 59,700 86,300 210 0210 0.490 D.£070.001 0.020 0.013 0.000 0090 0.002
M-180 A2 AABIOE 56,700 80,000 240 0210 0480 D.0078.002 0.020 0.120 0.0010.090 0.002
M-180 A2 AABLIO 62,400 46,800 200 0230 0470 0.008 0.002 0.020 0.110 0.000 0.090 0.002
M-180 A2 AABLI2 62,800 84,400 23.0 0210 0.480 6.0060.002 0.030 0.120 0.000 0,080 0.003
20 533G §0POST/R.SDDIVT A-36 1114803 54,500 67,500 283 0.070 0.840 0.007 0.022 0230 0.130 0.0(S 0.040' 0.002
533G A-36 2104723 54,000 66,200 260 0.07080.000 0.013 0.020 0.200 0.100 0.0(4 0.040 0.002
5330 A-709 59110730 59,045 72,898 233 0.090 0860 0.012 0.024 0220 0.250 0.013 0.150, 0.001
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5 Certified Analysis =4

VALTIR
Valtir, LLC |
2548 N.E. 28th St. QOrder Number: 1360178 Prod Ln Grp: 0-OE2.0
Ft Wouth (THP), TX 7611 | Phn(817) 665-1499 Customer PO: 618851 Asof 816723
Customer: TEXAS A&M TRANSPORTATION INSTI BOL Number: 91828 Ship Date:
ROADSIDE SAFETY & PHYSICA Document #: 1
BUSINESS OFFICE

3135 TAMU Shipped To: TX n
COLLEGE STATION, TX 77843-3135 Use State: TX L il

Project: STOCK

: Qty Part#  Deseription Spee CL TY Heat Code/ Heat Vield T8 Elg C Mn r 8 Si Cu Cb Cr; Va
| i
i & 926G 10/END SHOE/EXTRA HOLE M-180 B 2 284576 62,994 81,589 242 0200 0.730 0.010 (.001 0,020 0.090 0.000 [).0’1!1;0.001
926G RHC 2 L1921 |
M-180 B 2 260786 62,000 80,172 247 0190 0730 00110002 0.020 0.130 0.000 0.080 0,000
M-180 A 2 260788 63,565 80,754 254 0180 0720 0.0110.003 0020 0080 0000 ¢.080 0.002
M-180 A2 260791 64,389 B3,182 223 0200 0.720 0.011 0.062 0.020 0,120 0.000 6,070 0.000
M-180 A 2 261141 61,855 79,140 2319 0.090 0718 0.010 0003 0.020 0.130 0.000 0.060 0.001
M-1R0 A2 261047 61,123 79,606 242 0.9 0.720 0.009 0.003 0.010 0.110 0.000 0.070 0.001
M-180 A2 261612 63,651 81,142 266 0.190 0720 0,011 0,005 0010 0.100 0.001 0.0BD 0.002
M-180 A 2 261614 61,668 76,433 240 0180 0.720 0.012 0003 0020 0.120 0.000 C.100 0.002
M-180 A 2 262184 61,577 79,100 254 0190 0730 0.0120003 0020 0.06¢ 0.000 0,060 0.000
M-180 A2 262455 65,000 826,100 245 0190 0730 0.013 0.002 0.030 0.110 0.000 B‘BBO_ 0.002
M:180 A 2 262456 62,025 80,574 249 0190 0.720 0.0110.003 0.020 0.11¢ 0.000 0.660 0.007
60 3300G  5/8" WASHERTE44 AW F844-3300 P40153 RT7297 i
|
100 3340G  5/8° GRHEX NUT . FAST 23-54-413
|
i
60 3400G  5/8“X2" GR BOLT ' A307-3400G AT0716:9 i
30 40768 WD BLK RTD 6X8X14 ) WOOoD 4850 !

Upon delivery, all materials subject to Valtir, LL.C Storage Stain Policy QMS-L(-002. I

ALL STEEL USED WAS MELTED AND MANUFACTURED IN USA AND COMPLIES WITH THE BUY AMERICA ACT, 23 CFR 635.410,
ALL GUARDRAIL MEETS AASHTO M-180, ALL STRUCTURAL S8TEEL MEETS ASTM A36 UNLESS OTHERWISE STATED, !
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Certified Analysis A =4

& R0 VALTIR
Valtir, LLC
| 2548 N.E. 28th 8t, Order Number: 1360178 Prod Lu Grp: 0-OE2.0 ‘
Pt Worth (THE), TX 7611 1 Phn:(817) 665-1499 Customer PO; 618851 Asof: 81673
Customer: TEXAS A&M TRANSPORTATION INSTI BOL Number: 91828 Ship Date: '
ROADSIDE SAFETY & PHYSICA : Document #: 1
BUSINESS OFFICE . | |
1135 TAMU Shipped To: TX 1 ! ’
COLLEGE STATION, TX 77843-3135 Use State: TX i l l

Project: STOCK

ALL COATINGS PROCESSES OF THE STEEL OR IRON ARE PERFORMED IN USA AND COMPLIES WITH THE "BUY AMERICA ACT", 23 CFR 635.410.
ALL GALVANIZED MATERIAL CONFORMS WITH ASTM A-123 (US DOMESTIC SHIPMENTS)
ALL GALVANIZED MATERIAL CONFORMS WITH ASTM A-123 &ISO 1461 (INTERNATIONAL SHIPMENTS)

FINISHED GOOD PART NUMBERS ENDING IN SUFFIX B,P, OR S, ARE UNCOATED
| BOLTS COMPLY WITH ASTM A-307 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.

