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DISCLAIMER

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

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

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

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

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

INTRODUCTION

Previous testing and evaluation of the Merritt Parkway Guiderail system with a 4-
inch curb resulted in unsatisfactory crashworthy performance (7) according to the
guidelines included in the American Association of State Highway and Transportation
Officials (AASHTO) Manual for Assessing Safety Hardware (MASH), Second Edition (2). The
Merritt Parkway Guiderail was assessed according to Test Level 3 (TL-3) evaluation criteria.
Ridedown accelerations above the MASH limits were observed in MASH Test 3-11. A
modification was made to the system by reducing the post spacing to 5 feet. The system
was found to be satisfactory for MASH TL-3. However, the 5 ft design modification was
evaluated without a curb and failed to meet the criteria for MASH Test 3-11. The ridedown
acceleration exceeded the MASH limits. It should be noted that a transition design
connecting the Merritt Parkway Guiderail to a concrete parapet was tested and evaluated
according to MASH TL-3 and was found to be satisfactory (7). Thus, the primary focus of
this project was the length-of-need section of the Merritt Parkway Guiderail design.

The objectives of this project were to:

1. Develop design concepts to improve the crashworthy performance of the
Merritt Parkway Guiderail

2. Evaluate the performance of the design concepts using computer
simulations. Identify a candidate design concept for further evaluation
through full-scale crash testing.

3. Conduct full-scale crash tests and evaluate the performance of the design
according to MASH TL-3.

This report presents the research efforts and findings for the design and evaluation
of the Merritt Parkway Guiderail system.
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cuapTeER 2.DESIGN ANALYSIS

This chapter presents the details of the modeling and simulation effort related to
the development and evaluation of the Merritt Parkway Guiderail system. Finite element
(FE) simulations were used as the primary tool to aid in the design and evaluation process.

2.1.  DESIGN CONCEPTS

Previous full-scale crash testing indicated unsatisfactory performance of the current
Merritt Parkway Guiderail system (7). The system failed MASH Test 3-11 due to excessive
longitudinal ridedown acceleration. The high ridedown acceleration occurred as the pickup
truck vehicle engaged the splice connection at the post.

Four design concepts were developed to improve the crashworthy performance of
the system. Each design was analyzed using finite element computer simulations. The
design concepts are summarized as follows:

e Addition of a rubrail. A 6-inch x 8-inch timber rail was added below the main rail.
The height to the top edge of the rubrail was 14 inches.
o Design Intent: Reduce potential for snagging and increase overall system
stiffness.
e Smaller steel posts. Reduce the steel post size to W6x9.
o Design Intent: Allow increased system deflection and reduce potential for
vehicle pocketing and snagging.
e Thicker splice plate. Increase the thickness of the splice plate to 1 inch. Previous
thickness was 3/8-inch.
o Design Intent: Reduce deflection of splice plate to reduce vehicle snagging
and accelerations.
e Front splice plate. Add splice plate to the front side of the timber rails.
o Design Intent: Reduce potential for vehicle snagging on front edges of timber
rails.

An initial focus was placed on evaluation of the design concepts with a 4-inch curb.
This was the configuration that failed MASH Test 3-11 due to excessive ridedown
acceleration and was considered the most critical configuration. If the design concept was
satisfactory, then additional evaluation would be considered for a no curb configuration.

2.2. MODEL

A finite model of each design concept was developed for evaluation through
computer simulations. Each model generally included the following components: steel
posts, steel-backed timber rail, timber blockouts, splice plate, guiderail bolts, and lag
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screws. The timber components were modeled using MAT_WOOD. The guiderail posts,
splice plates, and steel-backed plates were modeled using
MAT_SIMPLIFIED_JOHNSOON_COOK. At each lag screw location, the surrounding nodes
between the steel plate and timber rail were constrained using
CONTACT_TIED_NODES_TO_SURFACE. Figure 2.1 and Figure 2.2 show elevation and plan
views of the FE model. This model represents the original system prior to the integration of
the components for the four different design concepts. This model also includes a 4-inch
curb.

Figure 2.1. Elevation View of FE Model.

=

Figure 2.2. Plan View of FE Model.

2.3.  SIMULATIONS

Computer simulations were performed using the finite element method to evaluate
each design concept according to MASH Test 3-11. If the design concept was found to be
satisfactory for MASH Test 3-11, then additional simulations were conducted to evaluate the
performance according to MASH Test 3-10.

LS-DYNA, which is a commercially available general purpose FE software, was used
for all the finite element analyses. A 5,000-Ib Dodge Ram pickup truck vehicle model was
used for the MASH Test 3-11 computer simulations (Figure 2.3). A 2,425-Ib Toyota Yaris
small car vehicle model was used for the MASH Test 3-10 computer simulations (Figure 2.4).

The MASH Test 3-11 computer simulations were performed with an impact speed
and angle of 62 mi/h and 25 degrees. The critical impact location was 14 ft upstream from
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the centerline of post 7. This impact location was selected based on the previous testing of
the Merritt Parkway Guiderail system (7).

Figure 2.3. 2270P FE Vehicle Model.

Figure 2.4. 1100C FE Vehicle Model.

MASH Test 3-11 computer simulations were performed for all four design concepts.
Figure 2.5 through Figure 2.8 show sequential images for the simulation runs. Table 2.1
shows the occupant risk values for the simulation runs.

The rubrail and W6x9 (i.e., smaller posts) design concepts both indicated
unsatisfactory crashworthy performance due to vehicle rollover. The front splice plate
design concept indicated satisfactory crashworthy performance. The vehicle remained
stable throughout the simulation and the occupant risk results were below the MASH limits.
However, there was concern about the edge of the steel plate being exposed to the vehicle
if the timber rail were to sustain any fractures during impact. Thus, this design concept
was not considered for further evaluation. The 1-inch-thick splice plate design concept
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indicated satisfactory crashworthy performance. The vehicle remained stable throughout
the simulation and the occupant risk results were below the MASH limits.

0.8s 0.8s
Figure 2.5. Sequential Images for MASH Test 3-11 Simulation - Rubrail.
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0.8s 0.8s
Figure 2.6. Sequential Images for MASH Test 3-11 Simulation - W6x9 Posts.

0.0s

04s
T°
0.8s 0.8s
Figure 2.7. Sequential Images for MASH Test 3-11 Simulation - Front Splice

Plate.

0.8s 0.8s
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Figure 2.8. Sequential Images for MASH Test 3-11 Simulation - 1 inch Thick

Table 2.1. Occupant Risk Values for Design Concepts.

Splice Plate.

Rubrail W6xO Posts Front Splice 1in Splice
Plate Plate
OlV, Longitudinal (ft/s) 20.5 17.4 17.4 18.1
OlV, Lateral (ft/s) 22.2 19.8 21.3 21.0
RDA, Longitudinal (g) 13.5 8.2 11.6 9.9
RDA, Lateral (g) 12.9 9.2 12.5 12.5
Roll (deg) 59.8 134.2 45.7 33.1
Pitch (deg) 45.8 40.1 27.1 14.6
Yaw (deg) 38.1 37.3 41.8 40.2

The design concept with the 1-inch splice indicated the best crashworthy
performance. This concept was further evaluated for MASH Test 3-10 and for MASH TL-3
evaluation with a no curb configuration.

In all three computer simulations, the system with a 1-inch-thick splice plate
indicated satisfactory performance. Thus, the design concept with the 1-inch-thick splice
plate was considered for further evaluation through full-scale crash testing. Chapter 3
through Chapter 6 presents details of the system, test procedures, and crash test results.
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CHAPTER 3.

SYSTEM DETAILS

3.1. TEST ARTICLE AND INSTALLATION DETAILS

3.1.1. Test 620061-01-2

The Merritt Parkway Guiderail test installation for crash test 620061-01-2 was a
roadside safety barrier system incorporating galvanized (except for the section above
ground) steel posts, timber rails, an anchor block, and a concrete parapet. The total
installation length was 166 feet, divided into three primary segments: the Anchor Section,
the Length of Need (LON), and the Transition Section.

The Anchor Section spanned 29 feet and 3 inch, beginning at the anchor block and
extending to Post 3. It tapered up from the ground at the anchor block to a nominal height
of 30 inches, which continued throughout the rail system. It also flared laterally toward the
traffic side to a final offset of 34-1/4 inches from the front face of the rail at the LON.

The Length of Need was the primary segment, extending 100 feet and comprising
10 posts spaced at 10-foot intervals. This section used standard timber rails and galvanized
(expect for the section above ground) steel posts with consistent connection details.

A 50-foot-long cast-in-place concrete curb was installed along the LON, centered
between Posts 5 and 10. The curb measured 26 inches in width and 12 inches in thickness,
with an integrated 4-inch-tall by 5-3/4-inch-wide raised curb on the side closest to the
traffic rail, extending above grade. The base edge of the raised curb was positioned 12
inches from the traffic-side face of the timber rail. The curb was constructed from 4,000 psi
concrete and reinforced.

The Transition Section measured 20 feet, bridging the LON and the concrete
parapet. It included specialized transition rails and backup plates, and had varied post
spacing spanning Posts 13 through 19. At the Transition Section, ten curb sections were
tapered across a length of 19 ft from ground level up to a height of 8 inches at the concrete
parapet.

A reinforced concrete parapet was also constructed as part of the installation. This
parapet was built using high-strength concrete and reinforced with multiple layers of steel
rebar. It included embedded anchor bolts and epoxy anchorage, with standard concrete
cover and chamfered edges to meet structural and safety requirements.

Figure 3.1 presents the overall information on the Merritt Parkway Guiderail, and
Figure 3.2 thru Figure 3.7 provide photographs of the installation. A.1 provides further
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details on the Merritt Parkway Guiderail for Test 620061-01-2. Drawings were provided by
the Texas A&M Transportation Institute (TTI) Proving Ground, and construction was
performed by TTI Proving Ground personnel.

3.1.2. Tests 620061-01-1&3

For crash tests 620061-01-1 and 620061-01-3, the test installation incorporated
several modifications to the original 620061-01-2 configuration. The Anchor Section was
slightly extended to 29 feet 1% inches, and the Length of Need began at the joint between
Posts 3 and 4, utilizing a bent splice plate at that location. While the LON retained its 100-
foot span, the post layout was revised to include only nine 10-foot spaces. Additionally, the
depth of backfill behind the posts located in front of the curb section increased from 16
inches to 17 inches. All other elements of the installation, including materials, curb and
parapet construction, and connection details, remained the same as in test 620061-01-2.

Figure 3.8 presents the overall information on the Merritt Parkway Guiderail, and
Figure 3.9 thru Figure 3.14 provide photographs of the installation. A.2 provides further
details on the Merritt Parkway Guiderail for Tests 620061-01-1&3. Drawings were provided
by the Texas A&M Transportation Institute (TTI) Proving Ground, and construction was
performed by TTI Proving Ground personnel.

3.1.3. Test 620061-01-4

For crash test 620061-01-4, all elements of the installation remained the same as
test 620061-01-1 and 620061-01-3, except for the curb which was removed creating a
consistent rail height of 30 inches throughout the LON and transition.

Figure 3.15 presents the overall information on the Merritt Parkway Guiderail, and
Figure 3.16 thru Figure 3.21 provide photographs of the installation. A.3 provides further
details on the Merritt Parkway Guiderail for Test 620061-01-4. Drawings were provided by
the Texas A&M Transportation Institute (TTI) Proving Ground, and construction was
performed by TTI Proving Ground personnel.

3.1.4. Tests 620061-01-5&6

For crash test 620061-01-5 and 620061-01-6, a rub rail was added below the traffic
rail along the LON that was composed of timber and steel backup plates as used in the
traffic rail. All other elements of the installation, including materials, curb and parapet
construction, and connection details, remained the same as in test 620061-01-4.

Figure 3.22 presents the overall information on the Merritt Parkway Guiderail, and
Figure 3.23 thru Figure 3.28 provide photographs of the installation. A.4 provides further
details on the Merritt Parkway Guiderail for Tests 620061-01-5&6. Drawings were provided
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by the Texas A&M Transportation Institute (TTI) Proving Ground, and construction was
performed by TTI Proving Ground personnel.

3.2.  DESIGN MODIFICATIONS DURING TESTING

No modifications were made to the test installation during the testing phase other
than the ones described previously.
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Figure 3.1. Details of Merritt Parkway Guiderail for Test 620061-01-2.



Figure 3.2. Merritt Parkway Guiderail Test Installation prior to Test 620061-01-
2.

Figure 3.3. Merritt Parkway Guiderail Oblique Downstream View of Test
Installation prior to Test 620061-01-2.
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Figure 3.4. Merritt Parkway Guiderail Traffic Side View of Joint between Posts
7 and 8 prior to Test 620061-01-2.

Figure 3.5. Merritt Parkway Guiderail Field Side Oblique Downstream View of
Test Installation prior to Test 620061-01-2.
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Figure 3.7. Merritt Parkway Guiderail Downstream In-Line View of Test
Installation prior to Test 620061-01-2.
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Figure 3.9. Merritt Parkway Guiderail Test Installation prior to Tests 620061-
01-1&3.

Figure 3.10. Merritt Parkway Guiderail Oblique Downstream View of Test
Installation prior to Tests 620061-01-1&3.

TR No. 620061-01-1:6 17 2025-10-01



Figure 3.11. Merritt Parkway Guiderail Traffic Side View of Joint at Midspan
between Posts 7 and 8 prior to Tests 620061-01-1&3.

g =¥ # - 3 o - : 2 &

Figure 3.12. Merritt Parkway Guiderail Field Side View of Joint at Midspan
between Posts 7 and 8 prior to Tests 620061-01-1&a3.
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Figure 3.13. Merritt Parkway Guiderail Downstream In-Line View of Test
Installation prior to Tests 620061-01-1&3.

Figure 3.14. Merritt Parkway Guiderail Field Side Downstream View of Test
Installation prior to Tests 620061-01-1&3.
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Figure 3.15. Details of Merritt Parkway Guiderail for Test 620061-01-4.



Figure 3.16. Merritt Parkway Guiderail Test Installation prior to Test 620061-
01-4.

Figure 3.17. Merritt Parkway Guiderail Oblique Downstream View of Test
Installation prior to Tests 620061-01-1&3.
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Figure 3.18. Merritt Parkway Guiderail Traffic Side View of Joint at Midspan
between Posts 7 and 8 prior to Test 620061-01-4.

o x5 . 3 PR RSN o S e N . -
Figure 3.19. Merritt Parkway Guiderail Field Side View of Joint at Midspan
between Posts 7 and 8 prior to Test 620061-01-4.
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Figure 3.20. Merritt Parkway Guiderail Downstream In-Line View of Test
Installation prior to Test 620061-01-4.

e

Figure 3.21. Merritt Parkway Guiderail Field Side Downstream View of Test
Installation prior to Test 620061-01-4.
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Figure 3.22. Details of Merritt Parkway Guiderail for Test 620061-01-5&6.
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Figure 3.23. Merritt Parkway Guiderail Test Installation prior to Tests 620061-
01-5&6.

Figure 3.24. Merritt Parkway Guiderail Oblique Downstream View of Test
Installation prior to Tests 620061-01-1&3.
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Figure 3.25. Merritt Parkway Guiderail Traffic Side View of Joint at Midspan
between Posts 7 and 8 prior to Tests 620061-01-5&6.

Figure 3.26. Merritt Parkway Guiderail Field Side View of Joint at Midspan
between Posts 7 and 8 prior to Tests 620061-01-5&6.

TR No. 620061-01-1:6 26 2025-10-01



Figure 3.27. Merritt Parkway Guiderail Downstream In-Line View of Test
Installation prior to Tests 620061-01-5&6.

$

Figure 3.28. Merritt Parkway Guiderail Field Side Upstream View of Test
Installation prior to Tests 620061-01-5&6.
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3.3.  MATERIAL SPECIFICATIONS

Appendix B provides material certification documents for the materials used to
install/construct the Merritt Parkway Guiderail. Table 3.1 shows the average compressive
strengths of the concrete on the day of the test 1/13/2025.

Table 3.1. Concrete Strength.

Design Avg. Age
Location Strength Strength & Detailed Location
. . (days)
(psi) (psi)
100% of deck 3600 5103 71 100% of deck
100% of parapet 3600 4557 60 100% of parapet
100% of curb 4000 7703 56  100% of curb

3.4.  SOIL CONDITIONS

The test installation was installed in standard soil meeting Type 1 Grade D 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 Merritt Parkway Guiderail for full-scale crash testing,
two 6-ft long W6x16 posts were installed in the immediate vicinity of the Merritt Parkway
Guiderail using the same fill materials and installation procedures used in the test
installation and the standard dynamic test.

On the day of Test 620061-01-2, 9/10/2024, loads on the post at deflections are
shown in Table 3.2. The backfill material in which the Merritt Parkway Guiderail was
installed met minimum MASH requirements for soil strength. A reading was not taken at 15
inches of displacement as the load at 10 inches exceeded 10,000 pounds.

Table 3.2. Soil Strength for Test 620061-01-2.

Displacement Minimum Load Actual Load
(inches) (Ib) (Ib)
5 4420 8400
10 4981 >11,000
15 5282

On the day of Test 620061-01-1, 1/13/2025, loads on the post at deflections are
shown in Table 3.3. The backfill material in which the Merritt Parkway Guiderail was
installed met meet minimum MASH requirements for soil strength.
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Table 3.3. Soil Strength for Test 620061-01-1.

Displacement Minimum Load Actual Load
(inches) (Ib) (Ib)
5 4420 4424
10 4981 5788
15 5282 7182

On the day of Test 620061-01-3, 1/17/2025, loads on the post at deflections are
shown in Table 3.4. The backfill material in which the Merritt Parkway Guiderail was
installed met minimum MASH requirements for soil strength.

Table 3.4. Soil Strength for Test 620061-01-3.

Displacement Minimum Load Actual Load
(inches) (Ib) (Ib)
5 4420 5393
10 4981 5727
15 5282 5939

On the day of Test 620061-01-4, 1/17/2025, loads on the post at deflections are
shown in Table 3.5. The backfill material in which the Merritt Parkway Guiderail was
installed met minimum MASH requirements for soil strength.

Table 3.5. Soil Strength for Test 620061-01-4.

Displacement Minimum Load Actual Load
(inches) (Ib) (Ib)
5 4420 6454
10 4981 8757
15 5282 10,363

On the day of Test 620061-01-5, 1/17/2025, loads on the post at deflections are
shown in Table 3.6. The backfill material in which the Merritt Parkway Guiderail was
installed met minimum MASH requirements for soil strength.

Table 3.6. Soil Strength for Test 620061-01-5.

Displacement Minimum Load Actual Load
(inches) (Ib) (Ib)
5 4420 7181
10 4981 8575
15 5282 8789
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On the day of Test 620061-01-6, 5/5/2025, loads on the post at deflections are
shown in Table 3.7. The backfill material in which the Merritt Parkway Guiderail was
installed met minimum MASH requirements for soil strength.

Table 3.7. Soil Strength for Test 620061-01-6.

Displacement Minimum Load Actual Load
(inches) (Ib) (Ib)
5 4420 6300
10 4981 7400
15 5282 8600
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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 Barriers.

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

Impact Impact

.TeSt . Test Vehicle Speed Angle Evaluation Criteria
Designation . o
(mi/h) ()
3-10 1100C 62 25 A D, F H,I
3-11 2700P 62 25 A D, F H,I

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

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

Factors

Evaluation Criteria

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.

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.

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

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.

TR No. 620061-01-1:6

32

2025-10-01



CHAPTER 5.

TEST CONDITIONS

5.1.  TEST FACILITY

The full-scale crash tests reported herein were 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 tests were
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 1100C and 2270P vehicles, 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.
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9.3.  DATA ACQUISITION SYSTEMS

9.3.1. Vehicle Instrumentation and Data Processing

Each test vehicle was instrumented with a self-contained onboard data acquisition
system. The signal conditioning and acquisition system is a multi-channel data acquisition
system (DAS) produced by Diversified Technical Systems Inc. The accelerometers, which
measure the x, y, and z axis of vehicle acceleration, are strain gauge type with linear
millivolt output proportional to acceleration. Angular rate sensors, measuring vehicle roll,
pitch, and yaw rates, are ultra-small, solid-state units designed for crash test service. The
data acquisition hardware and software conform to the MASH recommended version of
SAE J211, Instrumentation for Impact Test. Each of the channels 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 ENDEVCOO 2901
precision primary vibration standard. This standard and its support instruments are
checked annually and receive a calibration traceable to the International System of Units
(SI). Measurement Uncertainties have been determined for critical parameters involved in
this testing, and are available upon request by the Sponsor.

TRAP uses the DAS-captured data to compute the occupant to vehicle contact
impact velocities, time of occupant to vehicle contact after vehicle impact, and highest
10-millisecond (ms) average ridedown acceleration. TRAP calculates change in vehicle
velocity at the end of a given impulse period. In addition, maximum average accelerations
over 50-ms intervals in each of the three directions are computed. For reporting purposes,
the data from the vehicle-mounted accelerometers are filtered with an SAE Class 180-

Hz low-pass digital filter, and acceleration versus time curves for the longitudinal, lateral,
and vertical directions are plotted using TRAP.

TRAP uses the data from the yaw, pitch, and roll rate transducers to compute
angular displacement in degrees at 0.0001-s intervals, and then plots yaw, pitch, and roll
versus time. These displacements are in reference to the vehicle-fixed coordinate system
with the initial position and orientation being initial impact. Measurement Uncertainties
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have been determined for critical parameters involved in this testing, and are available
upon request by the Sponsor.