\ NUTS COMPLY WITH ASTM A-563 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITIH ASTM A-153, UNLESS OTHERWISE STATED. |
| WASHERS COMPLY WITH ASTM F-436 SPECIFICATION AND/OR F-844 AND ARE GALVANIZED IN ACCORDANCE WITH ASTM F-2329, UNLESS
OTHERWISE STATED,
3/4" DIA CABLE 6X19 ZINC COATED SWAGED END AISI C-1035 STREL, ANNEALED STUD 1" DIA  ASTM449 AASHTO M30, TYPEII BREAKING
STRENGTH - 46000 LB

State of Texas, County of Tarvant. Sworn and subseribed before me this 16th day of August, 2023 .
vl
Notary Public: P ——— Certified By:
Commission Bxpires: / f o \ M;%a}aﬁs&io;;i;i’fgs '/L M (7 ann 0
/\? Notary 101;135,27723 ‘Z‘%W Quality Assurance

4 of 4

TR No. 618851-01-1 81 2024-01-11



August 24, 2023
K-T Bolt Manufacturing Company, Inc.®
1150 Katy Fort-Bend Road
Katy, Texas 77494
Ph: 281-391-2196 Fax: 281-391-2673

certs@k-tbolt.com

Original Mill Test Report
Company: Mack Manufacturing & Machine
Part Description: 1 pes. 7/8” (9) x 77 All Thread Studs
Material Specification: ASTM A193 -’19 Grade B7
Coating Specification: Galvanized per ASTM F2329 —- A153
Purchase Order Number: 39414
Lot Number: 76350-3
Material Heat Namber: 58050969
Comments:

218142

C Mn P S N Si Ni
A1% 90% 009% 007% 0112% 33% 14%
Cr Mo Cu Sn B Al v
92% .194% .25% 003% 0001% 026% 003%
Ti
.003%

100% Melted and Manufactured in the USA - Values reflect original mill test report

Tensile Test Results
Property #1 ksi
Tensile: 138
Yield: 124
Elongation %: 15%
ROA %: 60%

Comments

Test results reflect the original mill test report

K-T Bolt Manufacturing Co., Inc.

Quality Representative

K Dy

All reports are the exdusive property of K-T Bolt Manufacturing Company, inc.®. Any reproducti
same.

must be In their entirety and at the permission of
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218144

August 24, 2023

K-T Bolt Manufacturing Company, Inc.e

1150 Katy Fort-Bend Road i
Katy, Texas 77494 f v \))

Ph: 281-391-2196 Fax: 281-391-2673 {
certs@k-tbolt.com

Original Mill Test Report

Company: Mack Manufacturing & Machine
Part Description: 2 pes. 7/8” (9) x 8” All Thread Studs
Material Specification: ASTM A193 -’19 Grade B7
Coating Specification: Galvanized per ASTM F2329 - A153
Purchase Order Number: 39414

Lot Number: 76350-5

Material Heat Number: 58050969

Comments:

C Mn P S N Si Ni
41% 90% 009% 007% 0112% 33% 14%
Cr Mo Cu Sn B Al v
92% 194% 25% 003% 0001% 026% 003%
Ti
003%
100% Melted and Manufactured in the USA - Values reflect original mill test report
Tensile Test Resuits
Property #1 ksi
Tensile: 138
Yield: 124
Elongation %: 15%
ROA %: 60%
Comments
Test results reflect the original mill test report
K-T Bolt Manufacturing Co., Inc.
Quality Representative

K. Dy

All reports are the exdlusive property of K-T Boit Manufacturing Company, Inc.®. Any reproduction must be in their entirety and at the permission of
same.
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August 24, 2023
K-T Bolt Manufacturing Company, Inc.e ) ~ &
1150 Katy Fort-Bend Road , Y 221
Katy, Texas 77494 e R8Y
Ph: 281-391-2196 Fax: 281-391-2673 \ )
certs@k-tbolt.com

Original Mill Test Report

Company: Mack Manufacturing & Machine
Part Description: 1 pes. 7/8” (9) x 8 4” All Thread Studs
Material Specification: ASTM A193 - °19 Grade B7
Coating Specification: Galvanized per ASTM F2329 - A153
Purchase Order Number: 39414
Lot Number: 76350-4
Material Heat Number: 58050969
Comments:
emicabAnalye
C Mn P S N Si Ni
A41% 90% 009% 007% 0112% 33% 14%
Cr Mo Cu Sn B Al A4
92% .194% 25% L003% 0001% 026% 003%
Ti
003%
100% Melted and Manufactured in the USA - Values reflect original mill test report
Tensile Test Results
Property #1 ksi
Tensile: 138
Yield: 124
Elongation %: 15%
ROA %: 60%
Comments
‘Test results reflect the original mill test report
K-T Bolt Manufacturing Co., Inc.
Quality Representative

K. Dyerw?

All reports are the exdusive property of iK-T Bolt Manufacturing Company, Inc.®. Any reproduction must be In their entirety and at the permission of
same.
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\_
Amerivan Eagple Steel ,
585 Aberdeen Dr. OB MATERIAL CERTIFICATION
Crets, IL 80417
Job No: 790197 Job Informati Certified Date: 12/6/22
Containers: 520817150 520817152 S20817216
. 317 East 11th Street
Customer: American Eagle Steel Co., LLC Ship To: Chicago Helghts, IL. 60411
Vulcan Part No: HRB B7 .8750x288 BC/105
Customer Part No: HREB B7 .8750x288 8C/105
Customer PO No: 2681A and B Shipped Qty: 13557 Ibs
Order No: 473226 Line No: 2
Note:
Applicable Specifichtions.
" spedicaton T Rev
ASTMF1554Gd 10584 | 2020
ASME SA-193/SA-193M B7 L% i
_ ASTMAISSBTSH a0 T
ASTM A434 BC i 2018 : :
Certifled Chemlcal Apalysis
o Heat No: 5805096505 . o
f. € . Ma . TP T8 s o Mo .
—-na1 os0 . 0009 0007 | 033 082 0.194 025
LA s T W N8 RR . Maor R
0028 0003 | 0003 00112 0.0601 kN 1.
.. Magro © o9 B B AN 4
1 s . & s % 58
. J10 Jwe . 8 20 J24
55 49 . 48 3 46
Notes
Py d riat is Tempered - Stross No welding onthe No Marcury used in the production of this matarial. Melled and
Manutsctured in the USA.
Grade - 4140/42
EAF Melted
Plox 12/8/22 10:49 AM vule.mgut Page 1 of
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-
Anerivan Eagle Stool
565 Aberdoen br. JOB MATERIAL CERTIFICATION
Crete, IL 60417
Job No: 790197 Job informati Certified Date: 12/6/22
Contalners: S20817150 S20817152 S20817216 .
Test Results
| Part No: HRB B7 8750x283 BC/105 )
 YomperiogTamp () RunSpecd (Wmin)  QuenchWaterTomp (F) -
1.5 | 267 o 88 ’
" Yield Strength (0.2% Offset) | (kal) Elongation(4D) (%) ROA (X)  Nots
1za R L2 )
e kS
128 21
128 20
128 19
128 0
Surface Hardness Core dness Scals uou
30 3 " HRC
FX] 20 HRC
28 30
28 29
30 23
£ I 30
“Tost1 {ftdb) Tost2 by  Test3 (Rib) Average (R4b) Nets
L T L s e
Tomslo Strongth (ksl)  Yield Sirength (kal)  Elongaliod (%) Elongation GougeLength | ROA () - " Note
138 ___'» 5 _8in. . 80
mmmmmuumu:m takers o 19
mmmmmwmmmvsmmmsmmw
Videan Stael Pracucts tab is ISO 170252017 i tonslle, 4]
Mataris! was n i e n aof ASTM A370, F808, and
’:fg-?" is demagnetized. L' W i
mmmmmumum mhhﬂ.mmﬁnn
. w:‘ggummmfm !.1!0'3!04(3.1). GLMI‘.MHB Malerial Testing and Tech. Supporn Manager Dato

Plox 12/8/22 10:49 AM vulc.mgut Page 2 of
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Certified Analysis

| f VALTIR
Valtir, LLC L <|
2548 N.E, 28th St, Order Number: 1360178 Prod Ln Grp: 0-0E2.0 B
Ft Worth (THP), TX 76111 Phn(817) 665-149% Customer PO: 618851 A Asofi 411623
Customer: TEXAS A&M TRANSPORTATION INSTI BOL Number: 91828 Ship Date: |
ROADSIDE SAFETY & PHYSICA Document #: 1 ;
f ?gsﬁ?ﬁf}f{?FFICE Shipped To: TX | !
N = — TR
| _Project: __STOCK ‘ B
I -
%
Qty Partd Description Spee CL 1Y Heat Codef Hent Yicld s Elg € Mn 3 8 8i Ca b er Vn
[E B ST i b T U TS T TIE3 |
M-180 A 2 AABIOT 59,700 §6,800 20,0 0210 0490 0.007 0.001 0.020 0.013 00000050 0.002
M-180 A 2 AABIOR 56,700 80,000 240 0210 0480 0.0070.002 0.020 0.120 0001 0.090 0.002
M-180 A 2 AABLID 62,400 86,800 200 0.230 0470 0.008 0.002 0.020 0.110 0.0000,090 0.002
M-180 A2 AABLI2 62,800 84,400 23.0 0210 0480 0006 0002 0030 0120 0000 0.080 0.003
1G 2 F11823
M-180 A 2 AASIET 59,700 86,800 21.0 0210 0490 0.007 0,001 0.020 0,013 0.0000.090 0.602
| M:180 A 2 AASLOR 56,700 80,000 240 0210 0480 0.0070.002 0.020 0.120 0.001 0‘090‘ 0.002
# M-180 A 2 AARILO 62,400 86,800 200 0230 0470 0.008 0.002 0.020 0.110 0.0000.090 0.002
M:180 A2 AABLE2 62,800 84,400 23.0 0210 0480 0.006 0,002 0.030 0.120 0.000 0,080 0003
116 2 FI12223
2 288226
2 288237
2 2RR238
2 288239
M-150 A 2 AABLID 62,400 86,800 200 0230 0470 0.008 0.002 0.020 0.110 0.000 0.090 0.002
M-180 A2 EA3750 57,100 80,000 23.0 0.190 0.500 0.014 0.002 6.020 0.140 0.0000.050 0.602
1G 2 F12323
2 288226
2 288239
M-180 A 2 AABATL 59,100 81,200 200 0200 0460 0.0070001 0.030 0090 0,000 0.050 0.002
M-180 A 2 CATS2Y 58,900 80,300 190 0.200 0490 0.0070.003 0.030 0.120 0.0000.070 0.002
116 2 FI3i22
M-180 A 2 277506 65,000 84,374 243 0.200 0790 0.016 0004 0.010 0120 0.0000.080 0.001
M-180 A2 277340 59,744 76,903 26.9 0.180 0.740 0.0100.004 0.010 0.100 0.001 0.050 0.002
M-180 A2 277541 61,280 79,207 259 0190 0730 00100002 0.020 0100 0.0010.040 0.001
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. .
. Certified Analysis =
VALTIR
| Valtir, LLC !
2548 N.E, 28th St Order Mumber: 1360178 Prod Ln Grp: 0-OE2.0
Tt Worth (THP), TX 76111 Phn:(817) 665-1499 Customer PO: 618851 Asof: 81623
Customor: TEXAS A&M TRANSPORTATION INST! BOL Number: 91828 Ship Date: |
ROADSIDE SAFETY & PHYSICA Document #: 1 |
B o HGENAANT
COLLEGE STATION, TX 77843-3135 Use State: TX 'l‘ mmmml
Projectt  STOCK e
Qty Part#  Description Spee  CL TY Heat Codel Heat Yield 5 By € Ma P 8 S Cu Cb € Vn
| o GG 122551308 7 TI0823 .
| M-180 A 2 1217676 59,500 81,700 23.0 0210 0.800 0.008 0.002 0.030 0.090 0.0000.030 0.002
{ M-180 A 2 1219676 59,500 81,700 230 0210 0.800 0.008 0.002 0.030 0.090 0.001 0.030 0.002
\ M-IB0 A 2 2217668 57,700 78,300 240 0210 0.810 D.COY 0.002 0.030 0.110 0.000 0050 0.003
M-180 A 2 2217670 62,700 84,600 260 0210 0810 0008 0.005 0020 0,100 0.000 0,050 0.002
61G 2 P23 |
MIRO A2 285749 62,430 79,902 245 0190 0.730 0.009 £.004 0.010 0.090 0.0000.050 0.001
M-180 A2 285750 62,382 81,485 243 0190 0.730 0.007 0.005 0.010 0090 0.00f 0,050 0,001
M-180 A 2 285752 62,97 81,141 246 0.190 0.730 0.009 0.002 0.010 0.080 0.0000.050 0.001
M180 A2 286152 60,197 71373 361 0490 0,730 0.0080,004 0010 0.050 0.0010.08 0.002
M-180 A 2 286570 63,814 81,890 222 0190 0750 0.0050.003 0.010 0.100 0.001 0.060 0,002
61G 2 FL1T3 I
M-180 A2 287476 62,655 81,111 236 0180 0720 0.004 0,002 0.010 0.080 0.0610.050 0.000
M-180 A2 287477 63,830 43,830 252 0200 0720 0.0060.003 0.010 D00 0.000 0.050 0.000
M-180 A2 AABLI0 62,400 86,800 200 0230 0.470 0.008 0.002 0.020 0.110 0.0000.090 0,002
M-180 A 2 AABIIZ 62,800 84,400 23.0 0210 0480 0.006 6.002 0.030 0,120 0.0000.080 0.003
610G 2 FHEn
M-180 A 2 AABLO7 59,700 86,300 210 0210 0.490 D.£070.001 0.020 0.013 0.000 0090 0.002
M-180 A2 AABIOE 56,700 80,000 240 0210 0480 D.0078.002 0.020 0.120 0.0010.090 0.002
M-180 A2 AABLIO 62,400 46,800 200 0230 0470 0.008 0.002 0.020 0.110 0.000 0.090 0.002
M-180 A2 AABLI2 62,800 84,400 23.0 0210 0.480 6.0060.002 0.030 0.120 0.000 0,080 0.003
20 533G §0POST/R.SDDIVT A-36 1114803 54,500 67,500 283 0.070 0.840 0.007 0.022 0230 0.130 0.0(S 0.040' 0.002
533G A-36 2104723 54,000 66,200 260 0.07080.000 0.013 0.020 0.200 0.100 0.0(4 0.040 0.002
5330 A-709 59110730 59,045 72,898 233 0.090 0860 0.012 0.024 0220 0.250 0.013 0.150, 0.001
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5 Certified Analysis =4