9.3.2. Anthropomorphic Dummy Instrumentation

An Alderson Research Laboratories Hybrid I, 50th percentile male anthropomorphic
dummy, restrained with lap and shoulder belts, was placed in the front seat on the impact
side of the 1100C vehicle. The dummy was not instrumented.

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

9.3.3. Photographic Instrumentation Data Processing

Photographic coverage of each test included three digital high-speed cameras:

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

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

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

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

6.

MASHTEST 3-11 (CRASH TEST 620061-01-2)

6.1.  CRITICAL IMPACT POINT LOCATION

The Critical Impact Point (CIP) for this test was 168 inches (14ft) upstream from the
centerline of post 7 at 25 degrees. The target CIP for this test was determined using the

information provided

in MASH Section 2.2.1 and MASH Section 2.3.2. Figure 6.1 shows the

target CIP for Test 620061-01-2. Figure 6.2 and Figure 6.3 depict the vehicle at the CIP prior

to Test 620061-01-2.

12 M 10 9 8 7 6 S 4 3 2 1

Y P S |
- 2 !
\\
168" [14.0ft] —\at— S 25°
3-11 \,/
e
Figure 6.1. Target CIP for Test 620061-01-2.
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Figure 6.3. Merritt Parkway Guiderail/Test Vehicle Impact Location
620061-01-2.
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6.2.  TEST VEHICLE DETAILS PRIOR TO IMPACT

Table 6.1 shows the vehicle measurements. Figure 6.4 and Figure 6.5 show the 2018
RAM 1500 used for the crash test. Figure C.1in Appendix C.1 gives additional dimensions
and information on the vehicle.

Table 6.1. Vehicle Measurements for Test 620061-01-2.

Test Parameter Specification Tolerance Measured
Dummy Mass (if applicable)?(Ib) 165 N/A N/A
Inertial Mass (Ib) 5000 +110 5048
Gross Static® Mass (Ib) 5000 +110 5048
Wheelbase (inches) 148 +12 140.5
Front Overhang (inches) 39 +3 40.3
Overall Length (inches) 237 +13 229.0
Overall Width (inches) 78 +2 78.5
Hood Height (inches) 43 +4 46.0
Track Width® (inches) 67 +1.5 68.3
CG aft of Front Axle¢ (inches) 63 +4 61.5
CG above Ground® (inches) 28 28 28.5

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

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

® Average of front and rear

axles.

¢ For test inertial mass.

4 2270P vehicle must meet minimum CG height requirement.
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Figure 6.5. Opposite Impact Side of Test Vehicle before Test 620061-01-2.

TR No. 620061-01-1:6 39 2025-10-01



6.3.  TEST DESCRIPTION

6.3.1. Weather Conditions

Table 6.2 provides the weather conditions for Test 620061-01-2.

Table 6.2. Weather Conditions for Test 620061-01-2.

Date of Test 9/10/2024
Wind Speed 8 mi/h
Wind Direction 56°
Temperature 84°F
Relative Humidity 58 %
Vehicle Traveling 195°

6.3.2. Test Events

Table 6.3 lists events that occurred during Test 620061-01-2. The figures in Appendix
C.2 present sequential photographs during the test.

Table 6.3. Events during Test 620061-01-2.

Time Events

(seconds)

-0.0012 Impact with Curb

0.0000 Vehicle impacted the installation

0.0300 Post 6 began to move toward field side

0.0420 Vehicle began to redirect

0.0680 Post 7 began to move toward field side

0.2330 Rear drivers side tire began to lift off pavement
0.3930 Vehicle was parallel with installation
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6.4. TEST ACTUAL IMPACT CONDITIONS

Table 6.4 lists the details of the MASH impact conditions for this test and Table 6.5
lists the exit parameters.

Table 6.4. Impact Conditions for MASH TEST 3-11, Crash Test 620061-01-2.

Test Parameter Specification Tolerance Measured
Impact Speed (mi/h) 62 +2.5 63.6
Impact Angle (°) 25 +1.5 25.0
Impact Severity (kip-ft) 106 >106 125.0
168 inches 171.1 inches
, +1 foot
Impact Location upstream from the upstream from the

(12 inches)

centerline of post 7 centerline of post 7.

Table 6.5. Exit Parameters for MASH TEST 3-11, Crash Test 620061-01-2.

Exit Parameter Measured

Speed Out of frame
Trajectory Out of frame
Heading Out of frame

Brakes applied post impact Brakes not applied

96 ft downstream of impact point

Vehicle at rest position 3 ft to the traffic side

Comments: Vehicle remained upright and stable.
The vehicle met the exit box criteria®

aPer the MASH guidelines in Section 5.2.3, the exit box for the 2270P used in this test was 16.8 ft
toward the traffic side as measured from the traffic side face of the rail and 32.8 ft downstream
from loss of contact.
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6.5. DAMAGE TO TEST INSTALLATION

The rail between posts 5 and 6 split, with multiple places gouged and scuffed. The
rail between posts 6 and 7 shattered and was heavily damaged, with the backing plate
deformed. The splice plate at post 7 was deformed. The upstream rail at the joint between
post 7 and 8 was splintered and gouged. At the upstream end of post 7, the tire snagged
and tore off.

Table 6.6 describes the damage to the test installation and Table 6.7 describes the
deflection and working width of the Merritt Parkway Guiderail. Figure 6.6 and Figure 6.7

show the damage to the Merritt Parkway Guiderail.

Table 6.6. Damage to the Merritt Parkway Guiderail for Test 620061-01-2.

Soil Ga Post Lean
Post # (InchesF; (Degrees) Comments
2 Soil Disturbed
3 Soil Disturbed
4 Soil cracking, 0.5
traffic side
5 03 trafficside, 1 883 fieldside -
upstream
6 Gravel blown out 75.3 field side Blockout was split
7 5-field side 732fieldside  DlOCkOUt SPIL postwas twisted
counterclockwise
3 0.3 field side, 0.5 39 field side
upstream-
9 0.1 field side 89.7 field side
10 Soil disturbed
11-18 No movement No lean

Table 6.7. Deflection and Working Width of the Merritt Parkway Guiderail for Test

Test Parameter

620061-01-2.

Measured

Permanent
Deflection/Location

21 inches toward field side, 45 inches upstream of

centerline of post 7

Dynamic Deflection

48.7 inches on the rail between posts 6 and 7

Working Width® and Height

48.7 inches, at a height of 30 inches at the top of the rail

@ 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
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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.

Figure 6.6. Merritt Parkway Guiderail at Impact Location after Test
620061-01-2.

Figure 6.7. Merritt Parkway Guiderail In-Line Downstream View after Test
620061-01-2.
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6.6. DAMAGE TO TEST VEHICLE

Figure 6.8 and Figure 6.9 show the damage sustained by the vehicle. Figure 6.10 and
Figure 6.11 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. Figure C.2 and
Figure C.3 in Appendix C.1 provide exterior crush and occupant compartment
measurements.

Figure 6.8. Impact Side of Test Vehicle after Test 620061-01-2.

3 Rt R o

Figure 6.9. Rear Impact Side of Test Vehicle after Test 620061-01-2.
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Figure 6.11. Interior of Test Vehicle on Impact Side after Test 620061-01-2.
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Table 6.8. Occupant Compartment Deformation for Test 620061-01-2.

Test Parameter Spgcification Measured
(inches) (inches)
Roof <4.0 0.0
Windshield <3.0 0.0
A and B Pillars <5.0 overall/<3.0 lateral 0.0
Foot Well/Toe Pan <9.0 1.8
Floor Pan/Transmission Tunnel <12.0 0.0
Side Front Panel <12.0 2.3
Front Door (above Seat) <9.0 0.0
Front Door (below Seat) <12.0 0.0

Table 6.9. Exterior Vehicle Damage for Test 620061-01-2.

Test Parameter

Details

Side Windows Remained intact
Maximum Exterior Deformation 20 inches at front bumper
VDS O0TRFQ5

CDbC 01FREE5

Fuel Tank Damage None

Description of Damage to Vehicle:

Both headlights were fractured and the grill, bumper,
hood, fender, radiator, and support were damaged,
and the control arm was fractured. The left front
frame was bent and the right front tire and wheel
were separated. The right front door was scraped and
dented and the lower portion deformed and created
an 8-inch long x 7.5-inch wide hole where the floor
pan was visible and elements of the test article had
penetrated through. The right front door also had a
5.5-inch gap at the top, and its side view mirror was
dislodged.
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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.8 in Appendix C.3 shows the vehicle angular
displacements, and Figure C.7 through Figure C.9 in Appendix C.4 show acceleration versus
time traces.

Table 6.10. Occupant Risk Factors for Test 620061-01-2.

Test Parameter Specification ® Measured Time

OlV, Longitudinal (ft/s) <40.0 22.8 0.1539 seconds on right side of
30.0 interior

OlV, Lateral (ft/s) <40.0 13.4 0.1539 seconds on right side of
30.0 interior

Ridedown, Longitudinal <20.49 16.2 0.1907 - 0.2007 seconds

(8) 15.0

Ridedown, Lateral (g) <20.49 8.5 0.1539 - 0.1639 seconds
15.0

Theoretical Head N/A 7.3 0.1471 seconds on right side of

Impact Velocity (THIV) interior

(m/s)

Acceleration Severity N/A 1.1 0.1842 - 0.2342 seconds

Index

50-ms Moving Avg.

Accelerations (MA) N/A -11.2 0.1708 - 0.2208 seconds

Longitudinal (g)

50-ms MA Lateral (g) N/A -6 0.1400 - 0.1900 seconds

50-ms MA Vertical (g) N/A 2.9 0.2470 - 0.2970 seconds

Roll (°) <75 14.9 0.7883 seconds

Pitch (°) <75 8.5 0.5092 seconds

Yaw (°) N/A 41.1 0.8465 seconds

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

6.8. TEST SUMMARY

Figure 6.12 summarizes the results of MASH Test 3-11 (Test 620061-01-2).
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GENERAL INFORMATION . . 96 ft downstream
Stopping Distance:

Test Agency: Texas A&M Transportation Institute (TTI) 3 ft to the traffic side
Test Standard/Test No.:  MASH 2016, Test 3-11
Project No.: 620061-01-2 Dynamic: 48.7 inches
Test Date: 9/10/2024 Permanent: 21 inches
TEST ARTICLE Working Width: 48.7 inches

Type:  longitudinalBarrier ~ Working Width Height: 30.00 inches
Name: Merritt Parkway Guiderail VEHICLE DAMAGE
Length: 166 feet VDS: 01RFQ5
Key Materials: Weathering steel, commercial lumber grade No.1, galvanized CDC: : : 01 EREES

) steel Max Exterior Deformation: 20 inches at front bumper
Soil Type and Condition:  Type D grade 1 crushed concrete road base, damp Max Occupant Compartment 2.3 inches in the side front panel
peformation:
Type/Designation: 2270P
Year, Make and Model: 2018 RAM 1500 Longitudinal OIV: 22.8 ft/s
Inertial Mass: 5048 Ib Lateral OIV: 13.4ft/s
Dummy Mass: N/A Ib Longitudinal Ridedown: 16.2g
Gross Static Mass: 5048 Ib Lateral Ridedown: 85g
THIV 73mis
Impact Speed: 63.6 mi’h ASI: 1.1
Impact Angle: 25.0° Max 50ms Longitudinal: -11.2g
Impact Location: 171.1 inches upstream from the centerline of post 7 Max 50ms Lateral: -6g
Impact Severity: 125.0 kip-ft Max 50ms Vertical: 29g
ax Roll: 149°
Exit Speed: Out of frame Max Pitch: 8.5°
Trajectory/Heading Angle: Out of frame Max Yaw: 41.1°
Exit Box Criteria: The vehicle met the exit box criteria

Impact Angle e
[E A

Exit Angle Box

g X

Figure 6.12. Summary of Results for MASH Test 3-11 (Test 620061-01-2) on Merritt Parkway Guiderail.



cuapTer 7.DESIGN ANALYSIS — PART II

The design concept that incorporated 1-inch-thick splice plates was evaluated with
full-scale crash testing. The system failed to meet the criteria for MASH Test 3-11. The
leading edge of the pickup truck impact side door snagged on the rail element and peeled
the edge backwards. This exposed a large hole that allowed pieces of the timber rail to
penetrate into the occupant compartment.

The snagging of the pickup truck door on the rail occurred near the joint location at
post 7. Figure 7.1 shows the rail deflection profile as the pickup truck vehicle is being
redirected after impact. This joint displacement presented edges of the rail that snagged
on the pickup truck vehicle door.

To counteract this snagging effect, an alternative design was considered that moved
the joint and splice connection to midspan between the posts. The goal of this design
change was to allow for a smoother deflection profile that would reduce vehicle pocketing
and snagging behavior.

Figure 7.1. Rail Displacement at Post 7 in Crash Test 620061-01-2.

Using the FE model developed in Chapter 2, computer simulations were performed
to evaluate this alternative design. The 1-inch-thick splice plates were incorporated into
the model along with moving the joint to midspan between posts. Figure 7.2 and Figure 7.3
show elevation and plan views of the FE model.
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Figure 7.2. Elevation View of FE Model.

Figure 7.3. Plan View of FE Model.

The alternative design was evaluated according to MASH Test 3-11 with computer
simulations. The system was impacted with the 2270P vehicle at an impact speed and
angle of 62 mi/h and 25 degrees. The critical impact location was 14 ft upstream from the
centerline of the joint between posts 7 and 8. This impact location aligns with the CIP used
for Test 620061-01-2.

Figure 7.4 shows sequential images for the simulation run. Table 7.1 shows the
occupant risk values for the simulation run compared to the previous design. The occupant
risk values were similar when comparing the two simulation outputs for the systems.
Figure 7.5 shows the rail deflection profile as the vehicle is being redirected and is
beginning to engage the critical joint between posts 7 and 8. The alternative design
indicated improved deflection and less relative displacement of the rails at the splice joint
in comparison to the crash tested system (see Figure 7.1).

Installation details for the alternative design were finalized, and the system was
constructed and evaluated through full-scale crash testing. This evaluation is described in
Chapters 8 and 9.
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Figure 7.4. Sequential Images for MASH Test 3-11 Simulation - Splice at

Midspan.
Table 7.1. Occupant Risk Comparison for Design Concepts.

1in Splice 1in Splice

Plate - at Plate - at

Post Midspan
OlV, Longitudinal (ft/s) 18.1 14.9
OlV, Lateral (ft/s) 21.0 20.9
RDA, Longitudinal (g) 9.9 7.7
RDA, Lateral (g) 12.5 13.6
Roll (deg) 33.1 19.1
Pitch (deg) 14.6 21.1
Yaw (deg) 40.2 56.0
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Figure 7.5. Rail Deflection Profile as Truck Engages CIP Joint.
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CHAPTER 8.

MASHTEST 3-11 (CRASH TEST 620061-01-1)

8.1.  CRITICAL IMPACT POINT LOCATION

The Critical Impact Point (CIP) for this test was 168 inches (14ft) upstream from the
centerline of the joint between posts 7 and 8 at 25 degrees. The target CIP for this test was
determined using the information provided in MASH Section 2.2.1 and MASH Section 2.3.2.
Figure 8.1 shows the target CIP for Test 620061-01-1. Figure 8.2 and Figure 8.3 depict the
vehicle at the CIP prior to Test 620061-01-1.

10 9 8 7 6 5 4 3 2

L A |

= A

! -~
%—J -
140" T~
25

o

3-11
Figure 8.1. Target CIP for Test 620061-01-1.

Figure 8.2. Merritt Parkway Guiderail/Test Vehicle Geometrics for Test
620061-01-1.
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Figure 8.3. Merritt Parkway Guiderail/Test Vehicle Impact Location for Test
620061-01-1.

8.2.  TEST VEHICLE DETAILS PRIOR TO IMPACT

Table 8.1 shows the vehicle measurements. Figure 8.4 and Figure 8.5 show the 2019
RAM 1500 used for the crash test. Figure D.1 in Appendix D.1 gives additional dimensions
and information on the vehicle.

Table 8.1. Vehicle Measurements for Test 620061-01-1.

Test Parameter Specification Tolerance Measured
Dummy Mass (if applicable)®(Ib) 165 N/A N/A
Inertial Mass (Ib) 5000 +110 5026
Gross Static? Mass (Ib) 5165 +110 5026
Wheelbase (inches) 148 +12 140.5
Front Overhang (inches) 39 +3 40.3
Overall Length (inches) 237 +13 229.0
Overall Width (inches) 78 +2 78.5
Hood Height (inches) 43 14 46.0
Track Width® (inches) 67 +1.5 68.3
CG aft of Front Axle¢ (inches) 63 +4 60.8
CG above Ground<? (inches) 28 28 28.5

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

4 2270P vehicle must meet minimum CG height requirement.

Figure 8.5. Impact Side Rear View of Test Vehicle before Test 620061-01-1.
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8.3.  TEST DESCRIPTION

8.3.1. Weather Conditions

Table 8.2 provides the weather conditions for Test 620061-01-1.

Table 8.2. Weather Conditions for Test 620061-01-1.

Date of Test 1/13/2025
Wind Speed 6 mi/h
Wind Direction 40°
Temperature 49°F
Relative Humidity 62 %
Vehicle Traveling 195°

8.3.2. Test Events

Table 8.3 lists events that occurred during Test 620061-01-1. The figures in Appendix
D.2 present sequential photographs during the test.

Table 8.3. Events during Test 620061-01-1.

Time Events

(seconds)

0.0000 Vehicle impacted the installation

0.0170 Post 6 began to move

0.0450 Vehicle began to redirect

0.1890 Front left tire lost contact with the pavement
0.2130 Rear left tire lost contact with the pavement
0.3190 Vehicle was parallel with installation

0.6090 Vehicle exited the installation

8.4.  TEST ACTUAL IMPACT CONDITIONS

Table 8.4 lists the details of the MASH impact conditions for this test and Table 8.5
lists the exit parameters.
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Table 8.4. Impact Conditions for MASH TEST 3-11, Crash Test 620061-01-1.

Test Parameter Specification Tolerance Measured

Impact Speed (mi/h) 62 +2.5 64.2

Impact Angle (°) 25 +1.5 25.1

Impact Severity (kip-ft) 106 >106 124.6
168 inches (14ft) 171 inches (14.3 ft)
upstream from the upstream from the

: . +1 foot .

Impact Location centerline of the (12 inches) centerline of the
joint between posts joint between posts
7 and 8. 7and 8

Table 8.5. Exit Parameters for MASH TEST 3-11, Crash Test 620061-01-1.

Exit Parameter Measured

Brakes applied post impact Brakes not applied

105 ft downstream of impact point

Vehicle at rest position .
In-line

Comments: Vehicle remained upright and stable.
The vehicle did not meet the exit box criteria® by crossing
the exit box 26 feet downstream from loss of contact.

3Per the MASH guidelines in Section 5.2.3, the exit box for the 2270P used in this test was
16.8 ft toward the traffic side as measured from the traffic side face of the rail and 32.8 ft
downstream from loss of contact.
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8.5.  DAMAGE TO TEST INSTALLATION

There was a large gouge on the rail approximately 1-inch downstream of post 6. The
full length of the rail at post 7, along with the blockout, was split and fractured. At post 8,
the rail split and was gouged from upstream end to 2 feet downstream of post. The system
experienced a secondary impact near the end of the installation where the vehicle came to
rest.

Table 8.6 describes the damage to the test installation and Table 8.7 describes the
deflection and working width of the Merritt Parkway Guiderail. Figure 8.6 and Figure 8.7
show the damage to the Merritt Parkway Guiderail.

Table 8.6. Damage of the Merritt Parkway Guiderail for Test 620061-01.

Post #  Soil Gap (Inches) Post Lean Comments
(Degrees)
5 1 traffic side 86 field side
6 5.5 traffic side 73 field side
7 13 traffic side 64 field side
8 6 traffic side 79 field side
9 0.8 traffic side 88 field side

10 Soil Disturbed

Table 8.7. Deflection and Working Width of the Merritt Parkway Guiderail for
Test 620061-01-1.

Test Parameter Measured

Permanent

Deflection/Location 21.0 inches toward field side, at post 7

35.0 inches toward field side 7.6 inches upstream from
the joint between posts 7 and 8

48.5 inches, at a height of 49.7 inches, at the right-side
view mirror.

@ 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.

Dynamic Deflection

Working Width @ and Height
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Figure 8.6. Merritt Parkway Guiderail at Impact Location after Test
620061-01-1.

Figure 8.7. Merritt Parkway Guiderail In-Line Downstream View after Test
620061-01-1.
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8.6. DAMAGE TO TEST VEHICLE

Figure 8.8 and Figure 8.9 show the damage sustained by the vehicle. Figure 8.10 and
Figure 8.11 show the interior of the test vehicle. Table 8.8 and Table 8.9 provide details on
the occupant compartment deformation and exterior vehicle damage. Figure D.2 and
Figure D.3 in Appendix D.1 provide exterior crush and occupant compartment
measurements.

Figure 8.9. Rear Impact Side of Test Vehicle after Test 620061-01-1.
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Figure 8.10. Overall Interior of Test Vehicle after Test 620061-01-1.

Figure 8.11. Interior of Test Vehicle on Impact Side after Test 620061-01-1.
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Table 8.8. Occupant Compartment Deformation for Test 620061-01-1.