VALTIR
Valtir, LLC |
2548 N.E. 28th St. QOrder Number: 1360178 Prod Ln Grp: 0-OE2.0
Ft Wouth (THP), TX 7611 | Phn(817) 665-1499 Customer PO: 618851 Asof 816723
Customer: TEXAS A&M TRANSPORTATION INSTI BOL Number: 91828 Ship Date:
ROADSIDE SAFETY & PHYSICA Document #: 1
BUSINESS OFFICE

3135 TAMU Shipped To: TX n
COLLEGE STATION, TX 77843-3135 Use State: TX L il

Project: STOCK

: Qty Part#  Deseription Spee CL TY Heat Code/ Heat Vield T8 Elg C Mn r 8 Si Cu Cb Cr; Va
| i
i & 926G 10/END SHOE/EXTRA HOLE M-180 B 2 284576 62,994 81,589 242 0200 0.730 0.010 (.001 0,020 0.090 0.000 [).0’1!1;0.001
926G RHC 2 L1921 |
M-180 B 2 260786 62,000 80,172 247 0190 0730 00110002 0.020 0.130 0.000 0.080 0,000
M-180 A 2 260788 63,565 80,754 254 0180 0720 0.0110.003 0020 0080 0000 ¢.080 0.002
M-180 A2 260791 64,389 B3,182 223 0200 0.720 0.011 0.062 0.020 0,120 0.000 6,070 0.000
M-180 A 2 261141 61,855 79,140 2319 0.090 0718 0.010 0003 0.020 0.130 0.000 0.060 0.001
M-1R0 A2 261047 61,123 79,606 242 0.9 0.720 0.009 0.003 0.010 0.110 0.000 0.070 0.001
M-180 A2 261612 63,651 81,142 266 0.190 0720 0,011 0,005 0010 0.100 0.001 0.0BD 0.002
M-180 A 2 261614 61,668 76,433 240 0180 0.720 0.012 0003 0020 0.120 0.000 C.100 0.002
M-180 A 2 262184 61,577 79,100 254 0190 0730 0.0120003 0020 0.06¢ 0.000 0,060 0.000
M-180 A2 262455 65,000 826,100 245 0190 0730 0.013 0.002 0.030 0.110 0.000 B‘BBO_ 0.002
M:180 A 2 262456 62,025 80,574 249 0190 0.720 0.0110.003 0.020 0.11¢ 0.000 0.660 0.007
60 3300G  5/8" WASHERTE44 AW F844-3300 P40153 RT7297 i
|
100 3340G  5/8° GRHEX NUT . FAST 23-54-413
|
i
60 3400G  5/8“X2" GR BOLT ' A307-3400G AT0716:9 i
30 40768 WD BLK RTD 6X8X14 ) WOOoD 4850 !

Upon delivery, all materials subject to Valtir, LL.C Storage Stain Policy QMS-L(-002. I

ALL STEEL USED WAS MELTED AND MANUFACTURED IN USA AND COMPLIES WITH THE BUY AMERICA ACT, 23 CFR 635.410,
ALL GUARDRAIL MEETS AASHTO M-180, ALL STRUCTURAL S8TEEL MEETS ASTM A36 UNLESS OTHERWISE STATED, !
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Certified Analysis A =4

& R0 VALTIR
Valtir, LLC
| 2548 N.E. 28th 8t, Order Number: 1360178 Prod Lu Grp: 0-OE2.0 ‘
Pt Worth (THE), TX 7611 1 Phn:(817) 665-1499 Customer PO; 618851 Asof: 81673
Customer: TEXAS A&M TRANSPORTATION INSTI BOL Number: 91828 Ship Date: '
ROADSIDE SAFETY & PHYSICA : Document #: 1
BUSINESS OFFICE . | |
1135 TAMU Shipped To: TX 1 ! ’
COLLEGE STATION, TX 77843-3135 Use State: TX i l l

Project: STOCK

ALL COATINGS PROCESSES OF THE STEEL OR IRON ARE PERFORMED IN USA AND COMPLIES WITH THE "BUY AMERICA ACT", 23 CFR 635.410.
ALL GALVANIZED MATERIAL CONFORMS WITH ASTM A-123 (US DOMESTIC SHIPMENTS)
ALL GALVANIZED MATERIAL CONFORMS WITH ASTM A-123 &ISO 1461 (INTERNATIONAL SHIPMENTS)

FINISHED GOOD PART NUMBERS ENDING IN SUFFIX B,P, OR S, ARE UNCOATED
| BOLTS COMPLY WITH ASTM A-307 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.