Test Parameter Spgcification Mgasured
(inches) (inches)
Roof <4.0 0.0
Windshield <3.0 0.0
A and B Pillars <5.0 overall/<3.0 lateral 0.0
Foot Well/Toe Pan <9.0 1.0
Floor Pan/Transmission Tunnel <12.0 0.0
Side Front Panel <12.0 0.5
Front Door (above Seat) <9.0 0.0
Front Door (below Seat) <12.0 0.0

Table 8.9. Exterior Vehicle Damage for Test 620061-01-1.

Test Parameter

Details

Side Windows Remained intact
Maximum Exterior Deformation 22 inches at front bumper
VDS O0TRFQ5

CDbC 01FREE4

Fuel Tank Damage None

Description of Damage to Vehicle:

On the impact side of vehicle, the headlight was
removed, the front fender was crushed, the front
door was deformed, the front tire ruptured, and the
front wheel was dislodged at the A-Arm. The right and
left mirrors fractured and the right rear tire was
deflated. The hood, bumper, grill, and radiator were
significantly damaged. On the lower right rear bed
there was a small deformation and a 1.5-inch gap at
the top of the right front door. Visible cracks in the
right-side windshield were evident.
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8.1.  OCCUPANT RISK FACTORS

Data from the accelerometers were digitized for evaluation of occupant risk, and the
results are shown in Table 8.10. Figure D.7 in Appendix D.3 shows the vehicle angular
displacements, and Figure D.8 through Figure D.10 in Appendix D.4 show acceleration
versus time traces.

Table 8.10. Occupant Risk Factors for Test 620061-01-1.

Test Parameter Specification ® Measured Time

OlV, Longitudinal (ft/s) <40.0 254 0.1392 seconds on right side of
30.0 interior

OlV, Lateral (ft/s) <40.0 19.1 0.1392 seconds on right side of
30.0 interior

Ridedown, Longitudinal <20.49 17.1 0.1392 - 0.1492 seconds

(8) 15.0

Ridedown, Lateral (g) <20.49 8.1 0.2454 - 0.2554 seconds
15.0

Theoretical Head N/A 8.7 0.1343 seconds on right side of

Impact Velocity (THIV) interior

(m/s)

Acceleration Severity N/A 1.2 0.1252 - 0.1752 seconds

Index

50-ms Moving Avg.

Accelerations (MA) N/A -11.2 0.1000 - 0.1500 seconds

Longitudinal (g)

50-ms MA Lateral (g) N/A -7.7 0.1004 - 0.1504 seconds

50-ms MA Vertical (g) N/A -3.8 0.5718 - 0.6218 seconds

Roll (°) <75 28.3 0.7863 seconds

Pitch (°) <75 8.5 0.5924 seconds

Yaw (°) N/A 43,5 0.4792 seconds

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

8.8.  TEST SUMMARY

Figure 8.12 summarizes the results of MASH Test 3-11 (Test 620061-01-1).
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0.000 s 0.2000 s 0.4000 s 0.6000s

topping Distance: 105 feetft downstzear
Test Agency: Texas A&M Transportation Institute (TTI) ) In-line
Test Standard/Test No.:  MASH 2016, Test 311
Project No.: 620061-01-1 Dynamic: 35.0 inches
Test Date: 1/13/2025 Permanent: 21 inches
TEST ARTICLE Working Width: 48.5 inches
Type: Longitudinal Barrier Working Width Height: 49.7 inches
Name: Merritt Parkway Guiderail VEHICLE DAMAGE
Length: 166 feet VDS: 01RFQ5
Key Materials: Weathering steel, commercial lumber grade No.1, galvanized CDC: 01FREE4
) steel Max Exterior Deformation: 22 at front bumper
Soil Type and Condition:  Type D ghd concrete road base, damp I\D/I:fironigttli%anr?t Compartment 1inch in the foot well/toe pan
Type/Designation: 2270P
Year, Make and Model: 2019 RAM 1500 Longitudinal OIV: 25.4 ft/s
Inertial Mass: 5026 Ib Lateral OIV: 19.1 ft/s
Dummy Mass: N/A Longitudinal Ridedown: 1718
Gross Static Mass: 5026 Ib Lateral Ridedown: 8.1g
THIV: 8.7 m/s
Impact Speed: 64.2 mi/h ASI: 1.2
Impact Angle: 25.10° Max 50ms Longitudinal: -11.2g
Impact Location: 171 inches (14.3 ft) upstream from the centerline of the joint  Max 50ms Lateral: -7.78
) between posts 7 and 8 Max 50ms Vertical: -3.8g
Impact Severity: 124.6 kip-ft Max Roll: 28.3°
Max Pitch: 85°
Exit Box Criteria: The vehicle did not meet the exit box criteria Max Yaw: 43.5°
105 - -
F - 209 a0
.- 143
g e
i ) ® i % ’.’ Impact Angle 12"
Exit Angle Box / 48-1/4"

Figure 8.12. Summary of Results for MASH Test 3-11 (Test 620061-01-1) on Merritt Parkway Guiderail.



CHAPTER 9.

MASHTEST 3-10 (CRASH TEST 620061-01-3)

9.1.  CRITICAL IMPACT POINT LOCATION

The Critical Impact Point (CIP) for this test was 60 inches (5 ft) upstream from the
centerline of the joint between posts 7 and 8 at 25 degrees. The target CIP for this test was
determined using the information provided in MASH Section 2.2.1 and MASH Section 2.3.2.
Figure 9.1 shows the target CIP for Test 620061-01-3. Figure 9.2 and Figure 9.3 depict the
vehicle at the CIP prior to Test 620061-01-3.

10 9 8 7 8 5 4 3 2
50" L— RN
25°

3-10
Figure 9.1. Target CIP for Test 620061-01-3.
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Figure 9.2. Merritt Parkway Guiderail/Test Vehicle Geometrics for
Test 620061-01-3.

Figure 9.3. Merritt Parkway Guiderail/Test Vehicle Impact Location
for Test 620061-01-3.
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9.2.  TEST VEHICLE DETAILS PRIOR TO IMPACT

Table 9.1 shows the vehicle measurements. Figure 9.4 and Figure 9.5 show the 2019
Nissan Versa used for the crash test. Figure E.1 in Appendix E.1 gives additional dimensions
and information on the vehicle.

Table 9.1. Vehicle Measurements for Test 620061-01-3.

Test Parameter Specification Tolerance Measured
Dummy Mass (if applicable)?(Ib) 165 N/A 165
Inertial Mass (Ib) 2420 155 2431
Gross Static®Mass (Ib) 2585 +55 2596
Wheelbase (inches) 98 +5 102.4
Front Overhang (inches) 35 +4 32.5
Overall Length (inches) 169 +8 175.4
Overall Width (inches) 65 +3 66.7
Hood Height (inches) 28 +4 30.5
Track Width® (inches) 59 +2 58.4
CG aft of Front Axle¢ (inches) 39 +4 41.6
CG above Ground< (inches) N/A N/A N/A

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

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

® Average of front and rear axles.

¢ For test inertial mass.

4 2270P vehicle must meet minimum CG height requirement.
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Figure 9.5. Opposite Impact Side of Test Vehicle before Test 620061-01-3.
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9.3.  TEST DESCRIPTION

9.3.1. Weather Conditions

Table 9.2 provides the weather conditions for Test 620061-01-3.

Table 9.2. Weather Conditions for Test 620061-01-3.

Date of Test 1/17/2025
Wind Speed 12 mi/h
Wind Direction 171°
Temperature 57°F
Relative Humidity 70 %
Vehicle Traveling 195°

9.3.2. Test Events

Table 9.3 lists events that occurred during Test 620061-01-3. The figures in Appendix
E.2 present sequential photographs during the test.

Table 9.3. Events during Test 620061-01-3.

Time Events

(seconds)

-0.0012 Vehicle impacted the curb

0.0000 Vehicle impacted the installation

0.0170 Post 7 began to move toward field side
0.0150 Vehicle began to redirect

0.0290 Post 8 began to move toward field side
0.3100 Vehicle was parallel with installation
0.3890 Front driver’s side tire began to lift off pavement
0.5030 Front driver’s side tire landed on pavement
0.5430 Vehicle exited the installation
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9.4, TESTACTUAL IMPACT CONDITIONS

Table 9.4 lists the details of the MASH impact conditions for this test and Table 9.5
lists the exit parameters.

Table 9.4. Impact Conditions for MASH TEST 3-10, Crash Test 620061-01-3.

Test Parameter Specification Tolerance Measured

Impact Speed (mi/h) 62 +2.5 61.7

Impact Angle (°) 25 1.5 24.2

Impact Severity (kip-ft) 51 >51 51.9
60 inches upstream 59.7 inches upstream

Impact Location from thg centerline +1 foot from thg centerline
of the joint between (12 inches) of the joint between
posts 7 and 8 posts 7 and 8

Table 9.5. Exit Parameters for MASH TEST 3-10, Crash Test 620061-01-3.

Exit Parameter Measured
Speed 33.9 mi/h
Trajectory 10.5°
Heading 14.2°

Brakes applied post impact 1.7 seconds

102 feet ft downstream of impact point

Vehicle at rest position 54 ft to the traffic side

Comments: Vehicle remained upright and stable.
The vehicle did meet the exit box criteria® by crossing the
exit box 42 feet downstream from loss of contact.

aPer the MASH guidelines in Section 5.2.3, the exit box for the 1100C used in this test was 15.1 ft
toward the traffic side as measured from the traffic side face of the rail and 32.8 ft downstream
from loss of contact.
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9.5. DAMAGE TO TEST INSTALLATION

The rail was deformed at the joint between 7 and 8 with scuffing and gouging of the
rail. The downstream rail at joint between 7 and 8 was heavily splintered.

Table 9.6 describes the damage to the test installation and Table 9.7 describes the
deflection and working width of the Merritt Parkway Guiderail. Figure 9.6 and Figure 9.7
show the damage to the Merritt Parkway Guiderail.

Table 9.6. Damage to the Merritt Parkway Guiderail for Test 620061-01-3.

Post # Soil Gap (Inches) Post Lean Comments
(Degrees)

3 0.3 upstream

4 0.3 upstream, 0.2

field side

5 Soil disturbed 89.5 traffic side

6 0.5 field side, 0.4 82.5 field side
upstream

7 2.5 traffic side, 0.3 79.1 field side Slight clockwise twist
downstream

8 2.6 field side 87.8 field side Webbing is deformed, blockout is

heavily splintered, and traffic side
flange is deformed

9 .07 traffic side, 0.3
field side

10 0.3 field side

11 0.2 field side

12-13 Soil disturbed

Table 9.7. Deflection and Working Width of the Merritt Parkway Guiderail for
Test 620061-01-3.

Test Parameter Measured

Permanent 15.8 inches toward field side, 11 inches downstream
Deflection/Location from the joint between posts 7 and 8

Dynamic Deflection 23.4 inches toward field side joint between posts 7 and 8

Working Width® and Height 33.7 inches, at a height of 28 inches at the top of post 8

@ 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.
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Figure 9.6. Merritt Parkway Guiderail at Impact Location after Test 620061-
01-3.

Figure 9.7. Merritt Parkway Guiderail In-Line Downstream View after Test
620061-01-3.
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9.6. DAMAGE TO TEST VEHICLE

Figure 9.8 and Figure 9.9 show the damage sustained by the vehicle. Figure 9.10 and
Figure 9.11 show the interior of the test vehicle. Table 9.8 and Table 9.9 provide details on
the occupant compartment deformation and exterior vehicle damage. Figure E.2 and
Figure E.3 in Appendix E.1 provide exterior crush and occupant compartment
measurements.

Figure 9.9. Rear Impact Side of Test Vehicle after Test 620061-01-3.
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Figure 9.10. Overall Interior of Test Vehicle after Test 620061-01-3.

Figure 9.11. Interior of Test Vehicle on Impact Side after Test 620061-01-3.
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Table 9.8. Occupant Compartment Deformation for Test 620061-01-3.

Test Parameter Spgcification Mgasured
(inches) (inches)
Roof <4.0 0.8
Windshield <3.0 0.0
A and B Pillars <5.0 overall/<3.0 lateral 0.0
Foot Well/Toe Pan <9.0 1.3
Floor Pan/Transmission Tunnel <12.0 2.3
Side Front Panel <12.0 3.8
Front Door (above Seat) <9.0 0.0
Front Door (below Seat) <12.0 0.0

Table 9.9. Exterior Vehicle Damage for Test 620061-01-3.

Test Parameter

Details

Side Windows Remained intact
Maximum Exterior Deformation 12 inches at front bumper
VDS 01FRQ5

CDbC 01FREN4

Fuel Tank Damage None

Description of Damage to Vehicle:

The bumper and bumper cover were damaged, the
radiator was fractured, and the support was
deformed. The right headlight dislodged, there
were cracks on the right side of the windshield
along with scratches and deformations on the front
door and rear quarter panel. The right front tire
ruptured and the wheel dislodged. The right front
subframe, A-arm, and strut were all deformed. The
ball joint was separated from the strut and the
control arm at the CV axle were deformed. There
was a 3.5-inch gap at top of the right front door.
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9.1.  OCCUPANT RISK FACTORS

Data from the accelerometers were digitized for evaluation of occupant risk, and the
results are shown in Table 9.10. Figure E.7 in Appendix E.3 shows the vehicle angular
displacements, and Figure E.8 through Figure E.10 in Appendix E.4 show acceleration
versus time traces.

Table 9.10. Occupant Risk Factors for Test 620061-01-3.

Test Parameter Specification ® Measured Time

OlV, Longitudinal (ft/s) <40.0 27.8 0.1266 seconds on right side of
30.0 interior

OlV, Lateral (ft/s) <40.0 21.6 0.1266 seconds on right side of
30.0 interior

Ridedown, Longitudinal <20.49 14.6 0.1579 - 0.1679 seconds

(8) 15.0

Ridedown, Lateral (g) <20.49 12.4 0.1271 - 0.1371 seconds
15.0

Theoretical Head N/A 10.5 0.1235 seconds on right side of

Impact Velocity (THIV) interior

(m/s)

Acceleration Severity N/A 1.4 0.1221 - 0.1721 seconds

Index

50-ms Moving Avg.

Accelerations (MA) N/A -11.3 0.0908 - 0.1408 seconds

Longitudinal (g)

50-ms MA Lateral (g) N/A -9.1 0.0965 - 0.1465 seconds

50-ms MA Vertical (g) N/A -3.9 0.1415- 0.1915 seconds

Roll (°) <75 10.6 0.2159 seconds

Pitch (°) <75 6.1 0.6158 seconds

Yaw (°) N/A 55.4 1.4999 seconds

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

9.8. TEST SUMMARY

Figure 9.12 summarizes the results of MASH Test 3-10 (Test 620061-01-3).
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0.000s 0.2000 s 0.4000 s 0.6000s
GENERAL INFORMATION Exit Box Criteria: The vehicle did meet the exit box criteria
Test Agency: Texas A&M Transportation Institute (TTI) Stopping Distance: 102 feet ft downstream
Test Standard/Test No.: MASH 2016, Test 3-10 ’ 54 ft to the traffic side

Project No.: 620061-01-3 TEST ARTICLE DEFLECTIONS

Test Date: 1/17/2025 Dynamic: 23.38 inches
Permanent: 15.8 inches
Type: Longitudinal Barrier Working Width: 33.72 inches
Name: Merritt Parkway Guiderail Working Width Height: 28.00 inches
Length: 166 feet VEHICLE DAMAGE
I Weathering steel, commercial lumber grade No.1, galvanized  VDS: 01FRQ5
Key Materials: steel CDC: 01FREN4
Soil Type and Condition:  Type D grade 1 crushed concrete road base, damp Max Exterior Deformation: 12 inches at the front bumper
TEST VEHICLE Max Occupant Compartment . . .

Type/Designation: 1100C Deformation: 3.75 inches in the side front panel
Year, Make and Model: 2019 Nissan Versa
Inertial Mass: 2431 Ib Longitudinal OIV: 27.8 ft/s
Dummy Mass: 165 Ib Lateral OIV: 21.6ft/s
Gross Static Mass: 2596 Ib Longitudinal Ridedown: 146¢g
Lateral Ridedown: 124g
Impact Speed: 61.7 mi/h THIV: 10.5m/s
Impact Angle: 24.17° ASI: 1.4
Impact Location: 59.7 inches upstream from the centerline of the joint Max 50ms Longitudinal: -11.3g

) between posts 7 and 8 Max 50ms Lateral: 9.18
Impact Severity: 51.9 kip-ft Max 50ms Vertical: -39g
Max Roll 106°
Exit Speed: 33.90 mi/h Max Pitch: 6.1°
Trajectory/Heading Angle: 10.45°/14.22° Max Yaw: 55.4°
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Figure 9.12. Summary of Results for MASH Test 3-10 (Test 620061-01-3) on Merritt Parkway Guiderail.
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CHAPTER 10.

MASHTEST 3-11 (CRASH TEST 620061-01-4)

10.1.  CRITICAL IMPACT POINT LOCATION

The Critical Impact Point (CIP) for this test was 168 inches (14 ft) upstream from the
centerline of the joint between posts 7 and 8 at 25 degrees. The target CIP for this test was
determined using the information provided in MASH Section 2.2.1 and MASH Section 2.3.2.
Figure 10.1 shows the target CIP for Test 620061-01-4. Figure 10.2 and Figure 10.3 depict
the vehicle at the CIP prior to Test 620061-01-4.
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Figure 10.1. Target CIP for Test 620061-01-4.
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Figure 10.2. Merritt Parkway Guiderail/Test Vehicle Geometrics for
Test 620061-01-4.

Figure 10.3. Merritt Parkway Guiderail/Test Vehicle Impact Location
620061-01-4.
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10.2.  TEST VEHICLE DETAILS PRIOR TO IMPACT

Table 10.1 shows the vehicle measurements. Figure 10.4 and Figure 10.5 show the
2019 RAM 1500 used for the crash test. Figure F.1 in Appendix F.1 gives additional
dimensions and information on the vehicle.

Table 10.1. Vehicle Measurements for Test 620061-01-4.

Test Parameter Specification Tolerance Measured
Dummy Mass (if applicable)?(Ib) 165 N/A N/A
Inertial Mass (Ib) 5000 +110 5032
Gross Static® Mass (Ib) 5000 +110 5032
Wheelbase (inches) 148 +12 140.5
Front Overhang (inches) 39 +3 40.25
Overall Length (inches) 237 +13 229
Overall Width (inches) 78 +2 78.5
Hood Height (inches) 43 +4 46
Track Width® (inches) 67 +1.5 68.25
CG aft of Front Axle¢ (inches) 63 +4 62.15
CG above Ground®< (inches) 28 28 28.5

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

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

® Average of front and rear axles.

¢ For test inertial mass.

42270P vehicle must meet minimum CG height requirement.
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Figure 10.5. Opposite Impact Side of Test Vehicle before Test 620061-01-4.
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10.3. TEST DESCRIPTION

10.3.1. Weather Conditions

Table 10.2 provides the weather conditions for Test 620061-01-4.

Table 10.2. Weather Conditions for Test 620061-01-4.

Date of Test 1/24/2025
Wind Speed 4 mi/h
Wind Direction 181°
Temperature 49°F
Relative Humidity 51 %
Vehicle Traveling 195°

10.3.2. Test Events

Table 10.3 lists events that occurred during Test 620061-01-4. The figures in
Appendix F.2 present sequential photographs during the test.

Table 10.3. Events during Test 620061-01-4.

Time Events

(seconds)

0.0000 Vehicle impacted the installation
0.0180 Post 6 began to move toward field side
0.0270 Post 7 began to move toward field side
0.0310 Rail at post 7 began to break

0.0430 Vehicle began to redirect

0.0670 Post 8 began to lean upstream

0.1270 Rail at post 8 began to break

0.3520 Vehicle was parallel with installation
0.8250 Vehicle exited the installation
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10.4. TEST ACTUAL IMPACT CONDITIONS

Table 10.4 lists the details of the MASH impact conditions for this test and Table 10.5
lists the exit parameters.

Table 10.4. Impact Conditions for MASH TEST 3-11, Crash Test 620061-01-4.

Test Parameter Specification Tolerance  Measured

Impact Speed (mi/h) 62 +2.5 62.6

Impact Angle (°) 25 +1.5 25.3

Impact Severity (kip-ft) 106 >106 120.3
168 inches upstream 169.2 inches upstream

Impact Location frorT\ t'he centerline of '1:1 foot (12 from ‘Fhe centerline of
the joint between inches) the joint between
posts 7 and 8 posts 7 and 8

Table 10.5. Exit Parameters for MASH TEST 3-11, Crash Test 620061-01-4.

Exit Parameter Measured

Speed Not measured, out of camera frame

Brakes applied post impact Brakes not applied

82 feet ft downstream of impact point

Vehicle at rest position 1 ft to the traffic side

Comments: Vehicle remained upright and stable.
The vehicle did not meet the exit box criteria® by crossing
the exit box 31 feet downstream from loss of contact.

aPer the MASH guidelines in Section 5.2.3, the exit box for the 2270P used in this test was 16.8 ft
toward the traffic side as measured from the traffic side face of the rail and 32.8 ft downstream
from loss of contact.
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10.5. DAMAGE TO TEST INSTALLATION

Secondary impact was at post 15. The rails between posts 6 and 9 were heavily
damaged, splintered and fractured. Large portions of the rails released from the backing
plates and the posts. The traffic side flange on post 7 was also damaged.

Table 10.6 describes the damage to the test installation and Table 10.7 describes the
deflection and working width of the Merritt Parkway Guiderail. Figure 10.6 and Figure 10.7
show the damage to the Merritt Parkway Guiderail.