\ NUTS COMPLY WITH ASTM A-563 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITIH ASTM A-153, UNLESS OTHERWISE STATED. |
| WASHERS COMPLY WITH ASTM F-436 SPECIFICATION AND/OR F-844 AND ARE GALVANIZED IN ACCORDANCE WITH ASTM F-2329, UNLESS
OTHERWISE STATED,
3/4" DIA CABLE 6X19 ZINC COATED SWAGED END AISI C-1035 STREL, ANNEALED STUD 1" DIA  ASTM449 AASHTO M30, TYPEII BREAKING
STRENGTH - 46000 LB

State of Texas, County of Tarvant. Sworn and subseribed before me this 16th day of August, 2023 .
vl
Notary Public: P ——— Certified By:
Commission Bxpires: / f o \ M;%a}aﬁs&io;;i;i’fgs '/L M (7 ann 0
/\? Notary 101;135,27723 ‘Z‘%W Quality Assurance

4 of 4
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> Doc. No, Revision Date:
= Texas A&M
/‘ Transportation QF 7.3'01 Concrete le 73-01 2020-07-29
N Revised by: B.L. Griffith Revision: Page:
Quallty Form Approved by: D. L. Kuhn 7 1of1
Project No: 6518851 Casting Date: 8/16/2023 Mix Design (psi): 3600
Name of Technician Name of Technician
Taking Sample Terracon Breaking Sample Terracon
Signhature of Signature of
Technician Technician Breaking
Taking Sample Terracon Sample Terracon
Load No. Truck No. Ticket No. Location (from concrete map)
T1 Frank154 81626 100% of deck
Load No. Break Date Cylinder Age Total Load (lbs) Break (psi) Average
TR No. 618851-01-1 91 2024-01-11



IEACRETE
Redi-méx: Oomercte Company
REMIT PAYMENT TO:
P.O. BOX138
KURTEN, TX 77862

5222 Sandy Point RD. 17534 SH 6 South
Bryan|TX 77807 College Station, TX 77845
18935 Circle Lake Dr. 2687 HWY 105

Pinehurst, TX 77362

Montgomery, TX 77333

BCS DISPATCH - 979-316-2906
PINEHURST DISPATCH - 936-232-5815
OFFICE - 979-985-3636

_TIME YARD ORDERED | PLANT TRANSACTION#]
__LoADE# _ YARDSDEL. | TICKET NUMBER
_ EXTENDED PRICE

ADDITIONAL CHARGE 1

ADDITIONAL CHARGE 2

GRAND TOTAL

Contact with Skin. In Case of
Water. If Irritation Persists.

CONCRETE is a PERISHABLE COMMODITY and BE(
PURCHASER UPON LEAVING the PLANT. ANY Gy
ORIGINAL INSTRUCTIONS MUST be TELEPHONED to
starts. The undersigned promises to pay all costs, inclu
incurred in collecting any sums owed.

All accounts not paid within 30 days of delivery will bear interest at the rate of 18% per

Contains Portland Cement, Wear Rubber Boots and Gloves. PROLONGED
CONTACT MAY CAUSE BURNS Avoid Contact With Eyes and Prolon
Contact with Skin or Eyes, Rinse Thoroughly
Get Medical Attention.KEEP CHILDREN AWAY.

ged
ith

COMES THE PROPERTY of the
IANGES or CANCELLATION lof
the OFFICE BEFORE LOADING
ding reasonable attomey's fee;

truck In presenting this
RELEASE to you for your signature is of the opinion that the
§ize and weight of this truck may possibly cause damage to
the premises and/or adjacent ‘property’ if he places the

Water is Detri

LEFT PLANT ARRIVED JOB START UNLOADING SLUMP CONCRETE TEMP. AR TEMP
FINISH UNLOADING LEFT JOB ARRIVED AT PLANT ON SITE TESTING
TERRACON
TESTING LAB:  GESSNER
CME OTHER
TESTED AR CYLINDERS
Oves  Owo
ER MAGE REL E
WARN'NG (TOBE SIGFF;REgE DEII\’EI?YATOQSMQE INEI%ESEURE LINE)
IRRITATING TO THE SKIN AND EYES Rear Customer - The driver of this

H,0 Added by Request/Authorized By:

GAL X

to Concrets

material in this load where you desire f. It is our wish 1o
help you in everywa:r‘(hak we can, but in order to do this the
that you sign fhis RELEA im

WEIGHMASTER

i
and this supplier Irom any responsibility from damage that
may occur fo remise: or nt property.
buiidings, sidewalks, driveways, curbs, etc. by the delivery of
this material and that ou also agree to help him remove
mud from the wheels of his vehicle So that he will not iter e
public_streets. er as additional consideration; the
undersigned agrees to indemnify and hold harmiess the
driver of this truck and this supplier for any and all damage to

WILL NOT BE RESPONSIBLE FOR ANY DAMAGE
- @ premises and /or adjacen| properfy which may” be CAUSED WHEN DELIVERING INSIDE CURB LINE.
Vado it noL Responsible For Reacive Aggragate or Color Qually. No Claim Alloved Unlebs e by anyone to have arisen out of delivery of this order
Made at Time Material is Delivered SIGNED: LOAD RECEIVED BY
4152800 Service Charge and Loss of the Cash Discounted will be Colected on all Returnel
Checks. Demerge charge after 90 min. will b6 $100 00/ X
X

Surcharge for credit cards

NOTICE: MY SIGNATURE BELOW INDICATES THAT | HAVE READ THE HEALTH
WARNING NOTICE AND SUPPLIER
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CONCRETE COMPRESSIVE STRENGTH TEST REPORT

liferracon

Report Number: A1171057.0278

Service Date: 08/16/23 6198 Imperial Loop

Report Date: 10/04/23 College Station, TX 77845-5765
Task: PO# 618851 979-846-3767 Reg No: F-3272
Client Project