Table 10.6. Damage to the Merritt Parkway Guiderail for Test 620061-01-4.

Post # Soil Gap (Inches) Post Lean Comments
(Degrees)

4 Soil disturbed
5 0.4 upstream, 0.4 88.5 field side

traffic side
6 1.7 traffic side, 0.7 83.4 fieldside -
field side
7 Soil blown out 60.8 field side Counterclockwise twist, blockout
shattered, bolts connecting post
to rail bent
8 Soil blown out 73.7 field side Blockout fractured, bolds are
bent
9 0.5 traffic side, 0.2 89.3 field side Blockout fractured
field side
10 0..4 traffic side, 0.4 89.2 field side
field side

Table 10.7. Deflection and Working Width of the Merritt Parkway Guiderail for
Test 620061-01-4.

Test Parameter Measured
Permanent . , . .
. . 20.3 inches toward field side, joint between posts 7 and 8
Deflection/Location
Dynamic Deflection 37.1 inches toward field side at post 7

Working Width® and Height ~ 46.7 inches, at a height of 10.0 inches at the top of post 7
@ 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.
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Figure 10.7. Merritt Parkway Guiderail In-Line Downstream View after Test
620061-01-4.
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10.6. DAMAGE TO TEST VEHICLE

Figure 10.8 and Figure 10.9 show the damage sustained by the vehicle. Figure 10.10
and Figure 10.11 show the interior of the test vehicle. Table 10.8 and Table 10.9 provide
details on the occupant compartment deformation and exterior vehicle damage. Figure F.2

and Figure F.3 in Appendix F.1 provide exterior crush and occupant compartment
measurements.

'

Figure 10.9. Rear Impact Side of Test Vehicle after Test 620061-01-4.
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Figure 10.11. Interior of Test Vehicle on Impact Side after Test 620061-01-4.
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Table 10.8. Occupant Compartment Deformation for Test 620061-01-4.

Test Parameter Spgcification Mgasured
(inches) (inches)

Roof <4.0 0.0

Windshield <3.0 0.0

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

Foot Well/Toe Pan <9.0 0.0

Floor Pan/Transmission Tunnel <12.0 0.0

Side Front Panel <12.0 1.8

Front Door (above Seat) <9.0 0.0

Front Door (below Seat) <12.0 0.0

Table 10.9. Exterior Vehicle Damage for Test 620061-01-4.

Test Parameter Details

Side Windows Remained intact
Maximum Exterior Deformation 25 inches at front bumper
VDS 01FRQ5

CDbC 01FREW5

Fuel Tank Damage None

The bumper, grill, hood, radiator, and support were
all damaged. Both headlights dislodged, the right
front fender and door had tears, deformations, and
abrasions. The A-arm dislodged, and the shock and
steering control arm were both damaged. The right
front wheel fractured and the tire dislodged. The
right rear wheel was fractured and the tire
ruptured. There was a 2.8-inch gap at the top of the
right front door. The door was peeled back at the
lower front corner which created an opening 14
inches long by 10 inches wide and allowed elements
of the test article to enter the cab.

Description of Damage to Vehicle:
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10.7.  OCCUPANT RISK FACTORS

Data from the accelerometers were digitized for evaluation of occupant risk, and the
results are shown in Table 10.10. Figure F.6 in Appendix F.3 shows the vehicle angular
displacements, and Figure F.7 through Figure F.9 in Appendix F.4 show acceleration versus
time traces.

Table 10.10. Occupant Risk Factors for Test 620061-01-4.

Test Parameter Specification ® Measured Time

OlV, Longitudinal (ft/s) <40.0 31.4 0.1579 seconds on right side of
30.0 interior

OlV, Lateral (ft/s) <40.0 18.4 0.1579 seconds on right side of
30.0 interior

Ridedown, Longitudinal <20.49 15.6 0.1579 - 0.1679 seconds

(8) 15.0

Ridedown, Lateral (g) <20.49 7.1 0.2740 - 0.2840 seconds
15.0

Theoretical Head N/A 10.2 0.1514 seconds on right side of

Impact Velocity (THIV) interior

(m/s)

Acceleration Severity N/A 1.2 0.1435 - 0.1935 seconds

Index

50-ms Moving Avg.

Accelerations (MA) N/A -12.1 0.1188 - 0.1688 seconds

Longitudinal (g)

50-ms MA Lateral (g) N/A -7.2 0.1057 - 0.1557 seconds

50-ms MA Vertical (g) N/A -4.2 0.1219 - 0.1719 seconds

Roll (°) <75 24.4 0.8963 seconds

Pitch (°) <75 10.2 0.5865 seconds

Yaw (°) N/A 48.9 0.9464 seconds

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

10.8. TEST SUMMARY

Figure 10.12 summarizes the results of MASH Test 3-11 (Test 620061-01-4).
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0.2000 s

0.4000 s 0.6000s

ropping Distance: 2 et tdownstream
Test Agency: Texas A&M Transportation Institute (TTI) ) 1 ft to the traffic side
Test Standard/Test No.: _ MASH 2016, Test 3-11
Project No.: 620061-01-4 Dynamic: 37.1 inches
Test Date: 1/24/2025 Permanent: 20.3inches

TEST ARTICLE Working Width: 46.7 inches
Type:  longitudinalBarrier Working Width Height: 10.0 inches
Name: Merritt Parkway Guiderail VEHICLE DAMAGE
Length: 166 feet VDS: 01FRQ5

Weathering steel, commercial lumber grade No.1, galvanized CDC: 01FREWS5

Key Materials:

steel Max Exterior Deformation:  25inches at front bumper
Soil Type and Condition:  Type D grade 1 crushed concrete road base, damp Max Occupant Compartment 1.8 inches in the side front panel
TEST VEHICLE Deformation:

Type/Designation: 2270P
Year, Make and Model: 2019 RAM 1500 Longitudinal OIV: 31.4ft/s
Inertial Mass: 5032 Ib Lateral OIV: 18.4 ft/s
Dummy Mass: N/A Ib Longitudinal Ridedown: 156 ¢
Gross Static Mass: 5032 Ib Lateral Ridedown: 718
THIV 102m's
Impact Speed: 62.6 mi’h ASI: 1.2
Impact Angle: 25.3° Max 50ms Longitudinal: -121g
Impact Location: 169.2 inches upstream from the centerline of the joint Max 50ms Lateralt -7.2g

) between posts 7 and 8 Max 50ms Vertical: 42g
Impact Severity: 120.3 kip-ft Max Roll: 24.4°
Max Pitch: 10.2
Exit Speed: Not measured, out of frame Max Yaw: 48.9°
Exit Box Criteria: The vehicle did not meet the exit box criteria
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Figure 10.12. Summary of Results for MASH Test 3-11 (Test 620061-01-4) on Merritt Parkway Guiderail.
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cuapTER 11.DESIGN ANALYSIS — PART Il

The design concept that incorporated 1-inch-thick splice plates and joints at
midspan was evaluated with full-scale crash testing. The system met the criteria for MASH
TL-3. The system was then evaluated according to MASH TL-3 with no curb present. During
MASH Test 3-11, the leading edge of the pickup truck door snagged on the rail elements
and pieces of the rail penetrated the occupant compartment penetration. Thus, the
system with no curb present was found to be unsatisfactory for MASH TL-3.

A review of the crash test results was conducted to identify any potential design
changes that could be made to the design to improve crashworthy performance for the no
curb configuration. Design changes were first considered for the splice connection, but no
design alternatives were identified that were believed to significantly improve the
crashworthy performance. The next design change considered was the addition of a
rubrail. This design concept was evaluated in the computer simulation analyses presented
in Chapter 2 of this report. The simulation indicated a significant amount of vehicle roll
after being redirected. However, after comparing some of the simulation results to the
crash test results, it was believed that the vehicle model may be overpredicting the roll
angle. Another reason for considering the rubrail design was the possible improved
strength in the rail system. Part of the snagging that occurred in the previous crash was
due to damage and fracture of the rail. The additional strength of the rubrail may help
counteract this damage and fracture.

The design with the rubrail was selected for further evaluation through full-scale
crash testing. The system incorporated the 1-inch-thick splice plates, joints at midspan,
and a 6-inch by 8-inch timber rubrail. Chapters 12 and 13 present the evaluation of the
rubrail design with full-scale crash testing.
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CHAPTER 12.

MASHTEST 3-11 (CRASH TEST 620061-01-3)

12.1.  CRITICAL IMPACT POINT LOCATION

The Critical Impact Point (CIP) for this test was 14 ft upstream from the centerline of
the joint between posts 7 and 8 at 25°. The target CIP for this test was determined using
the information provided in MASH Section 2.2.1 and MASH Section 2.3.2. Figure 12.1 shows
the target CIP for Test 620061-01-5. Figure 12.2 and Figure 12.3 depict the vehicle at the CIP
prior to Test 620061-01-5.
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Figure 12.1. Target CIP for Test 620061-01-5.
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Figure 12.2. Merritt Parkway Guiderail/Test Vehicle Geometrics for
Test 620061-01-5.

=

Figure 12.3. Merritt Parkway Guiderail/Test Vehicle Impact Location
620061-01-5.
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12.2.  TEST VEHICLE DETAILS PRIOR TO IMPACT

Table 12.1 shows the vehicle measurements. Figure 12.4 and Figure 12.5 show the
2019 RAM 1500 used for the crash test. Figure G.1 in Appendix G.1 gives additional

dimensions and information on the vehicle.

Table 12.1. Vehicle Measurements for Test 620061-01-5.

Test Parameter Specification Tolerance Measured
Dummy Mass (if applicable)®(Ib) 165 N/A N/A
Inertial Mass (Ib) 5000 +110 5024
Gross Static® Mass (Ib) 5000 +110 5024
Wheelbase (inches) 148 +12 140.5
Front Overhang (inches) 39 +3 40.3
Overall Length (inches) 237 +13 229.0
Overall Width (inches) 78 +2 78.5
Hood Height (inches) 43 +4 46.0
Track Width® (inches) 67 +1.5 68.3
CG aft of Front Axle¢ (inches) 63 4 61.0
CG above Ground® (inches) 28 28 28.5

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

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

the dummy.

® Average of front and rear axles.

¢ For test inertial mass.

4 2270P vehicle must meet minimum CG height requirement.
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Figure 12.4. Impact Side of Test Vehicle before Test 620061-01-5.

Figure 12.5. Opposite Impact Side of Test Vehicle before Test 620061-01-5.
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12.3. TEST DESCRIPTION

12.3.1. Weather Conditions

Figure 12.2 provides the weather conditions for Test 620061-01-5.

Table 12.2. Weather Conditions for Test 620061-01-5.

Date of Test 4/16/2025
Wind Speed 8 mi/h
Wind Direction 166°
Temperature 74°F
Relative Humidity 77 %
Vehicle Traveling 195°

12.3.2. Test Events

Table 12.3 lists events that occurred during Test 620061-01-5. The figures in
Appendix G.2 present sequential photographs during the test.

Table 12.3. Events during Test 620061-01-5.

Time Events
(seconds)
0.0000 Vehicle impacted the installation
0.0100 Post 6 began to deflect towards the field side
The upstream rail at the joint between posts 6 and 7 began to fracture on
0.0120 . )
the field side
0.0500 Vehicle began to redirect
The downstream rail at the joint between posts 6 and 7 began to fracture
0.0540 , .
on the field side
0.1590 Left front and rear tires lifted off the ground
0.2300 Post 7 began to deflect towards the field side
0.2780 Vehicle was parallel with installation
0.5990 Vehicle exited the installation

12.4. TEST ACTUAL IMPACT CONDITIONS

Table 12.4 lists the details of the MASH impact conditions for this test and Table 12.5
lists the exit parameters.
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Table 12.4. Impact Conditions for MASH TEST 3-11, Crash Test 620061-01-5.

Test Parameter Specification Tolerance Measured

Impact Speed (mi/h) 62 +2.5 61.2

Impact Angle (°) 25 +1.5 25.2

Impact Severity (kip-ft) 106 >106 114.0
14 ft upstream from 14ft upstream from

Impact Location jch.e centerline of the +1 foot tth'e centerline of the
joint between posts 7 (12 inches) joint between posts 7
and 8 and 8

Table 12.5. Exit Parameters for MASH TEST 3-11, Crash Test 620061-01-5.

Exit Parameter Measured

Speed Not measured, out of camera frame

Brakes applied post impact Brakes not applied

170 ft downstream of impact point

Vehicle at rest position 67 ft to the traffic side

Comments: Vehicle remained upright and stable.
The vehicle did not meet the exit box criteria® by crossing
the exit box 32 feet downstream from loss of contact.

aPer the MASH guidelines in Section 5.2.3, the exit box for the 2270P used in this test was 16.8 ft
toward the traffic side as measured from the traffic side face of the rail and 32.8 ft downstream
from loss of contact.
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12.5. DAMAGE TO TEST INSTALLATION

The rub rail fractured at post 5 and 2 feet upstream from post 6, and both rails were
gouged 2 feet downstream from post 6. There was a 4 foot long section of the downstream
traffic rail at the joint between posts 6 and 7 that was fractured on the top field side corner.
The rub rail was severely gouged 3 feet upstream from post 7 to the joint between 7 and 8.
At the joint between posts 7 and 8, the upstream traffic rail had a 1.5-inch vertical
displacement and the upstream rub rail had 0.5 inches of vertical displacement.

Table 12.6 describes the damage to the test installation and Table 12.6 describes the
deflection and working width of the Merritt Parkway Guiderail. Figure 12.6 and Figure 12.7
show the damage to the Merritt Parkway Guiderail.

Table 12.6. Damage to the Merritt Parkway Guiderail for Test 620061-01-5.

Post# Soil Gap (Inches) Post Lean (Degrees) Comments

5 Soil disturbed
4 traffic side, 1.5 field 79.4
side

7 5 field side 72

8 3 traffic side, 2.5 field 86
side

9 0.5 traffic side, 0.5 field 89.6
side

10 Soil disturbed

Table 12.7. Deflection and Working Width of the Merritt Parkway Guiderail for Test
620061-01-5.

Test Parameter Measured

Permanent

. . 17.6 inches toward field side, joint between posts 6 & 7
Deflection/Location

28.4 inches toward field side 21.9 inches downstream
from the joint between posts 6 and 7

39.5 inches, at a height of 30 inches top of the rail at the
joint between posts 6 and 7

@ 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.

Dynamic Deflection

Working Width® and Height
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Figure 12.6. Merritt Parkway Guiderail at Impact Location after
Test 620061-01-5.

Figure 12.7. Merritt Parkway Guiderail In-Line Downstream View after Test
620061-01-5.
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12.6. DAMAGE TO TEST VEHICLE

Figure 12.8 and Figure 12.9 show the damage sustained by the vehicle. Figure 12.10
and Figure 12.11 show the interior of the test vehicle. Table 12.8 and Table 12.9 provide
details on the occupant compartment deformation and exterior vehicle damage. Figure G.2

and Figure G.3 in Appendix G.1 provide exterior crush and occupant compartment
measurements.

Figure 12.8. Impact Side of Test Vehicle after Test 620061-01-5.

e

Figure 12.9. Rear Impact Side of Test Vehicle after Test 620061-01-5.
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Figure 12.10. Overall Interior of Test Vehicle after Test 620061-01-5.

Figure 12.11. Interior Closeup View of Test Vehicle Floor Pan after Test
620061-01-5.
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Table 12.8. Occupant Compartment Deformation for Test 620061-01-5.

Test Parameter Spgcification Mgasured
(inches) (inches)

Roof <4.0 0.0

Windshield <3.0 0.0

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

Foot Well/Toe Pan <9.0 0.3

Floor Pan/Transmission Tunnel <12.0 0.0

Side Front Panel <12.0 0.0

Front Door (above Seat) <9.0 0.5

Front Door (below Seat) <12.0 0.0

Table 12.9. Exterior Vehicle Damage for Test 620061-01-5.

Test Parameter

Details

Side Windows Remained intact

Maximum Exterior Deformation 16 inches at the front bumper
VDS 01RFQ5

CDC 01FREW5

Fuel Tank Damage None

Description of Damage to Vehicle:

The bumper, grill, fender, sway belt, and right
headlight were damaged. The right A-Arm fractured.
The right front tire ruptured and the wheel was
deformed. There were deformations and abrasions
on the right front door with a 1.5-inch gap at the
top. The right rear wheel was deformed and the tire
was deflated. There were deformations and
abrasions on the right rear panel with a
deformation on the rear bumper.
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12.1.  OCCUPANT RISK FACTORS

Data from the accelerometers were digitized for evaluation of occupant risk, and the
results are shown in Table 12.10. Figure G.7 in Appendix G.3 shows the vehicle angular
displacements, and Figure G.8 through Figure G.10 in Appendix G.4 show acceleration
versus time traces.

Table 12.10. Occupant Risk Factors for Test 620061-01-5.

Test Parameter Specification ® Measured Time

OlV, Longitudinal (ft/s) <40 20.0 0.1342 seconds on right side of
30 interior

OlV, Lateral (ft/s) <40 19.2 0.1342 seconds on right side of
30 interior

Ridedown, Longitudinal <20.49 9.9 0.1342 - 0.1442 seconds

(8) 15

Ridedown, Lateral (g) <20.49 8.6 0.1342 - 0.1442 seconds
15

Theoretical Head N/A 8.0 0.1293 seconds on right side of

Impact Velocity (THIV) interior

(m/s)

Acceleration Severity N/A 1.0 0.1265 - 0.1765 seconds

Index

50-ms Moving Avg.

Accelerations (MA) N/A -7.4 0.0923 - 0.1423 seconds

Longitudinal (g)

50-ms MA Lateral (g) N/A -7.2 0.0984 - 0.1484 seconds

50-ms MA Vertical (g) N/A 2.8 0.1795 - 0.2295 seconds

Roll (°) <75 41.8 0.6608 seconds

Pitch (°) <75 13.3 0.8408 seconds

Yaw (°) N/A 78.1 1.9207 seconds

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

12.8. TEST SUMMARY

Figure 12.12 summarizes the results of MASH Test 3-11 (Test 620061-01-5).
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0.000 s 0.2000 s 0.4000 s 0.6000s

GENERAL INFORMATION 170 ft downstream

Stopping Distance:

Test Agency: Texas A&M Transportation Institute (TTI) 67 ft to the traffic side
Test Standard/Test No.:  MASH 2016, Test 3-11
Project No.: 620061-01-5 Dynamic: 28.4 inches
Test Date: 4/16/2025 Permanent: 17.6 inches
Working Width: 39.5 inches
Type: Longitudinal Barrier Working Width Height: 30 inches
Name: Merritt Parkway Guiderail VEHICLE DAMAGE
Length: 166 feet VDS: 01RFQ5
Key Materials: Weathering steel, commercial lumber grade No.1, galvanized CDC: : : 01 EREWS
steel, Type D grade 1 crushed concrete road base Max Exterior Deformation: 16 inches at the front bumper

Soil Type and Condition:  Type D ghd concrete, damp I\D/I:fiﬁ)nc]cal:ianr:t Compartment 0.5 inches in the front door (above seat)
Type/Designation: 2270P
Year, Make and Model: 2019 RAM 1500 Longitudinal OIV: 20 ft/s
Inertial Mass: 5024 Ib Lateral OIV: 19.2 ft/s
Dummy Mass: N/A Ib Longitudinal Ridedown: 99¢g
Gross Static Mass: 5024 Ib Lateral Ridedown: 8.6¢g
THIV Bm's
Impact Speed: 61.2 mi’h ASI: 1.0
Impact Angle: 25.2° Max 50ms Longitudinal: 748
Impact Location: 14ft upstream from the centerline of the joint between posts Max 50ms Lateral: 728

) 7 and 8 Max 50ms Vertical: 28¢g
Impact Severity: 114 kip-ft Max Roll: 41.8°
Max Pitch: 133°
Exit Speed: Not measured, out of the camera frame Max Yaw: 78.1°
Exit Box Criteria: The vehicle did not meet the exit box criteria

- i o Ly 7 \mpact Angle

b
&7 — Exit Angle Box

L

Figure 12.12. Summary of Results for MASH Test 3-11 (Test 620061-01-5) on Merritt Parkway Guiderail.






CHAPTER 13.

MASHTEST 3-10 (CRASH TEST 620061-01-6)

13.1.  CRITICAL IMPACT POINT LOCATION

The Critical Impact Point (CIP) for this test was 5 ft upstream from the centerline of
the joint between posts 7 and 8 at 25 degrees. The target CIP for this test was determined
using the information provided in MASH Section 2.2.1 and MASH Section 2.3.2. Figure 13.1
shows the target CIP for Test 620061-01-6. Figure 13.2 and Figure 13.3 depict the vehicle at
the CIP prior to Test 620061-01-6.

10 9 8 7 6 5 4 3 2

50" L\\JJ
5

3-10 25

5

Figure 13.1. Target CIP for Test 620061-01-6.
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Figure 13.2. Merritt Parkway Guiderail/Test Vehicle Geometrics for
Test 620061-01-6.

Figure 13.3. Merritt Parkway Guiderail/Test Vehicle Impact Location
620061-01-6.
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13.2.  TEST VEHICLE DETAILS PRIOR TO IMPACT

Table 13.1 shows the vehicle measurements. Figure 13.4 and Figure 13.5 show the
2019 Nissan Versa used for the crash test. Figure H.1 in Appendix H.1 gives additional
dimensions and information on the vehicle.

Table 13.1. Vehicle Measurements for Test 620061-01-6.