Texas Transportation Institute
Attn: Bill Griffith

TTI Business Office

3135 TAMU

College Station, TX 77843-3135

Riverside Campus
Riverside Campus
Bryan, TX

Project Number: A1171057

Material Information Sample Information

Specified Strength: 3,600 psi @ 28 days Sample Date: 08/16/23 Sample Time: 0830
Sampled By: Matcek, James
Mix ID: TXDOT 3600 Weather Conditions: Cloudy
Supplier: Texcrete Accumulative Yards: 4.0 Batch Size (cy): 4
Batch Time: 0734 Plant: Bryan Placement Method: Direct Discharge
Truck No.: 154 Ticket No.: 81626 Water Added Before (gal): 0
. Water Added After (gal): 0
Field Test Data Sample Location: Median Transition
lesk Result Specification Placement Location: Median Transition
Slump (in): 4172 Sample Description: 6-inch diameter cylinders
Air Content (%): 2.5
Concrete Temp. (F): 83
Ambient Temp. (F): 75
Plastic Unit Wt. (pcf): 148.2
Yield (Cu. Yds.}:
Laboratory Test Data
Age at Max Comp
Set Spec Cyl. Avg Diam. Area Date Date Test Load Strength Frac Tested
No. D Cond. (in) (sq in) Received Tested (days) {lbs}) {psi) Type By
1 A Good 6.02 28.46 10/04/23 49 F 124,710 4,380 6 JTE
1 B Good 6.02 28.46 10/04/23 49 F 115,550 4,060 6 JTE
1 C Good 6.02 28.46 10/04/23 49 F 129,100 4,540 6 JTE
1 D Good 6.02 28.46 10/04/23 49 F 127,400 4,480 2 JTE
Initial Cure: Outside in shade Final Cure: Field Cured

F = Field Cured
Note: Reported air content does not include Aggregate Correction Factor (ACF).

Comments:

Samples Made By: Terracon

Services: Cbtain samples of fresh concrete at the placement locations {(ASTM C 172), perform required field tests and cast, cure, and test
compressive strength samples (ASTM C 31, C 39, C 1231).

Terracon Rep.: Matcek, James

Reported To: Bill at TTL

Contractor: TT1

Report Distribution:

(1) Texas Transportation Institute, Bill Griffith (1) Texas Transpertation Institute, Adam
Mayer

Start/Stop: 0700-0930

Reviewed By: W

" Alexander Dunigan, P.E.
Project Manager

Test Methods: ASTM C 31, ASTM C143, ASTM C231, ASTM C1064

The tests were performed in general accordance with applicable ASTM, AASHTO, or DOT test methods. This report is exclusively for the use of the client indicated above and shall not be
reproduced except in full without the written consent of our company. Test results transmitted herein are only applicable to the actual samples tested at the location(s) referenced and
are not necessarily indicative of the properties of other apparently similar or identical materials.

CRODDI, 3-31-22, Rev.7 Page 1 of 1
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— i ferracon

Report Number: A1171057.0278

Service Date: 08/16/23 6198 Imperial Loop
Report Date: 10/04/23 College Station, TX 77845-5765
Task: PO# 618851 979-846-3767 Reg No: F-3272

?. |
- 5222 San, Point R|
~Byan, TX 77807 D.

18935 Cirlg ok
| Pinehurst TX 77365

(P1) Batch tickets

CT0001, 10-16-13, Rev.10 Page 1 of 1
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> Doc. No, Revision Date:
= Texas A&M
/‘ Transportation QF 7.3'01 Concrete le 73-01 2020-07-29
N Revised by: B.L. Griffith Revision: Page:
Quallty Form Approved by: D. L. Kuhn 7 1of1
Project No: 6518851 Casting Date: 9/18/2023 Mix Design (psi): 3600
Name of Technician Name of Technician
Taking Sample Terracon Breaking Sample Terracon
Signhature of Signature of
Technician Technician Breaking
Taking Sample Terracon Sample Terracon
Load No. Truck No. Ticket No. Location (from concrete map)
T1 Frank154 83138 100% of Barrier
Load No. Break Date Cylinder Age Total Load (lbs) Break (psi) Average
TR No. 618851-01-1 95 2024-01-11



TEACREYE

Rt mix (rnsnets Frmpang

. 5222 Sandy Point RD.
REMIT PAYMENT TO:
PO, BOX138 Bryan, TX 77807
KURTEN, TX 77862 18935 Circle Lake Dr.

Pinghurst, TX 77362

17634 SH 6 South
College Station, TX 77845

2687 HWY 105
Montgomery, TX 77333

BCS DISPATCH - 878-316-2906
PINEHURST DISPATCH - 836-232-3815
QFFICE - 878-885-36306

BLANT TRANSACTION:

DATE: 7 LoADe / YARES PEL. paTgHE [ WATER TRING L TICKET HGMBER
QUANTYTY. v UNITPRICE” - EXTENDED PRICE
LEFT PLANT ARRIVED-JOB START UNLOADING SLUMP CONCRETE TEMP. AR TEMP
.
FINISH UNLOADING LEFT JOB.- ARRIVED AT PLANT: ON SITE TESTING
TERRACCN
TESTING LAB:  GESSNER ADDITIONAL CHARGE 1
. CME OTHER .
TESTED - AR GYLINDERS' ADDITIONAL CHARGE 2
[dves' [lwo- GRAND TOTAL

WARNING -

IRRITATING TO THE SKIN AND EYES
Contains Portland Cement, Wear Rubber Boots and Gloves. PROLONGED
CONTACT MAY CAUSE BURNS. Avoid Contact With Eves and Prolonged
Cantact with Skin. In Cage of Contact with Skin or Eyes, Rinse Thoroughly With
Water. If Iitation Parsists. Get Madical Atention KEEP CHILDREN AWAY,
COMNCRETE 5 9 PERISHABLE COMMODITY ani BECOMES THE PROPERTY of the
PURCHASER LPON LEAVING the PLANT, ANY CHANGES or CANCELLATICN of
ORIGINAL INSTRUGTIONS #UST he TELEPHONED ko the OFFICE BEZORE LOADING
starts. The undersigned promises to pay al eosis, including reasonadle attoiney's fess
Incurred in collecting any sUms ovred,

Al accaunts —\m paid within 30 ays af delivery wil bear inzzrest at the rale of 18% p
jot Reaponsible Fur Reac[we Aggregate or Coior Quallty. He Clalm Alowied nless

hdade at me Matesdai |s red.