Test Parameter Specification Tolerance Measured
Dummy Mass (if applicable)?(Ib) 165 N/A 165
Inertial Mass (Ib) 2420 155 2434
Gross Static®Mass (Ib) 2585 +55 2599
Wheelbase (inches) 98 +5 102.4
Front Overhang (inches) 35 +4 32.5
Overall Length (inches) 169 +8 175.4
Overall Width (inches) 65 +3 66.7
Hood Height (inches) 28 4 30.5
Track Width® (inches) 59 +2 58.4
CG aft of Front Axle¢ (inches) 39 4 41.4
CG above Ground< (inches) N/A N/A N/A

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

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

® Average of front and rear axles.

¢ For test inertial mass.

4 2270P vehicle must meet minimum CG height requirement.
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Figure 13.5. Opposite Impact Side of Test Vehicle before Test 620061-01-6.
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13.3.  TEST DESCRIPTION

13.3.1. Weather Conditions

Table 13.2 provides the weather conditions for Test 620061-01-6.

Table 13.2. Weather Conditions for Test 620061-01-6.

Date of Test 5/5/2025
Wind Speed 6 mi/h
Wind Direction 101°
Temperature 76°F
Relative Humidity 66 %
Vehicle Traveling 195°

13.3.2. Test Events

Table 13.3 lists events that occurred during Test 620061-01-6. The figures in
Appendix H.2 present sequential photographs during the test.

Table 13.3. Events during Test 620061-01-6.

Time Events

(seconds)

0.0000 Vehicle impacted the installation

0.0169 Post 7 began to deflect towards the field side
0.0230 Post 8 began to deflect towards the field side
0.0290 Vehicle began to redirect

0.1360 Driver side rear tire lifted off the ground
0.2080 Vehicle was parallel with installation

0.2363 Rear passenger side bumper impacted the rail
0.4380 Vehicle exited the installation
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13.4.  TEST ACTUAL IMPACT CONDITIONS

Table 13.4 lists the details of the MASH impact conditions for this test and Table 13.5
lists the exit parameters.

Table 13.4. Impact Conditions for MASH TEST 3-10, Crash Test 620061-01-6.

Test Parameter Specification Tolerance Measured

Impact Speed (mi/h) 62 +2.5 62.6

Impact Angle (°) 25 1.5 24.6

Impact Severity (kip-ft) 51 >51 55.3
5 ft upstream from 5.3 ft upstream from

Impact Location jch‘e centerline of the  +1 fpot 'th'e centerline of the
joint between posts 7 (12 inches) joint between posts 7
and 8 and 8

Table 13.5. Exit Parameters for MASH TEST 3-10, Crash Test 620061-01-6.

Exit Parameter Measured
Speed 40.5 mi/h
Trajectory 11.2°
Heading 17.0°

Brakes applied post impact Brakes not applied

137 ft downstream of impact point

Vehicle at rest position 6 ft to the traffic side

Comments: Vehicle remained upright and stable.
The vehicle met the exit box criteria® by crossing the exit
box 48 feet downstream from loss of contact.

aPer the MASH guidelines in Section 5.2.3, the exit box for the 1100C used in this test was 15.097 ft
toward the traffic side as measured from the traffic side face of the rail and 32.8 ft downstream
from loss of contact.
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13.5.  DAMAGE TO TEST INSTALLATION

The rail was scuffed and gouged at impact. There was heavy gouging on the rub rail
downstream of joint 7 and 8. The rail upstream of joint 7 and 8 was slightly fractured.

Table 13.6 describe the damage to the test installation and Table 13.7 describes the
deflection and working width of the Merritt Parkway Guiderail. Figure 13.6 and Figure 13.7
show the damage to the Merritt Parkway Guiderail.

Table 13.6. Damage of the Merritt Parkway Guiderail for Test 620061-01-6.

Post#  Soil Gap (Inches) Post Lean Comments
(Degrees)
3 Soil disturbed
4 0.1 field side
5 0.2 field side
6 0.2 field side and traffic 89.8
side
7 1.5 field side, 2 traffic 85.2
side
8 3.5 field side 84.4 Front was filled in
9 0.4 field side, 0.5 traffic 90
side
10 0.4 field side 89.1

11-13  Soil disturbed

Table 13.7. Deflection and Working Width of the Merritt Parkway Guiderail for
Test 620061-01-6.

Test Parameter Measured

Permanent

Deflection/Location 8.0 inches toward field side, joint between posts 7 and 8

Dynamic Deflection 16.6 inches toward field side joint between posts 7 and 8

31.0 inches, at a height of 30.0 inches at the top of post

Working Width*and Height o ' fiald side

@ 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.
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Figure 13.6. Merritt Parkway Guiderail at Impact Location after Test 620061-
01-6.

Figure 13.7. Merritt Parkway Guiderail In-line Downstream View after Test
620061-01-6.
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13.6.  DAMAGE TO TEST VEHICLE

Figure 13.8 and Figure 13.9 show the damage sustained by the vehicle. Figure 13.10
and Figure 13.11 show the interior of the test vehicle. Table 13.8 and Table 13.9 provide
details on the occupant compartment deformation and exterior vehicle damage. Figure H.2

and Figure H.3 in Appendix H.1 provide exterior crush and occupant compartment
measurements.

ST

Figure 13.9. Opposite Impact Side of Test Vehicle after Test 620061-01-6.
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Figure 13.11. Interior of Test Vehicle on Impact Side after Test 620061-01-6.
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Table 13.8. Occupant Compartment Deformation for Test 620061-01-6.

Test Parameter Spgcification Mgasured
(inches) (inches)

Roof <4.0 0.0

Windshield <3.0 0.0

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

Foot Well/Toe Pan <9.0 0.0

Floor Pan/Transmission Tunnel <12.0 0.0

Side Front Panel <12.0 0.0

Front Door (above Seat) <9.0 0.0

Front Door (below Seat) <12.0 0.0

Table 13.9. Exterior Vehicle Damage for Test 620061-01-6.

Test Parameter

Details

Side Windows Remained intact
Maximum Exterior Deformation 10 at front bumper
VDS 0TRFQ5

CDbC 01FREW4

Fuel Tank Damage None

Description of Damage to Vehicle:

The bumper, grill, and right front fender were
damaged. The right front headlight was fractured,
the right front wheel was deformed, the right front
tire was deflated, and the right front frame rail was
deformed. There were abrasions and deformations
along the right side of the car. There was a 2-inch
gap at the top of the right front door.
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13.1.  OCCUPANT RISK FACTORS

Data from the accelerometers were digitized for evaluation of occupant risk, and the
results are shown in Table 13.10. Figure H.7 in Appendix H.3 shows the vehicle angular
displacements, and Figure H.8 through Figure H.10 in Appendix H.4 show acceleration
versus time traces.

Table 13.10. Occupant Risk Factors for Test 620061-01-6.

Test Parameter Specification ® Measured Time

OlV, Longitudinal (ft/s) <40.0 25.0 0.1015 seconds on right side of
30.0 interior

OlV, Lateral (ft/s) <40.0 24.8 0.1015 seconds on right side of
30.0 interior

Ridedown, Longitudinal <20.49 10.7 0.1079 - 0.1179 seconds

(8) 15.0

Ridedown, Lateral (g) <20.49 12.8 0.1032 - 0.1132 seconds
15.0

Theoretical Head N/A 10.4 0.0988 seconds on right side of

Impact Velocity (THIV) interior

(m/s)

Acceleration Severity N/A 1.5 0.0955 - 0.1455 seconds

Index

50-ms Moving Avg.

Accelerations (MA) N/A -10.6 0.0680 - 0.1180 seconds

Longitudinal (g)

50-ms MA Lateral (g) N/A -10.6 0.0711 - 0.1211 seconds

50-ms MA Vertical (g) N/A -2.3 0.0428 - 0.0928 seconds

Roll (°) <75 8.4 3.7362 seconds

Pitch (°) <75 9.8 0.4161 seconds

Yaw (°) N/A 122.4 3.4877 seconds

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

13.8.  TEST SUMMARY

Figure 13.12 summarizes the results of MASH Test 3-10 (Test 620061-01-6).
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0.000s 0.2000 s 0.4000 s 0.6000s
GENERAL INFORMATION Exit Box Criteria: The vehicle met the exit box criteria
Test Agency: Texas A&M Transportation Institute (TTI) S ing Di . 137 ft downstream
Test Standard/Test No.: MASH 2016, Test 3-10 topping Distance: 6 ft to the traffic side

Project No.: 620061-01-6 TEST ARTICLE DEFLECTIONS

Test Date: 5/5/2025 Dynamic: 16.6 inches
Permanent: 8.0 inches
Type: Longitudinal Barrier Working Width: 31.0inches
Name: Merritt Parkway Guiderail Working Width Height: 30.0 inches
Length: 166 feet VEHICLE DAMAGE
Key Materials: Weathering steel, commercial lumber grade No.1, galvanized VDS: 01RFQ5
steel, Type D grade 1 crushed concrete road base CDC: 01FREW4
Soil Type and Condition:  Type D grade 1 crushed concrete, damp Max Exterior Deformation: 10 inches at the front bumper
TEST VEHICLE Max Occupant Compartment There was no deformation into the occupant

Type/Designation: 1100C Deformation: compartment
Year, Make and Model: 2019 Nissan Versa
Inertial Mass: 2434 1b Longitudinal OIV: 25 ft/s
Dummy Mass: 165 Ib Lateral OIV: 24.8 ft/s
Gross Static Mass: 2599 Ib Longitudinal Ridedown: 10.7¢g
Lateral Ridedown: 1285
Impact Speed: 62.6 mi’h THIV: 10.4 m/s
Impact Angle: 24.6° ASI: 1.5
Impact Location: 5.3 ft upstream from the centerline of the joint between Max 50ms Longitudinal: -106 g

) posts 7 and 8 Max 50ms Lateral: -10.6 g
Impact Severity: 55.3 kip-ft Max 50ms Vertical: -23g
Max Roll B.4°
Exit Speed: 40.5 mi/h Max Pitch: 9.8°
Trajectory/Heading Angle: 11.2°/17.0° Max Yaw: 122.4°

137"

) — Exit Angle 7y
6 { —- 53

Y ¥ PR
[ Fre, !
S : "; Impact Angle

Heading Angle  "—Exit Angle Box

Figure 13.12. Summary of Results for MASH Test 3-10 (Test 620061-01-6) on Merritt Parkway Guiderail.






CHAPTER 14.

SUMMARY AND CONCLUSIONS

Design concepts were developed to improve the crashworthy performance of the
Merritt Parkway Guiderail. The crashworthy performance of the Meritt Parkway Guiderail
was evaluated with computer simulations. A design concept that incorporated a 1-inch-
thick splice plate indicated the best crashworthy performance. Specifically, this design
concept resulted in stable redirection of the vehicle and ridedown accelerations below the
MASH limit. This design concept was selected for further evaluation with full-scale crash
testing.

The Merritt Parkway Guiderail with a 1-inch-thick splice plate was evaluated with
full-scale testing according to MASH TL-3. The system was first evaluated with a 4-inch curb.
The Merritt Parkway Guiderail with a 1-inch-thick splice plate failed to meet the MASH
criteria for Test 3-11. The leading edge of the pickup truck impact-side passenger door was
peeled back and opened a hole. Parts of the timber rail penetrated into the occupant
compartment through this opening.

After reviewing the results of the crash test, the primary cause of the door snag was
determined to be interaction between the vehicle and the splice joint. There was
significant displacement of the timber rails relative to each other leading to pocketing of
the pickup truck vehicle. This observed relative displacement was allowed through the
deflection and rotation of the 1-inch thick splice plate. To reduce the potential for this
snagging, another design concept was developed that moved the joint to midspan between
the posts. Computer simulation analysis of this design indicated satisfactory performance
for MASH TL-3. This design concept was considered for further evaluation with full-scale
crash testing.

The Merritt Parkway Guiderail with a 1-inch-thick splice plate and joints at midspan
was evaluated with full-scale crash testing according to MASH TL-3. The system was first
evaluated with a 4-inch curb. The Merritt Parkway Guiderail with a 1-inch-thick splice plate
and joints at midspan was found to be satisfactory for MASH TL-3. The system was then
evaluated without a curb. The system without a curb failed to meet the MASH criteria for
Test 3-11. The leading edge of the pickup truck impact-side passenger door was peeled
back and opened a hole. Parts of the timber rail penetrated into the occupant
compartment through this opening.

Another design concept was considered to improve the crashworthy performance
of the Merritt Parkway Guiderail system without a curb. This design concept incorporated
a 6-inch by 8-inch timber rubrail. This system was considered for further evaluation with
full-scale crash testing.
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The Merritt Parkway Guiderail with a 1-inch-thick splice plate, joints at midspan, and
a rubrail was evaluated with full-scale crash testing according to MASH TL-3. The system did
not have a curb present. The Merritt Parkway Guiderail with a 1-inch-thick splice plate,
joints at midspan, and a rubrail was found to be satisfactory for MASH TL-3.

Table 14.1 summarizes the evaluation of the Merritt Parkway Guiderail according to
MASH TL-3 criteria. The first system consisting of a 4-inch curb and 1-inch-thick splice
plates failed to meet the MASH TL-3 criteria (Test 620061-01-2). The second system
consisting of a 4-inch curb, 1-inch-thick splice plates, and joints at midspan met the MASH
TL-3 criteria (Tests 620061-01-1 and 620061-01-3). The third system consisting of no curb,
1-inch-thick splice plates, and joints at midspan failed to meet the MASH TL-3 criteria (Test
620061-01-4). The third system consisting of no curb, 1-inch-thick splice plates, joints at
midspan, and a rubrail met the MASH TL-3 criteria (Tests 620061-01-5 and 620061-01-6).

Two designs were developed and evaluated that met the MASH TL-3 criteria. The
first design had a 4-inch curb and incorporated a 1-inch-thick splice plate and joints at
midspan. The second design did not have a curb and incorporated a 1-inch-thick splice
plate, joints at midspan, and a rubrail. These two systems should be considered for use as
a MASH-compliant system. Additional details regarding the implementation of these
systems can be found in Chapter 15.
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Table 14.1. Assessment Summary for MASH TL-3 Evaluation of the Merritt Parkway Guiderail.

Test Test Test Test Test Test
. 620061- 620061- 620061- 620061- | 620061-01- | 620061-01-
Evaluation o
Criteria Description 01-1 01-2 01-3 01-4 5 6
(MASH (MASH (MASH (MASH (MASH Test | (MASH Test
Test 3-11) | Test3-11) | Test3-10) | Test 3-11) 3-11) 3-10)
Contain,
Redirect, or
A Controlled > > > > > >
Stop
No
Penetration
D into S FAIL S FAIL S S
Occupant
Compartment
F Roll a‘nd'Pltch S S S S S S
Limit
Oolv
H Threshold > > > > 5 5
Ridedown
| Threshold > > > > > >
Overall Evaluation Pass Fail Pass Fail Pass Pass
Note: S = Satisfactory; N/A = Not Applicable.
'See Table 4.2 for details
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CHAPTER 15.

IMPLEMENTATION

15.1.  LENGTH OF NEED - CURB CONFIGURATION

A design for the Merritt Parkway Guiderail was found to be compliant for MASH Test
Level 3 which included a 4-inch curb. The design incorporated two primary changes from
the original Merritt Parkway Guiderail system: (1) a 1-inch-thick splice plate at the joint
connection, and (2) joint connection moved to midspan. Detailed drawings of this design
are presented in Appendix A.2. The implementation of this system can be completed
through the inclusion of this design in standard drawings.

15.2.  LENGTH OF NEED — NO CURB CONFIGURATION

A design for the Merritt Parkway Guiderail was found to be compliant for MASH Test
Level 3 without a curb. The design incorporated three primary changes from the original
Merritt Parkway Guiderail system: (1) a 1-inch-thick splice plate at the joint connection, (2)
joint connection moved to midspan, and (3) inclusion of a 6-inch by 8-inch rubrail. Detailed
drawings of this design are presented in Appendix A.4. The implementation of this system
can be completed through the inclusion of this design in standard drawings.

The rubrail should be terminated prior to the transition section. As shown in the
drawings in Appendix A.4, this consists of the final rubrail piece ending prior to the first
concrete curb in the transition section. As this system is intended for use with one-way
traffic, there was no consideration for terminating the rubrail behind a post to protect the
end of the rubrail.

15.3. TRANSITION

The Merritt Parkway Guiderail transitions from the standard length of need section
to a vertical concrete parapet section. A transition system that connects these two sections
was previously evaluated and found to be satisfactory according to MASH Test Level 3 (7).
The changes made to the length of need sections discussed in the previous sections would
not influence the performance of the transition system. Thus, this transition system should
be considered for implementation. Detailed drawings for this transition system are
presented in Appendix A.2 and A.4. The implementation of this transition system can be
completed through the inclusion of this design in standard drawings.

Transitions to concrete parapets or bridge railings different than what was tested
previously (7) may require additional analysis. Recommendations were also made by TTI (3)
regarding which variations should be considered acceptable and which may require further
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analysis when attaching thrie beam transitions to rigid barriers. The guidance developed
under that project should be considered in most applications for the Merritt Parkway
Guiderail system.

15.4.  OTHER CONSIDERATIONS

In median applications, this should be considered acceptable for use with a double-
sided rail configuration. This applies for the LON curb MASH TL-3 design and LON without
curb MASH TL-3 design. The addition of the secondary rail (and secondary rubrail for no-
curb configuration) will result in a slight increase in overall system stiffness. However,
there are no concerns with this additional system stiffness affecting the overall
crashworthiness of the system in a median design application. This recommendation
further applies to the use of double-sided rail in the transition section.
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Notes

1a. Drill 224" holes for Posts. Backfill Post holes and around Anchor Block with Type D grade 1 crushed concrete road base, compacted to MASH
standard.

1b. Threads nct shown cn Bolts, Nuts, etc for clarity.
1c. Material:

Steel: All steel posts, back-up rails, splice plates and channel rubrails which are to be used as “Weathering Steel”, shall meet the requirements of
ASTM A588. The fabricator shall notify the manufacturer that it is “Weathering Steel” (structural steel for use in bare, unpainted applications) and that
the steel shall not be marked with paint or steel die stamped, but identification shall be stenciled with permanent ink. The dimensions of each
component shall conform to the plans and ASTM A8. All steel posts shall be galvanized after fabrication to meet the requirements of ASTM A123 and
conform to the galvanizing limits and tolerances shown on the plans. A single 34" diameter hole may be drilled 2” from the top of each post, in the
center of the wehb, to facilitate the galvanizing process on the bottom of all posts.

Timber: All timber rail and block-out components shall conform with the following:

a) Commercial lumbker grade No. 1 or better after treatment;

b) AASHTO M 168;

¢) Minimum stress rating of 1350 psi

d) Rough sawn (non-planed) or $48 (surface four side) Southern Yellow Pine or Douglas Fir- Larch with nominal dimensions as indicated on the
plans. Variations in the size of any dimensicn shall not be more than + /4"

e) All timber components shall be pressure treated with CCA or ACZA depending on species supplied conforming to AWPA Standard P5to a
minimum net retention of 0.60Ib/cubic foot in the assay zone in accordance with AWPA Standard C14.

) All timber components shall be fabricated (including but not necessarily limited to cutting, drilling, dapping and chamfering) prior to treatment.

g) All timber components shall be free of excess preservative and solvent at the conclusion of the treating process. Post treatment cleaning shall be
by expansion bath or steaming in accordance with AWPA Standard C2;

h) Kiln or air dried to a maximum moisture content of 25% after treatment (KDAT - 25);

i) Grade-marked after treatment by an agency certified by the American Lumber Standard Committee (ALSC).