A §25,00 Saricn narge ;ma Lﬂss af the Gash Discounted will be Collesled on &l Retumed

Checks. D ", Gt

PROPERTY DAMAGE RELEASE
(TO BE SIGNED IF DELIVERY TQ BE MADE INS DE CURE LINE}

“~Dem Caulomer - The ver of s gl n prosantig this

e opiticn that e
passiny calise dimage o

EAS ignaturs is of the
and ot s by

Excessive Water is Detrimental ta Concrete Performange.
HQ Adced by Request/Autherized By:

GAL X,

the premises andior adjacent propery if he places &

rlulena\ In this. lad where you Jesina i I1 i or wish lo
help you in everpway that we can, bul i order te da this the
Uit & reuaeng thal you s this Rel Hliny

WEIGHMASTER

and tois sypplier Tom

any responsibiliy from damage -
lo the

?( rebuses Y of adfacent pro
mumngs Siceas, vauays, curbs, elc. oy i abiiver o
5 matefil and thal you aiso agres to hek him remcue
i o the whesls m‘ms Vehlnls kd nal i ol a0t [fier :hs
public sireets, sonsideration;
undels;?nsd agmas N ke ﬁy W e parier b
driver of this truck and *1\5 sunul\er fur any and all damage ta
the premiges and lo- adacent propery which may” be
S%m sd by anyone to Fava araen cut o BEveny of S reiar

! LOAD

NOTIC Y SN
WARNING NGTICE
CAUSED WHEN D

Surcharge for prodit cards

EELOW INDICATES THAT | HAVE READ THE
'PLIER WILL NOT BE RESPONSIBLE FOR ANY D.
R\NB INSIDE CURE LINE.

BBY . ..

IGNATUI

RECEIV
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CONCRETE COMPRESSIVE STRENGTH TEST REPORT

—
Report Number: A1171057.0280 - rerracon

Service Date: 09/18/23 6198 Imperial Loop
Report Date: 10/13/23 Revision 1 - Break Data College Station, TX 77845-5765
Task: PO# 618851 979-846-3767 Reg No: F-3272
Client Project
Texas Transportation Institute Riverside Campus
Attn: Bill Griffith Riverside Campus
TTI Business Office Bryan, TX
3135 TAMU
College Station, TX 77843-3135 Project Number: A1171057
Material Information Sample Information
Specified Strength: 3,500 psi @ 7 days Sample Date: 09/18/23 Sample Time: 0815
Sampled By: Colby Berger
Mix ID: TXC3600 Weather Conditions: Sunny
Supplier: Texcrete Accumulative Yards: 4/4 Batch Size (cy): 4
Batch Time: 0744 Plant: Placement Method: Direct Discharge
Truck No.: 154 Ticket No.: 175304 Water Added Before (gal): 10
. Water Added After (gal): 0
Field Test Data Sample Location: Median transition north west corner of
Test Result Specification runway
Slump (in): 51/2 Placement Location: Median transition
Air Content (%): 1.6 Sample Description: 6-inch diameter cylinders
Concrete Temp. (F): 86
Ambient Temp. (F): 71
Plastic Unit Wt. (pcf):
Yield (Cu. Yds.}:
Laboratory Test Data
Age at Max Comp
Set Spec Cyl. Avg Diam. Area Date Date Test Load Strength Frac Tested
No. D Cond. (in) (sq in) Received Tested (days) {lbs}) {psi) Type By
1 A Good 6.00 28.27 10/13/23 25 F 120,470 4,260 2 bD
1 B Good 6.00 28.27 10/13/23 25F 109,420 3,870 2 ]3]
1 C Good 6.00 28.27 10/13/23 25F 108,480 3,840 2 DD
1 D Hold
Initial Cure: Outside Plastic Lids Final Cure: Field Cured

Comments: Not tested for plastic unit weight. F = Field Cured
Note: Reported air content does not include Aggregate Correction Factor (ACF).

Samples Made By: Terracon

Services: Cbtain samples of fresh concrete at the placement locations {(ASTM C 172), perform required field tests and cast, cure, and test
compressive strength samples (ASTM C 31, C 39, C 1231).

Terracon Rep.: Colby Berger Start/Stop:
Reported To: Bill w/ TT1
Contractor: TTI

Report Distribution: revi 4 By:
(1) Texas Transportation Institute, Bill Griffith (1) Texas Transpertation Institute, Adam eviewe Y:

Mayer AlSxzrder DLyﬁgan, P.E.

Project Manager

Test Methods: ASTM C 31, ASTM C143, ASTM C231, ASTM C1064

The tests were performed in general accordance with applicable ASTM, AASHTO, or DOT test methods. This report is exclusively for the use of the client indicated above and shall not be
reproduced except in full without the written consent of our company. Test results transmitted herein are only applicable to the actual samples tested at the location(s) referenced and
are not necessarily indicative of the properties of other apparently similar or identical materials.

CRODDI, 3-31-22, Rev.7 Page 1 of 1
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APPENDIX C. MASH TEST 3-21 (CRASH TEST 618851-01-1)

C.1 VEHICLE PROPERTIES AND INFORMATION
Date: 2023-10-16 Test No.: 618851-01-1 VIN No.: 1CBRREFT4J5157433
Year: 2018 Make: RAM Model: 1500
Tire Size: 265/70 R 17 Tire Inflation Pressure: 35 psi
Tread Type: Highway Odometer: 118929
Note any damage to the vehicle prior to test:  None
et X
® Denotes accelerometer location. Fw_.
NOTES: None ] (——; I —

WHEEL
TRACK

Engine CID: 5.7 liter

S
T
|
——— Z———
;_I

M
Engine Type: V-8 i%mx

) M= E | —

TEST INERTIAL C. M.