Fasteners:
a) Round head bolts shall be manufactured in accordance with the sizes designated on the plans, the geometric specifications included in ANSI
B18.5.1.2.2 and the material specifications for ASTM A449 steel. All round head bolts shall be marked with the manufacturers symbol and A449.
b) Hex Lag Screws shall be manufactured in accordance with ASTM A307 Grade A specifications. All Hex Lag Screws used between the Anchor
Block and Post 2 shall be hot-dipped galvanized in accordance with ASTM A153 Class C.

c) Nuts, and Washers shall be ASTM A449 steel.
/‘-‘ Texas A&M Roadside Safety and
Transportation Physical Security Division -
| lnstitl.’r’ga Proving Ground

Project #620061 with Curb Merritt Parkway 2024-08-30

Drawn by GES | Scale 1.250 Sheet 1 of 12 Notes
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Test Installation

et 166'-0" -
— Transition / 20'-0" 2 556,%,10'
le— 100'-0" Length of Need L
14"+| 10sp. @ 10’ w 241
A i= 50%-0" =J| - % jSee 2a
E v A, o~ i - v
T e——— |1
Plan View «_Anchor Section
B C 29"-3i4"
18 16 14 12 11 10 9 8 7 6 5 4 3 2 1 Post Numbers
T e = % 1w s e o T ans ans ran3
[ITT [ [ [ [ l L
G- Elevation View

Round Head Balt, 5/8" x 7" N
with Flat Washer and Hex Nut - 100

o Post
Typ x 2, through Splice Plate, |
Blockout, and Post Lag Screw, 5/8 x 4" Standard Backup Plate .
/Typ x 4 at each Rail \ Splice P'ate\‘
M M M M 3 o [ & M o A . o

! ’ ;

\—Round Head Bolt, 3/4 x 8 12« Imber Rail —— 112" Typ 3[3:3"- ’36
with Flat Washer and Heavy Hex Nut Post spacing and Rail details typical
12" Typical x 8 at all Posts - all Posts in Length of Need and
(o8 s | ee Anchor Section unless otherwise
26" &9 ! ee indicated. Connection details typical
30" at all Posts except 14 and 16 - 19.
A [ ] .
[ Rigl 16" R1/2" Detail B
Scale 1:20
C-1
0 jf} \\///i 4" ‘ 2a. This dimension is from the traffic side face of
1o ¥4 . i _ i X
V\/\\/\\/i\/// 4,000 psi the Traffic Ralil to the center of the Anchor Black.
\Q/ \/Z>y//,\’ “ concrete > i
A . = Texas A&M Roadside Safety and
Section C-C . &= Transportation Physical Security Division -
4914 v Scale 1 50 Detail C-1 ‘ Institute Proving Ground
- - Scale 1:10 Project #620061 with Curb Merritt Parkway 2024-08-30
Drawn by GES | Scale 1.250 Sheet 2 of 12 Test Installation
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o T S
Transition Terminal Rail . Transition Rail
Plan View
Washer, 1" Flat
19 18 17 16 15 14 13 Post Numbers
Nut, 1" heavy hex . Gy
[ee - 4, °. T T - 2 | e {

T I T T
S s | R I | ]
G
F
Terminal Curb Section ™~—Post
Elevation View Post - -
Typical Curb Section (x 9)
; 1-1/2"
I
Nut, 5/8 hex . \//\\\//\\\,
142 \//\/4/
Washer, 5/8 Flat Standard Backup Plate Rebar,SGSISS" x12" \///\\\j/
i ee 3a
Timber Blockout\‘ [ FLag Sorew, 5/8 x 4" Detail D \A\/y

Scale 1: 20 . NN
? 9 J / é Some components hidden for clarity S%Ctﬂoq] (236(3 I
¥ ik cale 1 :

& 1 ] 3a. Secure rebar in Parapet with Hilti RE-500 V3
L gn epoxy, according to manufacturer's instructions.
\
Detail E \ ? = Texas ASM PhRqadlsge S?tfetg.aﬂf.‘ i
) Scale 1:10 Round Head Bolt, 5/8 x 12" . /‘ ,T,','Z?,-?,',’;’e""‘""" ys'Cgroviﬁgucr;'rgun&wswn
Typical @ Posts 14 and 16 - 19 Detalll F Project #620061 with Curb Merritt Parkway 2024-08-30
Scale 1: 20 Drawn by GES | Scale 1:50 Sheet 3 of 12 Transition Details
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Typical Curb Bar

Typical Curb Bar

1-1/2"

.ﬁ
[k

15"

R
t

3000 psi Concrete

Nut, 1/2 hex coupling

Bolt, 1/2" x 2" hex

1-1/2" cvr

Curb Sections

Rebar, &3/8" x 13"

14723-1,’2"44 _t 1-1/2" cvr

Typical Curb Section Typ 4 sides Typ 3 sides

DI
((

- - 12"
/& r'es P2-1/4"

Typical Curb Bar
A3/8" Rebar

S \Accereditation-17025-2017\EIR-000 Project Files\620061-01 - Menit Parkway Guide Rail -

Terminal Curb Section
(see Typical Curb Section for all details not shown here)

rizv';w

[ .

B2-1/4"
’ Terminal Curb Bar
‘ @3/8" Rebar

/‘-‘ Texas A&M Roadside Safety and
Transportation Physical Security Division -
| lnstitl.’r’ga Proving Ground

Project #620061 with Curb Merritt Parkway 2024-08-30
Drawn by GES | Scale 1:10 Sheet 4 of 12 Curb Sections
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Anchor Details

B1-318" (x 4)—

L 16-1/2"
\ 13-1/2"

10-1/2"
\ 7-1i2"

Yl

—&0"

D1 (x 8)—

|l

==
—
al

& 0"

Elevation View
Field Side

Anchor Bracket
WT 15 x 86.5
Galvanize after all
fabrication is complete.
Scale 1:10

28-3/4"

Anchor Bracket

Nut, 1-1/4" heavy hex

Washer, 1-1/4 Flat
Typical x 4

Round Head Bolt, 3/4 x 8"
Washer, 3/4 Flat

Nut, 3/4 heavy hex A563
Typical x 4

Detail H
Scale1:20

5a. All steel components, from the Anchor Block up to Post 2,
including hardware and the Splice Plate at Post 2, but excluding

the rebar in the Anchor Block, shall be galvanized.

/‘-‘ ,'l_'exas ASM
ransportation
Al I;siitute

Project #620061 with Curb Merritt Parkway
Drawn by GES | Scale 1:50
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Anchor Block

B7 Threaded Rod, @1 1/4" x 18" (x 4)

10-1/2" o 10-1/2"
j -— 3" Typ

U-bar, top (x 2)

C 39

3000 psi Concrete

U-bar, middle (x 2)

Grade 60 rebar
@1/2" x 31" (x 4)

U-bar, bottom (x 2) Elevation Views

1
‘ a6
[ 32-314"
T
17-3/4"

!

\/7— 3-3/4"
0"

3" cover Abl‘ L_ -

10-01-5¢0¢

D 12" —r— D127 —f— B 1/2" —j—
23" 2E | 21
) ) I ) I N
i DA " i 1~ it * 1 "
e 29-172' —»] o3 |le— 27174 —» @3 le— 2434 —»] o3
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Grade 60 rebar Grade 60 rebar

Grade 60 rebar
= Texas A&M Roadside Safety and
= Transportation Physical Security Division -
Al ;stitute Proving Ground
Project #620061 with Curb Merritt Parkway 2024-08-30
Drawn by GES | Scale 1:20 Sheet 6 of 12 Anchor Block
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Nut, 5/8 hex (x 2)

Washer, 5/8 flat (x 2)

— -

. Post and Rail Assemblies
[— 2-3/4" Typ

[Timber Rail [Standard Backup Plate [Lag Screw, 5/8 x 4" (x 4)
y

/
[ e . o N - o ) 2 o o o |
| el o o (=] o |
Post Assembly Rail Assembly
Pl Vi n n
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— ./7 Transition Rail Standard Backup Plate Lag Screw, 5/8 x 4" (x 4)
o o Lo} fe =} C _ "
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[ ] ‘ ¥
[ e e y AN ]
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— LI Field side shown
Post Assembly Post Assembly
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and 16-19

/‘-‘ ,'l_'exas ASM
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Al I;siitute

Project #620061 with Curb Merritt Parkway
Sheet 7 of 12 Post and Rail Assemblies

Drawn by GES | Scale 1:20
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Backup Plates
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Notes

1a. Drill 224" holes for Posts. Backfill Post holes and around Anchor Block with Type D grade 1 crushed concrete road base, compacted to MASH
standard.

1b. Threads nct shown cn Bolts, Nuts, etc for clarity.
1c. Material:

Steel: All steel posts, back-up rails, splice plates and channel rubrails which are to be used as “Weathering Steel”, shall meet the requirements of
ASTM A588. The fabricator shall notify the manufacturer that it is “Weathering Steel” (structural steel for use in bare, unpainted applications) and that
the steel shall not be marked with paint or steel die stamped, but identification shall be stenciled with permanent ink. The dimensions of each
component shall conform to the plans and ASTM A8. All steel posts shall be galvanized after fabrication to meet the requirements of ASTM A123 and
conform to the galvanizing limits and tolerances shown on the plans. A single 34" diameter hole may be drilled 2” from the top of each post, in the
center of the wehb, to facilitate the galvanizing process on the bottom of all posts.

Timber: All timber rail and block-out components shall conform with the following:

a) Commercial lumbker grade No. 1 or better after treatment;

b) AASHTO M 168;

¢) Minimum stress rating of 1350 psi

d) Rough sawn (non-planed) or $48 (surface four side) Southern Yellow Pine or Douglas Fir- Larch with nominal dimensions as indicated on the
plans. Variations in the size of any dimensicn shall not be more than + /4"

e) All timber components shall be pressure treated with CCA or ACZA depending on species supplied conforming to AWPA Standard P5to a
minimum net retention of 0.60Ib/cubic foot in the assay zone in accordance with AWPA Standard C14.

) All timber components shall be fabricated (including but not necessarily limited to cutting, drilling, dapping and chamfering) prior to treatment.

g) All timber components shall be free of excess preservative and solvent at the conclusion of the treating process. Post treatment cleaning shall be
by expansion bath or steaming in accordance with AWPA Standard C2;

h) Kiln or air dried to a maximum moisture content of 25% after treatment (KDAT - 25);

i) Grade-marked after treatment by an agency certified by the American Lumber Standard Committee (ALSC).

Fasteners:

a) Round head bolts shall be manufactured in accordance with the sizes designated on the plans, the geometric specifications included in ANSI
B18.5.1.2.2 and the material specifications for ASTM A449 steel. All round head bolts shall be marked with the manufacturers symbol and A449.

b) Hex Lag Screws shall be manufactured in accordance with ASTM A307 Grade A specifications. All Hex Lag Screws used between the Anchor
Block and Post 2 shall be hot-dipped galvanized in accordance with ASTM A153 Class C.

c) Nuts, and Washers shall be ASTM A449 steel.

/‘-‘ Texas A&M Roadside Safety and
Transportation Physical Security Division -
| lnstitl.’r’ga Proving Ground

Project #620061 with Curb v2 Merritt Parkway 2024-11-25
Drawn by GES | Scale 1.250 Sheet 1 of 13 Notes
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Test Installation

Some Detail and Section Views on next sheet

— Transition 7 20-0"

165-11"

Length of Need / 100'-0"

I‘i 50-0" 4>|

Plan View

9 spaces at 10"/ 90'-0"

-]
L

= T

T I T T

34-1/4"
See 2a

Post Numbers

|

c
20 18 16 15 I13 12 "
i

Elevation View D=
Round Head Bolt, 5/8 x 12" Post
#33 f:r:\t”é:(’;i ;g:l with Flat W?rs;t;e; gnd Hex Nut Standard Backup P|at91 Splice Plate
Y S Jﬂj—mﬂﬁ
! ;
\Round Head Bolt, 3/4 x 8 1/2" frmeral S?:g": %

with Flat Washer and Heavy Hex Nut

Typical x 8

2a. This dimension is from the traffic side face of
the Traffic Rail to the center of the Anchor Block.

Post spacing and Rail details typical all Posts in Length of

Need and Anchor Section unless otherwise indicated.
Connection details typical at all Posts except 14 and 16 - 19.

]

Drawn by GES
S \Accereditation-17025-2017\EIR-000 Project Files\620061-01 - Merrit Parkway Guide Rail - Schulz\Drafting, v2 with curb\620061 w curb Drawing
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2024-11-25

Sheet 2 of 13 Test Installation
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Detail and Section Views

|<— 26 —FF—H— 12" 17
30" iy
Nut, 5/8 hex /§/
=
Washer, 5/8 F844 [ /
asner. Round Head Bolt, 74 |
Nut, 3/4 hex 5/8" x 7"
Washer, 3/4 F844 Splice Plate

ﬁ_ﬂ_ . . L - 0"%(/::” E\(/ ///\ //\M

R R
QAKX

ARN07777 77 NSNS
~— = 12 Y/ / // //)/ZA// >,/
,, SEL
S[zfgil;;o\mund Head Bolt, 3/4 x 8 1/ AN //\> M //X S%S:l:g? | EO'D

Typ at Posts 1, 14, and 16

oo
12" Typ 49-1/ || B s B
ﬂ — R1/2"
8 6 g @ @ | 4,000 psi
i 88 kel @ @ | concrete
I ] u\/\ 1
Detail C
Scale 1:10

/‘-‘ Texas A&M Roadside Safety and
Transportation Physical Security Division -
| lnstitl.’r’ga Proving Ground

Project #620061 with Curb v2 Merritt Parkway 2024-11-25
Drawn by GES | Scale 1.250 Sheet 3 of 13 Detail and Section Views
S \Accereditation-17025-2017\EIR-000 Project Files\620061-01 - Merrit Parkway Guide Rail - Schulz\Drafting, v2 with curb\620061 w curb Drawing



9:1-10-1900¢9 'ON "L

0Sl

10-01-5¢0¢

3 sp. @ 60"

Transition Details E 4 ep. @ 30" 150"
147 Terminal Backup Plate
N ] I \ / |
AT RN
Timber Rail

F L
Transition Terminal Rail Plan View

20 19 18 17 16 15 14 13 PostNumbers
~—

3 . RIE . 3

k
// ﬂ\ H H j Elevation View

Nut, 1" heavy hex
Y ¥~ post
Washer, 1" F436

Terminal Curb Section Typical Curb Section (x 9)—

Post ; 1-1/2"
Nut, 5/8 hex 1/9"
Washer, 5/8 Flat Standard Backup Plate Rebar,SGSIS" x12"
Timber Blockout . ee 4a
! ! \ [ FLag Screw, 5/8 x 4" Detail F

Scale 1: 20 . NI
§ -] J / é Some companents hidden for clarity Section I-] <\/4\\/’>
J Scale1:20

limil

4 1 . \ 4a. Secure rebar in Parapet with Hilti RE-500 V3
B wiy 8" epoxy, according to manufacturer's instructions.
R |
o
\ :q}'{?jj /‘.‘ Texas A&M Roadside Safety and
[ - Transportation Physical Security Division -
SDe|t81” % Reund Head Bolt, 5/8 x 12" Detail H A lnstitgg; Proving Ground
cae 1 - etai . . :
Typical @ Posts 2-13, 15, and 17 - 20 Seale 1 : 20 Project #620061 with Curb v2 Merritt Parkway 2024-11-25
Drawn by GES | Scale 1:50 Sheet 4 of 13 Transition Details
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a
21"
.

.
O

718" cvr j

Typical Curb Bar

Typical Curb Bar

Curb Sections

Nut, 1/2 hex coupling

1-1/2"

15"

.ﬁ
[k

3000 psi ConcreteJ
Typical Curb Section

DI
((

- - 12"
/& r'es P2-1/4"

Typical Curb Bar
A3/8" Rebar

S \Accereditation-17025-2017\EIR-000 Project Files\620061-01 - Menit Parkway Guide Rail -

1 1-1/2" cvr
Typ 4 sides

Bolt, 1/2" x 2" hex

Rebar, &3/8" x 13"

[y S TL 1-1/2" evr
Typ 3 sides
Terminal Curb Section

(see Typical Curb Section for all details not shown here)

rizv';w

(

_ 12"

B2-1/4"
/ﬂ ’ Terminal Curb Bar

@3/8" Rebar

/‘-‘ Texas A&M Roadside Safety and
Transportation Physical Security Division -
| lnstitl.’r’ga Proving Ground

Project #620061 with Curb v2 Merritt Parkway

2024-11-25

Drawn by GES | Scale 1:10 Sheet 5 of 13 Curb Sections

Schulz\Drafting, v2 with curb\620061 w curb Drawing
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11-1/2"

Anchor Details 100"
60" o3 Dimensions to top of Post

2 Elevation View 3
Field Side L
Anchor Bracket
0 \ S Nut, 1-1/4" heavy hex
G\ B B ,'jr} Y g
’ ! A ™~ . Washer, 1-1/4 Flat
N R FE U R \ Typical x 4
! _ ! _ & 1o N Round Head Bolt, 3/4 x 8" .
v AN Washer, 3/4 Flat Detail J
i T N Nut, 3/4 heavy hex A563 Scale 1:20
1-3/8" (x 4) ’ y
@ (x4) . . . \ . Typical x 4
= - T H Anchor Bracket ~
- T OTOq= nchor bracke
) e 2 e u ) WT 15 x 86.5
i'= - - 5‘3 Galvanize after all
o fabricaéionI is1cl:$gnplete,
cale 1 6a. All steel components, from the Anchor Block up to Post 2,
D1" (x 8) — . including hardware and the Splice Plate at Post 2, but excluding
E-0+0-© the rebar in the Anchor Block, shall be galvanized.
| | | |
c O19-©
/‘.‘ Texas A&M Roadside Safety and
! Transportation Physical Security Division -
A ciithie Proving Ground
Project #620061 with Curb v2 Merritt Parkway 2024-11-25

Drawn by GES | Scale 1:50 Sheet 6 of 13 Anchor Details
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Anchor Block
g B7 Threaded Rod, @1 1/4" x 18" (x 4)
10-1/2" 10-1/2"
U-bar, top (x 2) :1 — 3" Typ 3 L 39"
0 Y
3000 psi Concrete ’ — \

U-bar, middle (x 2)

Grade 60 rebar
@1/2" x 31" (x 4)

1
k_32_3/ "
T
17-3/4"
\/7— 3-3/4"

3" cover Abl‘ L_ -

U-bar, bottom (x 2) Elevation Views

!

D 12" — - D127 —jj-— B 112" —|-—
23u 23" | 23u

- - N

2911 —wf @3 le— 271 — ol P3 le— 2o 30—l %3

U-bar, bottom U-bar, middle U-bar, top
Grade 60 rebar Grade 60 rebar Grade 60 rebar
/‘.‘ Texas A&M Roadside Safety and
Transportation Physical Security Division -
A ciithie Proving Ground
Project #620061 with Curb v2 Merritt Parkway 2024-11-25
Drawn by GES | Scale 1:20 Sheet 7 of 13 Anchor Block
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Post Assembly

Plan

View

Scale 1:10

Nut, 5/8 hex (x 2)

Washer, 5/8 flat (x 2)

Post and Rail Assemblies

[— 2-3/4" Typ

[Timber Rail [Standard Backup Plate /—Lag Screw, 5/8 x 4" (x 4)

y /
Splice Plate I 2o - e _ @ ) 2 ° ° o I
/,
o o o) Joo o)
oo © oo ‘ o .
[ =] Rail Assembly
J Typical from Anchor Block to Post 16
x Timber Blockout (center holes not used from Anchor Block to Post 1)
Timber Blockout Field side shown
s
POSt/ ’4*23/" Transition Terminal Rail Terminal Backup Pl
o _T - ransition Terminal Rai erminal Backup Plate 3.3/4"
xF’ost /_ AT r_
I .d
o9 - @ - - [te)]
[ e = - CE "= - - e - —|——
Rail Assembly
@ Posts 16 - 20
Field side shown
Post Assembly Post Assembly

Typical at Posts

1,14, and 16 Typical at Posts 2-13,

15, and 17-20

/‘-‘ Texas A&M Roadside Safety and
Transportation Physical Security Division -
| lnstitl.’r’ga Proving Ground

Project #620061 with Curb v2 Merritt Parkway 2024-11-25
Drawn by GES = Scale 1:20 Sheet 8 of 13 Post and Rail Assemblies
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. 15 ;1-1/3-- Rail Parts -
' — 3 8 3 & 2 o B b
f 17—y - e IR
o O C)” c O ? ®-H—- 1 - - O j
; 6" Lo | T -
o O ”(D o O i d}—@———%—%} —
. . K -]
Bent Splice Plate Section K-K 2 x 3/4" X 2-1/4" THRU ALL
See 9a Scale 1:10

8 x 7/8" X 1-1/4" THRU ALL

3 Splice Plate
o \ﬂ* Steel Plate, 6" x 1"
o * i

3-1/4" 7,1/ J PO S P~ "
6-1/4" H 0" e | R
G3M4" (x 2) —/ i
o 11 3-1/4" O R
U Timber Blockout
M 6-1/4" Scale15 [0
/. i
W6x15 x 78"—/ = 54" ! N
galvanized H 34" (x 2)
See b ! 19" Y
~ )
9b. Three posts shall be galvanized the full length (Posts 1 - 3).
Post 9¢. Galvanize two Splice Plates (used at Post 1 and the joint
Scale 1:20 between Posts 2 and 3).
= Texas A&M Roadside Safety and
9a. Used between Posts 3 and 4; all other details same as standard /‘ Transportation Physical Security Division -
Splice Plate (Standard Splice Plate is not bent). May be bent or cut Al Insiitute Proving Ground
and welded according to standard industry practice. Project #620061 with Curb v2 Merritt Parkway 2024-11-25
Drawn by GES | Scale 1:10 Sheet 9 of 13 Rail Parts
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b 3
}_ [ = =
N = =T =
[ = ¥ 3 N - = = = -
6" L\ @31’8" E ) ! = g I X e ;r
F o= 3] - < 2] o X
— o™N - ™M v 1 1 ! = I o
! ! ! . <r ~— (s8] =T o -— [ =
%\% =] o o M~ 0 1D < [ ~ o O
= - - - -l - - |
- -t -t -t -t -t -t

1-1/2"

]
A

AN L -
Pilot Hole for

¢
Lag Screw (x 4) B B B | _ _ _ |
TN . —T—————h112
. /' * Typ each end
Section L-L .,
_ @13/16" (x8) Lo Pilot hele for lag screws 1-1/2
Scale 1:10 Wy, an
34" (x 2) ©3/8"x 3" - Typ 4 places ) .
Timber Rail

6" x 12" (nominal)

|—
__
y-Z
__
ot
Yoo
ot

N N _
= < o & ¥ .- .. - - -
o - 5 - N 5 = % = = =
- o = = = = = = = & X
= NN = o - o - o - & - 9
-— - — — ()] 2] 2] « > ™ [aY) — (=)
ettt g - Lt Lt g
1-172" I ’ / /— /‘
¢ A
1-1/2"
@1-1/8" @3/4" (x 8) ‘.‘ Texas A&M Roadside Safety and
(x4) iti i i Transportation Physical Security Division -
Transition Term_lnal Rail o 2nepor B
B2-1/4" 8" x 12" (nominal)
Project #620061 with Curb v2 Merritt Parkway 2024-11-25

Drawn by GES | Scale 1:20 Sheet 10 of 13 Timber Rail Details
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Backup Plates

ar

See 11a
o & o 9@ Y = Y = NN
=t 2! ! «© [=o B Y ¢ ] Al @ o o WD I~ = = =
[+>] [+> I ] @D 0 o M~ [Co I Ty} <t N - WO [l
3n Lttt |t - [ |ttt \ﬁ 1-1/2"
B M Y AN ¥
| ,4&7’ >~ | _ _ - I _ ~ —_ 1 - — & 1
e P
DA (x 4) @13/16" (x 8)
Standard Backup Plate
Slot, 3/4" x 1-1/2" (x 6) Steel Plate, 6" x 3/8"
(Not utilized when Post spacing is 10" See 11b

i 9-7-1/2"
Iy 85-1/2"

i 55-1/2"

i 25-1/2"

o
|

—
_

i 12'-2-3/4"
i 11'-8-3/4"

ﬂr 9-10-1/2"
/—“— 88-1/2"

_/—“— 58-1/2"

Py 28-1/2"

F {*1 -1/2"

0 — i 12'-8-3/4"

—T— i 13-6"
lll

0

|

T

b

.

Slot, 1-1/8" x 2-1/2" (x 4) j Terminal Backup
Slot, 3/4" x 1-1/2" (x 8)

11a. Galvanize two Standard Backup Plates (used from Anchor Block
to Post 1 and Post 1 to the joint between Posts 2 and 3.

11b. Slots at 25-1/2" , 28-1/2" | 85-1/2" ,and 88-1/2" are not used in
this installation. Slots at 55-1/2" and 58-1/2" are not used at all locations.

Plate

Steel Plate, 6" x 3/8”

]

D13/16" (x 4)

= Texas A&M
Transportation
Institute

=

an

g_w\ e

Roadside Safety and
Physical Security Division -
Proving Ground

Project #620061 with Curb v2 Merritt Parkway 2024-11-25

Drawn by GES
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Parapet

Anchor Bolt, @1" x 16" x 4"

— i A449
164/2" W

x4)
| e
\ K
o o n 0"

“““ Y 72
i3
=~ 10-1/2"
T T T 1T T T T T T 1 Detail N J
Plan View Scale 1: 20
V) — /\FN
Elevation Views )
V) !
| 1172 5 &j %
Rebar, @1/2", x 4 each face @ 8-1/2" \{Tﬁ | 33" :'r ©
S| )
S-Bar @ 6" ‘: ,
Rebar, @5/8" x 52" @ 6" 'S 20"
Rebar @1/2" @ " U-bar @ 6" [ . L‘k_ 18-1/2" 12a. .SeCUre with Hilti HIIT-RE 500 V3 epoxy
Typ both mats T 1-1/2" ovr according to manufacturer's instructions,
with 6" embedment, at 18" spacing.
Rebar, @5/8" x 18" |<— 1-1/2" X 3" 12b. Chamfer top edges of Wall, and vertical
See 12a adges where shown, 3/4" each way.

Existing Concrete é

Section M-M
Scale 1: 20

L o
U1 172" cur

LRebar, @25/8" x 52" @ 18"

12c. Concrete strength is 3600 psi, and all
rebar is grade 60.

12d. Rebar dimensions are to center unless
otherwise indicated by "cvr” (cover).

Texas A&M Roadside Safety and

* 18"
" o Transportation Physical Security Division -
e don /‘ lnstm'r’ga Proving Ground

—————————————— 58" ———————————————— ]

Project #620061 with Curb v2 Merritt Parkway 2024-11-25

Drawn by GES

Scale 1:50 Sheet 12 of 13 Parapet
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- 7-1/2" ——-

/ @3-34"T
@ yp "
D2" Typ

25"
31-1/2"
:j I
|<78”—> —J L—QH/Z"
U-bar
- = Texas A&M Roadside Safety and
" S-Bar . " /‘ Transportation Physical Security Division -
112 —» B1/2 s e Proving Ground
Project #620061 with Curb v2 Merritt Parkway 2024-11-25
Drawn by GES Scale 1.5 Sheet 13 of 13 Rebar
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10 9 8 7 6 5 4 3 2
! ‘\
\
5.0" e L T
3-10 25°
10 9 8 7 6 5 4 3 2
| -
M -
14'-Q" T~
3-11 25

/‘-‘ ,'l_'exas ASM
ransportation
Al I;siitute

Roadside Safety and
Physical Security Division -
Proving Ground

10-01-5¢0¢

Project #620061 v2 with curb
Drawn by GES Sheet 2 of 3 no curb impacts
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Notes

1a. Drill 224" holes for Posts. Backfill Post holes and around Anchor Block with Type D grade 1 crushed concrete road base, compacted to MASH
standard.

1b. Threads nct shown cn Bolts, Nuts, etc for clarity.
1c. Material:

Steel: All steel posts, back-up rails, splice plates and channel rubrails which are to be used as “Weathering Steel”, shall meet the requirements of
ASTM A588. The fabricator shall notify the manufacturer that it is “Weathering Steel” (structural steel for use in bare, unpainted applications) and that
the steel shall not be marked with paint or steel die stamped, but identification shall be stenciled with permanent ink. The dimensions of each
component shall conform to the plans and ASTM A8. All steel posts shall be galvanized after fabrication to meet the requirements of ASTM A123 and
conform to the galvanizing limits and tolerances shown on the plans. A single 34" diameter hole may be drilled 2” from the top of each post, in the
center of the wehb, to facilitate the galvanizing process on the bottom of all posts.

Timber: All timber rail and block-out components shall conform with the following:

a) Commercial lumbker grade No. 1 or better after treatment;

b) AASHTO M 168;

¢) Minimum stress rating of 1350 psi

d) Rough sawn (non-planed) or $48 (surface four side) Southern Yellow Pine or Douglas Fir- Larch with nominal dimensions as indicated on the
plans. Variations in the size of any dimensicn shall not be more than + /4"

e) All timber components shall be pressure treated with CCA or ACZA depending on species supplied conforming to AWPA Standard P5to a
minimum net retention of 0.60Ib/cubic foot in the assay zone in accordance with AWPA Standard C14.

) All timber components shall be fabricated (including but not necessarily limited to cutting, drilling, dapping and chamfering) prior to treatment.

g) All timber components shall be free of excess preservative and solvent at the conclusion of the treating process. Post treatment cleaning shall be
by expansion bath or steaming in accordance with AWPA Standard C2;

h) Kiln or air dried to a maximum moisture content of 25% after treatment (KDAT - 25);

i) Grade-marked after treatment by an agency certified by the American Lumber Standard Committee (ALSC).

Fasteners:

a) Round head bolts shall be manufactured in accordance with the sizes designated on the plans, the geometric specifications included in ANSI
B18.5.1.2.2 and the material specifications for ASTM A449 steel. All round head bolts shall be marked with the manufacturers symbol and A449.

b) Hex Lag Screws shall be manufactured in accordance with ASTM A307 Grade A specifications. All Hex Lag Screws used between the Anchor
Block and Post 2 shall be hot-dipped galvanized in accordance with ASTM A153 Class C.

c) Nuts, and Washers shall be ASTM A449 steel.

/‘-‘ Texas A&M Roadside Safety and
Transportation Physical Security Division -
| lnstitl.’r’ga Proving Ground

Project #620081 without Curb v2 Merritt Parkway 2025-01-17
Drawn by GES | Scale 1.250 Sheet 1 of 13 Notes
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Test Installation

Some Detail and Section Views on next sheet

-t 165'-11" -
— Transition / 20"-0"
- Length of Need / 100'-0" -
147 ﬁ |t 9 spaces at 10"/ 90'-0" - 34-1/4"
A\% B | See 2a
: \ Anchor Section
Plan View 29-1-1/2"
c D -
20 18 16 15 I13 12 11 10 9 8 7 6 5 4 3 2 1 Past Numbers
I:E‘Lu_‘ ‘."."I',. , 'I :'”E; L10] 1K) Ln1; T CIL) TE Lan s T T ...—TZE” W
. . D
Elevation View
Round Head Bolt, 5/8 x 12" Post

Lag Screw, 5/8 x 4" with Flat Washer and Hex Nut Splice Plate
Typ x 4 at cach Rail Typx2 Standard Backup Plate
i . 1
Timber Rail )
\ mber Detail B

Round Head Bolt, 3/4 x 8 1/2" Scale 1:20

with Flat Washer and Heavy Hex Nut Post spacing and Rail details typical all Posts in Length of
Typical x 8 Need and Anchor Section unless otherwise indicated.
Connection details typical at all Posts except 14 and 16 - 19.

= Texas A&M Roadside Safety and
= Transportation Physical Security Division -
2a. This dimension is from the traffic side face of Al [nstitute Proving Ground
the Traffic Rail to the center of the Anchor Block. Project #620061 without Curb v2 Merritt Parkway 2025-01-17
Drawn by GES | Scale 1.250 Sheet 2 of 13 Test Installation

S \Acereditation-17025-2017\EIR-000 Project Files\620061-01 - Merit Parkway Guide Rail - Schulz\Drafting, v2 with curb\620061 without curb Drawing



9:1-10-1900¢9 'ON "L

991

10-01-5¢0¢

Detail and Section Views

Nut, 5/8 hex
Washer, 5/8 F844 —_
asner. Round Head Baolt,
Nut, 3/4 hex 5/8" x 7"
Washer, 3/4 F844 Splice Plate

ﬁ_ﬂ S om

~ ———

Detail A Round Head Bolt, 3/4 x 8 1/2"

Scale 1:10
Typ at Posts 1, 14, and 16

ﬂ r 12" Typ

o8 = || ee |
‘ ® & ' l"ﬁi @ @ '
Detail C
Scale 1:10

T A
K o
0" -b—
a1 ¥ L
Section D-D
Scale1:20

/‘-‘ Texas A&M Roadside Safety and
Transportation Physical Security Division -
| lnstitl.’r’ga Proving Ground

Project #620081 without Curb v2 Merritt Parkway 2025-01-17
Drawn by GES | Scale 1.250 Sheet 3 of 13 Detail and Section Views
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3 sp. @ 60"

Transition Details E 4 ep. @ 30" 150"
147 Terminal Backup Plate
N ] I \ / |
AT RN
Timber Rail

F L
Transition Terminal Rail Plan View

20 19 18 17 16 15 14 13 Post Numbers
-

3 . RIE . 3

k
// ﬂ\ H H j Elevation View

Nut, 1" heavy hex
y ¥~ post
Washer, 1" F436

Terminal Curb Section Typical Curb Section (x 9)—

Post ; 1-1/2"
Nut, 5/8 hex 1/9"
Washer, 5/8 Flat Standard Backup Plate Rebar,SGSIS" x12"
Timber Blockout . ee 4a
\ [ FLag Screw, 5/8 x 4" Detail F
Scale 1: 20 . <\\\\>>
? ] J '/ é Some companents hidden for clarity Section I-] P
J . 4 Scale1:20
T 0 4a. Secure rebar in Parapet with Hilti RE-500 V3
B wiy 8" epoxy, according to manufacturer's instructions.
R |
o
\ iffj Z Texas ASM Roadside Safety and
Detail G Round Head Bolt, 5/8 x 12" /“ Transportation Phy5|c|;al Security Division -
Scale 1:10 Detail H Institute roving Ground
Typical @ Posts 2 - 1::; 15 and 17 - 20 SCSea‘]I - 20 Project #620081 without Curb v2 Merritt Parkway 2025-01-17
' Drawn by GES | Scale 1:50 Sheet 4 of 13 Transition Details
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a
21"
.

.
O

718" cvr j

Typical Curb Bar

Typical Curb Bar

Curb Sections

Nut, 1/2 hex coupling

1-1/2"

15"

.ﬁ
[k

3000 psi ConcreteJ
Typical Curb Section

DI
((

- - 12"
/& r'es P2-1/4"

Typical Curb Bar
A3/8" Rebar

S \Accereditation-17025-2017\EIR-000 Project Files\620061-01 - Menit Parkway Guide Rail -

1 1-1/2" cvr
Typ 4 sides

Bolt, 1/2" x 2" hex

Rebar, &3/8" x 13"

[y S TL 1-1/2" evr
Typ 3 sides
Terminal Curb Section

(see Typical Curb Section for all details not shown here)

rizv';w

(

_ 12"

B2-1/4"
/ﬂ ’ Terminal Curb Bar

@3/8" Rebar

/‘-‘ Texas A&M Roadside Safety and
Transportation Physical Security Division -
| lnstitl.’r’ga Proving Ground

Project #620081 without Curb v2 Merritt Parkway

2025-01-17

Drawn by GES | Scale 1:10 Sheet 5 of 13 Curb Sections

Schulz\Drafting, v2 with curb\620061 without curb Drawing
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11-1/2"

Anchor Details 100"
60" o3 Dimensions to top of Post

2 Elevation View 3
Field Side L
Anchor Bracket
0 \\ Nut, 1-1/4" heavy hex
| 2P h
+ - - + 3
© | @ ™~ . Washer, 1-1/4 Flat
N R FE U R \ Typical x 4
! _ ! _ & 1o N Round Head Bolt, 3/4 x 8" .
v \\ Washer, 3/4 Flat Detail J
?1-3/8" (x 4)— — 15" s Nut, 3/4 heavy hex A563 Scale 1:20
i .= \ . Typical x 4
o o9 o = .
: T om o = . Anchor Bracket
‘?" ‘_‘ ‘_‘ T "“ © WT 15x86.5
[~ d‘) Galvanize after all
& 0" fabrication is complete.
Scale 1:10 Ba. All steel components, from the Anchor Block up to Post 2,
D1" (x 8) — . including hardware and the Splice Plate at Post 2, but excluding
E-0+0-© the rebar in the Anchor Block, shall be galvanized.
| | | |
c O19-©
/‘-‘ Texas A&M Roadside Safety and
! Transportation Physical Security Division -
A ciithie Proving Ground
Project #620081 without Curb v2 Merritt Parkway 2025-01-17
Drawn by GES | Scale 1:50 Sheet 6 of 13 Anchor Details
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Anchor Block
g B7 Threaded Rod, @1 1/4" x 18" (x 4)
10-1/2" 10-1/2"
U-bar, top (x 2) :1 — 3" Typ 3 L 39"
0 Y
3000 psi Concrete ’ — \

U-bar, middle (x 2)

Grade 60 rebar
@1/2" x 31" (x 4)

1
k_32_3/ "
T
17-3/4"
\/7— 3-3/4"

3" cover Abl‘ L_ -

U-bar, bottom (x 2) Elevation Views

!

D 12" — - D127 —jj-— B 112" —|-—
23u 23" | 23u

- - N

2911 —wf @3 le— 271 — ol P3 le— 2o 30—l %3

U-bar, bottom U-bar, middle U-bar, top
Grade 60 rebar Grade 60 rebar Grade 60 rebar
/‘-‘ Texas A&M Roadside Safety and
Transportation Physical Security Division -
A ciithie Proving Ground
Project #620081 without Curb v2 Merritt Parkway 2025-01-17
Drawn by GES | Scale 1:20 Sheet 7 of 13 Anchor Block
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Post Assembly

Plan

View

Scale 1:10

Nut, 5/8 hex (x 2)

Washer, 5/8 flat (x 2)

Post and Rail Assemblies

[— 2-3/4" Typ

[Timber Rail [Standard Backup Plate /—Lag Screw, 5/8 x 4" (x 4)

y /
Splice Plate I 2o - e _ @ ) 2 ° ° o I
/,
o o o) Joo o)
oo © oo ‘ o .
[ =] Rail Assembly
J Typical from Anchor Block to Post 16
x Timber Blockout (center holes not used from Anchor Block to Post 1)
Timber Blockout Field side shown
s
POSt/ ’4*23/" Transition Terminal Rail Terminal Backup Pl
o _T - ransition Terminal Rai erminal Backup Plate 3.3/4"
xF’ost /_ AT r_
I .d
o9 - @ - - [te)]
[ e = - CE "= - - e - —|——
Rail Assembly
@ Posts 16 - 20
Field side shown
Post Assembly Post Assembly

Typical at Posts

1,14, and 16 Typical at Posts 2-13,

15, and 17-20

/‘-‘ Texas A&M Roadside Safety and
Transportation Physical Security Division -
| lnstitl.’r’ga Proving Ground

Project #620081 without Curb v2 Merritt Parkway 2025-01-17
Drawn by GES = Scale 1:20 Sheet 8 of 13 Post and Rail Assemblies
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15 ;1 wg*  Rail Parts N A
[ — 5 h s 3 L
T C? o~ o™~ -~ - [de] o o
1"y I I v - (l‘)
o O C)!! c O ®-H— -1 - & - B
1 6" I ! j | % q
o o = o O i @ - @— - - %}
' K«F
Bent S:Spllt;e Plate Section K-K 2 X 3/4" X 2-1/4" THRU ALL
ee=a Scale 1:10
8 x 7/8" X 1-1/4" THRU ALL-
3" i ) Splice Plate
o \ﬂ“ & & Steel Plate, 6" x 1"
314" ¥ J S 2 .
61/4" H . \" - a— [ 4"
G3M4" (x 2) —/ i
o : 3-1/4" O ]
U Timber Blockout
M &-1/4" Scale1:5  [TTTTTTTTT
/. i
W6x15 x 78"—/ = 54" ! N
galvanized H 34" (x 2)
See b ! 19" Y
~ )
9b. Three posts shall be galvanized the full length (Posts 1 - 3).
Post 9¢. Galvanize two Splice Plates (used at Post 1 and the joint
Scale 1:20 between Posts 2 and 3).

9a. Used between Posts 3 and 4; all other details same as standard
Splice Plate (Standard Splice Plate is not bent). May be bent or cut
and welded according to standard industry practice.

/‘- ,'l_'exas A&M
ransportation
Al [nstitute

Project #620081 without Curb v2 Merritt Parkway
Sheet 9 of 13 Rail Parts

Drawn by GES | Scale 1:10
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b 3
}_ [ = =
N = =T =
[ = ¥ 3 N - = = = -
6" L\ @31’8" E ) ! = g I X e ;r
F o= 3] - < 2] o X
— o™N - ™M v 1 1 ! = I o
! ! ! . <r ~— (s8] =T o -— [ =
%\% =] o o M~ 0 1D < [ ~ o O
= - - - -l - - |
- -t -t -t -t -t -t

1-1/2"

]
A

AN L -
Pilot Hole for

¢
Lag Screw (x 4) B B B | _ _ _ |
TN . —T—————h112
. /' * Typ each end
Section L-L .,
_ @13/16" (x8) Lo Pilot hele for lag screws 1-1/2
Scale 1:10 Wy, an
34" (x 2) ©3/8"x 3" - Typ 4 places ) .
Timber Rail

6" x 12" (nominal)

|—
__
y-Z
__
ot
Yoo
ot

N N _
= < o & ¥ .- .. - - -
o - 5 - N 5 = % = = =
- o = = = = = = = & X
= NN = o - o - o - & - 9
-— - — — ()] 2] 2] « > ™ [aY) — (=)
ettt g - Lt Lt g
1-172" I ’ / /— /‘
¢ A
1-1/2"
@1-1/8" @3/4" (x 8) ‘.‘ Texas A&M Roadside Safety and
(x4) iti i i Transportation Physical Security Division -
Transition Term_lnal Rail o 2nepor B
G2-104" 6" x 12" (nominal)
Project #620081 without Curb v2 Merritt Parkway 2025-01-17

Drawn by GES | Scale 1:20 Sheet 10 of 13 Timber Rail Details
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Backup Plates

ar

See 11a
o & o 9@ Y = Y = NN
=t 2! ! «© [=o B Y ¢ ] Al @ o o WD I~ = = =
[+>] [+> I ] @D 0 o M~ [Co I Ty} <t N - WO [l
3n Lttt |t - [ |ttt \ﬁ 1-1/2"
B M Y AN ¥
| ,4&7’ >~ | _ _ - I _ ~ —_ 1 - — & 1
e P
DA (x 4) @13/16" (x 8)
Standard Backup Plate
Slot, 3/4" x 1-1/2" (x 6) Steel Plate, 6" x 3/8"
(Not utilized when Post spacing is 10" See 11b

i 9-7-1/2"
Iy 85-1/2"

i 55-1/2"

i 25-1/2"

o
|

—
_

i 12'-2-3/4"
i 11'-8-3/4"

ﬂr 9-10-1/2"
/—“— 88-1/2"

_/—“— 58-1/2"

Py 28-1/2"

F {*1 -1/2"

0 — i 12'-8-3/4"

—T— i 13-6"
lll

0

|

T

b

.

Slot, 1-1/8" x 2-1/2" (x 4) j Terminal Backup
Slot, 3/4" x 1-1/2" (x 8)

11a. Galvanize two Standard Backup Plates (used from Anchor Block
to Post 1 and Post 1 to the joint between Posts 2 and 3.

11b. Slots at 25-1/2" , 28-1/2" | 85-1/2" ,and 88-1/2" are not used in
this installation. Slots at 55-1/2" and 58-1/2" are not used at all locations.

Plate

Steel Plate, 6" x 3/8”

]

D13/16" (x 4)

= Texas A&M
Transportation
Institute

=

an

g_w\ e

Roadside Safety and
Physical Security Division -
Proving Ground

Project #620081 without Curb v2 Merritt Parkway 2025-01-17

Drawn by GES

Scale 1:20
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Parapet

1

rrn

1 6-1/2"

Plan View

V) —

I

N

V) !