Transmission Type:
Auto or [0 Manual

FWD [7] RWD _[] 4WD

Optional Equipment:

None B
%
Dummy Data: 1,H( %
Type:
Mass:

Seat Position:

Geometry: inches - - c - &l
A 78.50 F 40.00 K 20.00 P 3.00 U 26.75
B 74.00 G 28.62 L 30.00 Q 30.50 v 30.25
C 227.50 H 61.17 M 68.50 R 18.00 W
D 44.00 | 11.75 N 68.00 S 13.00 X 79.00
E 140.50 J 27.00 @) 46.00 T 77.00
Wheel Center Wheel Well Bottom Frame
Height Front 14.75 Clearance (Front) 6.00 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 +2 inches; C=237 +13inches; E=148 +12 inches; F=33 +3inches; G => 28inches; H =63 +4 inches; O=43 +4 inches; (M+N)2=67 +1 5inches
GVWR Ratings: Mass: Ib Curb Test Inertial Gross Static
Front 3700 Mrort 2940 2841 2841
Back 3900 Mrear 2086 2191 2191
Total 6700 Motal 5026 5032 5032
- TAllowable Range for TIM and G5 = 5000 Ib £110 Ib)
Mass Distribution:
b LF: 1430 RF: 1411 LR: 1108 RR: 1083

Figure C.1. Vehicle Properties for Test 618851-01-1.
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Date: 20231016 Test No.- 618851-01-1 VIN No. 1CBRREFT4JS157433

Year: 2018 Make: RAM Model: 1500

VEHICLE CRUSH MEASUREMENT SHEET!

Complete When Applicable
End Damage Side Damage

Undeformed end width Bowmg:B1 X1

Corner shift: Al B2 X2
A2

End shift at frame (CDC) Bowing constant
(check one) X1+ X2
< 4 inches T T —

= 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#t Field “ e e e G Ce =D
Number C-Measurements (CDC) Crush L**
1 AT FRONT BUMPER 19 14 44 - - - - - - -9
2 AT FRONT BUMPER 19 19 62 - - - - - - 74

Measurements recorded

inches or Dmm

1Table taken from National Accident Sampling System (NASS).

*dentify 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.

Figure C.2. Exterior Crush Measurements for Test 618851-01-1.
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Date: 2023-10-16 Test No.: 618851-01-1 VIN No.: 1CERREFT4JS157433
Year: 2018 Make: RAM Model: 1500
OCCUPANT COMPARTMENT
S 1 [] ) DEFORMATION MEASUREMI-ENT
. 7 Before After Differ.
\ (inches)

/ E|1 ez B3 B4 A1 65.00 64.00 -1.00
E A2 63.00 63.00 0.00
e | AV A3 65.50 65.50 0.00
B1 45.00 42.00 -3.00
B2 38.00 39.00 1.00
B3 45.00 45.00 0.00
B4 39.50 3875 -0.75
B5 43.00 43.00 0.00
B6 39.50 39.50 0.00
1 C1 26.00 14.50 -11.50
j C2 0.00 0.00 0.00
C3 26.00 26.00 0.00
D1 11.00 13.25 2.25
D2 0.00 0.00 0.00
D3 11.50 11.50 0.00
( . W E1 58.50 61.25 2.75
5a i 15E E2 63.50 65.75 2.25
—El-4— E3 63.50 63.50 0.00
i E4 63.50 63.50 0.00
— U — F 59.00 59.75 0.75
G 59.00 58.75 -0.25
H 37.50 36.50 -1.00
*Lateral area across the cab from driver's side [ 37.50 37.50 0.00
kickpanel to passenger’s side kickpanel. o >5.00 18.50 650

Figure C.3. Occupant Compartment Measurements for Test 618851-01-1.
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C.2. SEQUENTIAL PHOTOGRAPHS

(a) 0.000 s (b) 0.100 s

(c) 0.200 s (d) 0.300 s

(e) 0.400 s (f) 0.500 s

(9) 0.600 s (h) 0.700 s
Figure C.4. Sequential Photographs for Test 618851-01-1 (Overhead Views).
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(a) 0.000 s (b) 0.100 s

s ‘\k -

(c) 0.200 s (d) 0.300 s

o
-y

S

-

(9) 0.600 s (h) 0.700 s
Figure C.5. Sequential Photographs for Test 618851-01-1 (Frontal Views).
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C.3.

L

40

30

VEHICLE ANGULAR DISPLACEMENTS

Roll, Pitch and Yaw Angles

Angles (degrees)

-10

-30

05

— Roll  — Pitch — Yaw

Axes are vehicle-fixed.
Sequence for determining
orientation:

1. Yaw.

2. Pitch.

3. Roll

1
Tim

0 s
e (s)

Test Number: 618851-01-1

Test Standard Test Number: MASH Test 3-21
Test Article: Median Guardrail Transition to
Median F-Shape Barrier

Test Vehicle: 2018 RAM 1500

Inertial Mass: 5032 lbs

Gross Mass: 5032 Ibs

Impact Speed: 61.3 mi/h

Impact Angle: 25.0°

Figure C.6. Vehicle Angular Displacements for Test 618851-01-1.
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C.4. VEHICLE ACCELERATIONS
o

J“ Ly

X Acceleration at CG

| in
INAREYA
v

r|‘|"|‘lw"‘ |
i’ ‘

| .‘.'l.‘ .

20 1!

-10}--

Longitudinal Acceleration (g)

\|

% 05 ' 1.0

Time (s)

— Time of OIV (0.103s) —— SAE Class 60 Filter

15 ' ' T 20

Figure C.7. Vehicle Longitudinal Accelerometer Trace for Test 618851-01-1
(Accelerometer Located at Center of Gravity).

B0

Y Acceleration at CG

Lateral Acceleration (g)
=)

o 05 1.0
Time (s)

| — Time of OIV (0.103 5) SAE Class 60 Filter |

Figure C.8. Vehicle Lateral Accelerometer Trace for Test 618851-01-1
(Accelerometer Located at Center of Gravity).
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Z Acceleration at CG

e I
|
200
E ”H | l
5 10— '| A S W—
-y "
s ﬂuh“‘ YR
AT
% ‘ | ‘ “ \
3} i ‘
£ 1O e
S
20 I .................................................................................................................................................................................................................
-3 0?5 3_30 1_35 2.0
Time (s)
SAE Class 60 Filter |
Figure C.9. Vehicle Vertical Accelerometer Trace for Test 618851-01-1
(Accelerometer Located at Center of Gravity).
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