Rebar, @1/2", x 4 each face @ 8-1/2" \W_
it p

Rebar, @5/8" x 52" @ 6"

Rebar, @1/2" @ 9"
Typ both mats

Rebar, @5/8" x 18"
Sestondd-M

U-bar @ 6"

- 127 )

Elevation Views

— ] | 1-1/2"

A449

Anchor Bolt, @1" x 16" x 4" (x 4)‘\

Detail N
Scale 1:20

—

R

¥

¢

26

S|

A

Scale 1: 20
Existing Concrete

Ul

33"

34-1/2"

—
i 18-1/2"

- 1-1/2" cvr

[+ 112"

L o
U1 172" cur

—————————————— 58" ———————————————— ]

L Rebar, @5/8" x 52" @ 18" *
— — 4" cvr

18"

-

Project #620081 without Curb v2 Merritt Parkway
Drawn by GES

. |

12a. Secure with Hilti HIT-RE 500 V3 epoxy
according to manufacturer's instructions,
with 6" embedment, at 18" spacing.

12b. Chamfer top edges of Wall, and vertical
edges where shown, 3/4" each way.

12c. Concrete strength is 3600 psi, and all

rebar is grade 60.

12d. Rebar dimensions are to center unless
otherwise indicated by "cvr” (cover).

Texas A&M
Transportation
Institute

Scale 1:50

S \Acereditation-17025-2017\EIR-000 Project Files\620061-01 - Merit Parkway Guide Rail - Schulz\Drafting, v2 with curb\620061 without curb Drawing
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ol 7-1/2" ————=
/ \\ f @ 3-3/4" Typ
i
@ 2u Typ
25"
31-1/2"
:j I
|<78”—> —J L—QH/Z"
L U-bar
N = Texas A&M Roadside Safety and
" S-Bar . " /‘ Transportation Physical Security Division -
112 —» B1/2 s e Proving Ground
Project #620081 without Curb v2 Merritt Parkway 2025-01-17
Drawn by GES Scale 1.5 Sheet 13 of 13 Rebar
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10 9 8 7 6 5 4 3 2

3-10 25°

10 9 8 7 6 5 4 3 2

/—‘ Texas A&M Roadside Safety and

A Tansportation Physical Security Division -

A lnstitl.’r’ga Proving Ground
Project #620061 v2 with curb

Drawn by GES Sheet 2 of 3 no curb impacts
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Notes

1a. Drill 224" holes for Posts. Backfill Post holes and around Anchor Block with Type D grade 1 crushed concrete road base, compacted to MASH
standard.

1b. Threads nct shown cn Bolts, Nuts, etc for clarity.
1c. Material:

Steel: All steel posts, back-up rails, splice plates and channel rubrails which are to be used as “Weathering Steel”, shall meet the requirements of
ASTM A588. The fabricator shall notify the manufacturer that it is “Weathering Steel” (structural steel for use in bare, unpainted applications) and that
the steel shall not be marked with paint or steel die stamped, but identification shall be stenciled with permanent ink. The dimensions of each
component shall conform to the plans and ASTM A8. All steel posts shall be galvanized after fabrication to meet the requirements of ASTM A123 and
conform to the galvanizing limits and tolerances shown on the plans. A single 34" diameter hole may be drilled 2” from the top of each post, in the
center of the wehb, to facilitate the galvanizing process on the bottom of all posts.

Timber: All timber rail and block-out components shall conform with the following:

a) Commercial lumbker grade No. 1 or better after treatment;

b) AASHTO M 168;

¢) Minimum stress rating of 1350 psi

d) Rough sawn (non-planed) or $48 (surface four side) Southern Yellow Pine or Douglas Fir- Larch with nominal dimensions as indicated on the
plans. Variations in the size of any dimensicn shall not be more than + /4"

e) All timber components shall be pressure treated with CCA or ACZA depending on species supplied conforming to AWPA Standard P5to a
minimum net retention of 0.60Ib/cubic foot in the assay zone in accordance with AWPA Standard C14.

) All timber components shall be fabricated (including but not necessarily limited to cutting, drilling, dapping and chamfering) prior to treatment.

g) All timber components shall be free of excess preservative and solvent at the conclusion of the treating process. Post treatment cleaning shall be
by expansion bath or steaming in accordance with AWPA Standard C2;

h) Kiln or air dried to a maximum moisture content of 25% after treatment (KDAT - 25);

i) Grade-marked after treatment by an agency certified by the American Lumber Standard Committee (ALSC).

Fasteners:

a) Round head bolts shall be manufactured in accordance with the sizes designated on the plans, the geometric specifications included in ANSI
B18.5.1.2.2 and the material specifications for ASTM A449 steel. All round head bolts shall be marked with the manufacturers symbol and A449.

b) Hex Lag Screws shall be manufactured in accordance with ASTM A307 Grade A specifications. All Hex Lag Screws used between the Anchor
Block and Post 2 shall be hot-dipped galvanized in accordance with ASTM A153 Class C.

c) Nuts, and Washers shall be ASTM A449 steel.

/‘-‘ Texas A&M Roadside Safety and
Transportation Physical Security Division -
| lnstitl.’r’ga Proving Ground

Project #620061 with rub rail Merritt Parkway 2025-02-13

Drawn by GES | Scale 1.250 Sheet 1 of 14 Notes

S \Accereditation-17025-2017\EIR-000 Project Files\620061-01 - Menit Parkway Guide Rail - Schulz\Drafting, with rub raifh2025-02-104620061 with rub rail Drawing
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Test Installation

Some Detail and Section Views on next sheet

[ 165I_1 1I| -
— Transition 7 20-0"
- Length of Need / 100'-0" -
@ ﬁ [ 9 spaces at 10' / 90'-0" L 34-1/4"
A\g | B | See 2a
Plan View ;A—A”gg?_q Section
c D -
20 18 16 15 13 12 11 10 9 8 7 6 5 4 3 2 1 Post Numbers
I:E-Lu_‘ : ,","I". , : I 1 E 1K) TTT T CIL) TE Luns T T “CT:E” W
. . D
Elevation View
Rub Rail
Round Head Bolt, 5/8 x 12" Post Splice Plate
Laa § 5/8 x 4 with Flat Washer and Hex Nut
ag screw, x 4" Tvp x 2
Typ x 4 at each Rail o o yp Standard Backup Plate— . ..

\ 2o [ =2 — 1 . [ e W oo L

\ Traffic Rail Detail B

Round Head Bolt, 3/4 x 8 1/2" Scale 1:20

with Flat Washer and Heavy Hex Nut Post spacing and Rail details typical all Posts in Length of
Typical x 8 Need and Anchor Section unless otherwise indicated.
Connection details typical at all Posts except 14 and 16 - 19.

e S
™o
—

2a. This dimension is from the traffic side face of the Traffic Rail

= Texas A&M Roadside Safety and
to the center of the Anchor Block. /‘ Transportation Physical Security Division -
2b. The Backup Plate, Splice Plate, and hardware for the Rub Al ;stitute Proving Ground
Rail is the same as for the Traffic Rail unless otherwise indicated. Project #620061 with rub rail Merritt Parkway 2025-02-13
Drawn by GES | Scale 1.250 Sheet 2 of 14 Test Installation

S \Accereditation-17025-2017\EIR-000 Project Files\620061-01 - Menit Parkway Guide Rail - Schulz\Drafting, with rub raifh2025-02-104620061 with rub rail Drawing
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Detail and Section Views

Nut, 5/8 hex
Washer, 5/8 F844 [
R““”Scja'f,'ea:" Bolt, Round Head Bolt, 5/8 x 12"
Nut, 3/4 hex x with Flat Washer and Hex Nut
Washer, 34 F844 Splice Plate Sl | —/- b/ Typx 2
ﬁ o : : A Round Head Bolt, 5/8" x 8"
147 with Flat Washer and Hex Nut
A E Ln// Typx2
0"
. Round Head Bolt, 3/4 x 8 1/2"
Detail A
Scale 1:10
Typ at Posts 1, 14, and 16
ﬂ r 12" Typ
Section D-D
. - Scale 1:20
8 ® R @ @ | s ¥ L
8® || | @@ |
Detail C
Scale 1:10

/‘-‘ Texas A&M Roadside Safety and
Transportation Physical Security Division -
| lnstitl.’r’ga Proving Ground

Project #620061 with rub rail Merritt Parkway 2025-02-13
Drawn by GES | Scale 1.250 Sheet 3 of 14 Detail and Section Views
S \Accereditation-17025-2017\EIR-000 Project Files\620061-01 - Menit Parkway Guide Rail - Schulz\Drafting, with rub raifh2025-02-104620061 with rub rail Drawing

Rub Rail does not attach to Post 14
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Transition Details : 4ep. @ 30" Gep @50
147 Terminal Backup Plate
= =T \ / I

=R T X |
Transition Terminal Rail Traffic Rail Plan View

Rub Rail does not attach to Post 14

20 19 18 17 16 15 14 13 Post Numbers
| -
X ., 7. > oo s | s ., s |;g‘ ﬁ { | |
// U |H .j [ :: =5 Elevation View
T T

1]
- : [T e ]
| N A I
Nut, 1" heavy hex H ~_ b ¢
Washer, 1" F436 o

Terminal Curb Section Typical Curb Section (x 9)—

Post ; 1-1/2"
Transition Curb
Nut, 5/8 hex 1/9"
Washer, 5/8 Flat Standard Backup Plate Rebar,SGSIS" x12"
Timber Blockout . ee 4a
\ [ Lag Screw, 5/8 x 4" Detail F
£, - X
Scale 1: 20 . N \\)
? ] J '/ é Some companents hidden for clarity Section I-] P
. 4 Scale1:20
T 0 4a. Secure rebar in Parapet with Hilti RE-500 V3
B wiy 8" epoxy, according to manufacturer's instructions.
R |
o
\ iffj Z Texas ASM Roadside Safety and
Detail G Round Head Bolt, 5/8 x 12" /“ Transportation Phy5|c|;al Security Division -
Scale 1:10 Detail H Institute roving Ground
Typical @ Posts 2 - 1::; 15 and 17 - 20 SCSea‘II - 20 Project #620061 with rub rail Merritt Parkway 2025-02-13
' Drawn by GES | Scale 1:50 Sheet 4 of 14 Transition Details

S \Accereditation-17025-2017\EIR-000 Project Files\620061-01 - Menit Parkway Guide Rail - Schulz\Drafting, with rub raifh2025-02-104620061 with rub rail Drawing
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a
21"
.

.
O

718" cvr j

Typical Curb Bar

Typical Curb Bar

Nut, 1/2 hex coupling

1-1/2"

15"

.ﬁ
[k

3000 psi ConcreteJ
Typical Curb Section

DI
((

- - 12"
/& r'es P2-1/4"

Typical Curb Bar
A3/8" Rebar

1 1-1/2" cvr
Typ 4 sides

Bolt, 1/2" x 2" hex

Curb Sections

Rebar, &3/8" x 13"

14723-1/2"44 _t 1-1/2" cvr
Typ 3 sides
Terminal Curb Section
(see Typical Curb Section for all details not shown here)

—

ﬂf

Terminal Curb Bar
@3/8" Rebar

/‘-‘ Texas A&M Roadside Safety and
Transportation Physical Security Division -
| lnstitl.’r’ga Proving Ground

Project #620061 with rub rail Merritt Parkway 2025-02-13
Drawn by GES | Scale 1:10 Sheet 5 of 14 Curb Sections
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11-1/2"

Anchor Details 100"
60" o3 Dimensions to top of Post

Field Side

D1-3/18" x 4 1~

2 Elevation View 3

Nut, 1-1/4" heavy hex

Washer, 1-1/4 Flat
Typical x 4

Round Head Bolt, 3/4 x 8"

Washer, 3/4 Flat Detail J
Nut, 3/4 heavy hex A563 Scale 1:20
Typical x 4

NN N
i} = = = o AN
= & ® o T z
[aY] - - = M~ (=}
|t -
= - ¢
. Anchor B k Ba. All steel components, from the Anchor Block up to Post 2,
1" x8 I nchor Bracket including hardware and the Splice Plate at Post 2, but excluding
(J:Ir} B Qf} {?} - (f} WT15x86.5 the rebar in the Anchor Block, shall be galvanized.
Galvanize after all
y O 1O-@ fabrication is complete
| Scale 1:10 /‘-‘ Texas A&M Roadsgie Safety and
Transportation Physical Security Division -
R R ‘ .'nstitgg; Proving Ground
Project #620061 with rub rail Merritt Parkway 2025-02-13
Drawn by GES | Scale 1:50 Sheet 6 of 14 Anchor Details
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9:1-10-1900¢9 'ON "L

S8l

10-01-5¢0¢

19-1/2"
U-bar, top (x 2)

3000 psi Concrete

Al
EEE%%EEEE%{%EEEE‘F
U-bar, middle {(x 2) o It l‘..'.
i 1 i '\
Grade 60 rebar i n ot u
@1/2"x 31" (x4) . & _________ b i
E=============:=3&

U-bar, bottom (x 2)

Anchor Block

B7 Threaded Rod, @1 1/4" x 18"
10-1/2"

(x4)
l— 3" Typ

C 39

1
k_32_3/ "

T
17-3/4"

Elevation Views

!

B1/2" — ] —

23

|

N

i T "
lﬂ— 20-1/2" —PI o3

U-bar, bottom
Grade 60 rebar

\/7— 3-3/4"
0"

3" cover Abl‘ L_ -

B12" —wj— B 1/2" —t—
2E | 21
) I ) I N
: A N N + . "
|le— 27174 —» @3 le— 2434 —»] @3
U-bar, middle U-bar, top

Grade 60 rebar

Grade 60 rebar
/‘-‘ Texas A&M Roadside Safety and
Transportation Physical Security Division -
A lnstitl.’r’ga Proving Ground
Project #620061 with rub rail Merritt Parkway 2025-02-13
Drawn by GES | Scale 1:20 Sheet 7 of 14 Anchor Block
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Nut, 5/8 hex (x 2)

—
Washer, 5/8 flat (x 2)

Post and Rail Assemblies

t—— 2-3/4" Typ

fTraffic Rail [Slandard Backup Plate [Lag Screw, 5/8 x 4" (x 4)

y /
| N o - > ¥ o e |
T T [ o - ) - ) B e o |
Post Assembly
Plan View Rail Assembly
Scale 1:10 Typical from Anchor Block to Post 16

Splice Plate
— /7

(center holes not used from Anchor Block to Post 1)

Field side shown

5 o o /oo o Rub Rail
o o [ o] o o ‘ ] [
[ ] I ‘
x Timber BIockoutJ l = = = = ‘
Timber Blockout Rub Rail Assemb|y
v Same Backup Plate and hardware as Traffic Rail
Post/
k
™ —Post —T F’ 2-3/4" [Transition Terminal Rail Terminal Backup Plate 3-3/4" T e
I .4
o o ] @ L] @ a
| o 3 B @ B T e B @ - 4|77
Rail Assembly
@ Posts 16 - 20
Field side shown
Post Assembly Post Assembly
Typical at Posts 1, 14, and 16 Typical at Posts 2-13, Roadside Safety and
15, and 17-20 Physical Security Division -

/‘-‘ ,'l_'exas A&M
ransportation
| lnstitl.’r’ga Proving Ground

Project #620061 with rub rail Merritt Parkway 2025-02-13
Drawn by GES = Scale 1:20 Sheet 8 of 14 Post and Rail Assemblies

S \Accereditation-17025-2017\EIR-000 Project Files\620061-01 - Menit Parkway Guide Rail - Schulz\Drafting, with rub raifh2025-02-104620061 with rub rail Drawing



9:1-10-1900¢9 'ON "L

L8l

10-01-5¢0¢

5 ;1-1/3" Rail Parts 5 &% & B = L
|eanlt- il il eanll-
: — 1" ~ K~y B P
o O c>|! o O * F O-— - - &-d %
! B" | I 1 | 3"
o o ii:) o o ¥ ®-@ =3 ®-P
] K
Bent Splice Plate Section K-K 2 x 3/4" X 2-1/4" THRU ALL
See 92 Scale 1:10

8 x 7/8" X 1-1/4" THRU ALL:

¥ \?ﬂ\ Splice Plate
oo @ 3/4" Typ I . R Steel Plate, 6" x 1"
Y : / i & o
31/4" 3—"" = = See 9e
"_/— W6x15 x 78" H @ B o 5
6-1/4" 4 ‘ o ] . CP [t M
i | N [} I
17-1/4" Y i )/See ad H 0"
2040 ¥ i
H 314" O I
I
“ Timber Blockout
;; 6-1/4" Seale 1:5 I
s H
galvanized I .
See 9b J\ S o (x 2)
L 'PT B
9b. Three posts shall be galvanized the full length (Posts 1 - 3).
Post 9c¢. Galvanize two Splice Plates (used at Post 1 and the joint
Scale 1:20 between Posts 2 and 3).
9d. These two holes only needed at Posts 4 - 13.
9e. Splice Plate used with Traffic Rails and Rub Rails.
9a. Used between Posts 3 and 4; all other details same as standard ‘-‘_,'J_'exas Aﬁ”{i o PhRsoigglsgj:cﬁréi]tfe%i\afﬂs?on )
Splice Plate {Standard Splice Plate is not bent). May be bent or cut r ,g:g?gg; atto y Proving Grgund
and welded according to standard industry practice. Project #620061 with rub rail Merritt Pariway 2025-02-13
Drawn by GES | Scale 1:10 Sheet 9 of 14 Rail Parts
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T o5 232 ¥ T ¥ T o
T AT @ T 2 .9 3
! _! _ _t <t — 0 < [w] — I =
(=] » w [se] M~ [{=Ts] < ™~ — o o
- gt - -l - - -l .
/‘ L - /‘ P 1-172
W/ €
|4 S ———— A E———— = 1 T
. - - * - . 4 oo —
/J T *Typ each end
$13/18" (x8) L e Pilot hole for lag screws 1-1/2"
et 3" B3i4" (x 2) $3/8"x 3"-Typ 4 places )
Rub Rail

8" x 8" (nominal)

@ 38"
A j

Y f
H\ [THT] 1l I o 1 1 o
mnon u v [ N v u o
o o [
Pilot Hole for

Lag Screw (x 4)
a6

Section L-L O S . - . .
= I w9 : ok : :
Scale 1:10 il G % § g % % 5
See 10a N T 4 S < 5 - @
(3] oy @ o« [ [{e] [I¢] < (3] ~— @w (=]
ft—| f -t -t |
L / 1-1/2"
g —— i —— g DT T
" R R—— [ —— B— S— Y - f
/ T Typ each end
©13/16" (x8) L - / Pilot hole for lag screws 1-1/2"
@ 314" (x 2) ®3/8" x 3" - Typ 4 places Traffic Rail

6" x 12" {(nominal)

/‘-‘ Texas A&M Roadside Safety and
Transportation Physical Security Division -
| lnstitl.’r’ga Proving Ground

Project #620061 with rub rail Merritt Parkway 2025-02-13
Drawn by GES | Scale 1:20 Sheet 10 of 14 Timber Rail Details

10a. Pilot holes for Lag Screws are centered vertically for Traffic Rail and Rub Rail.
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Transition Rail Details

10-1/2" —jtt——m]

o N =+ = =+ = + = <+ =
= - & = = = = = = s X
N SNy I . & < < 5
— il (=] [s}] [oa} [{a] [Te] o) ™~ — [ea] o
— -l IR PR - IR
1-1/2" |/
,— — _’_ _,_ - - _,_ - - _,_ ' — - - —
¢ A
1-1/2"
B1-1/8" @ 3/4" (x 8)
(x4) - . .
Transition Terminal Rail
@2-1/4"

6" x 12" (nominal)

/‘-‘ ,'l_'exas ASM
ransportation
Al I;siitute

Roadside Safety and
Physical Security Division -
Proving Ground

Project #620061 with rub rail Merritt Parkway 2025-02-13

Drawn by GES | Scale 1:20
S \Accereditation-17025-2017\EIR-000 Project Files\620061-01 - Menit Parkway Guide Rail - Schulz\Drafting, with rub raifh2025-02-104620061 with rub rail Drawing
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Backup Plates

ar

See 12a
o & o 9@ Y = Y = NN
=t 2! ! «© [=o B Y ¢ ] Al @ o o WD I~ = = =
[+>] [+> I ] @D 0 o M~ [Co I Ty} <t N - WO [l
3n Lttt |t - [ |ttt \ﬁ 1-1/2"
B M Y AN ¥
| ,4&7’ >~ | _ _ - I _ ~ —_ 1 - — & 1
e P
DA (x 4) @13/16" (x 8)
Standard Backup Plate
Slot, 3/4" x 1-1/2" (x 6) Steel Plate, 6" x 3/8"
(Not utilized when Post spacing is 10" See 12b and 12c

i 9-7-1/2"
Iy 85-1/2"

i 55-1/2"

i 25-1/2"

o
|

—
_

i 12'-2-3/4"
i 11'-8-3/4"

ﬂr 9-10-1/2"
/—“— 88-1/2"

_/—“— 58-1/2"

Py 28-1/2"

F {*1 -1/2"

0 — i 12'-8-3/4"

—T— i 13-6"
lll

0

|

T

b

.

Slot, 1-1/8" x 2-1/2" (x 4) j Terminal Backup
Slot, 3/4" x 1-1/2" (x 8)

12a. Galvanize two Standard Backup Plates (used from Anchor Block to Post 1
and Post 1 to the joint between Posts 2 and 3.

12b. Slots at 25-1/2" | 28-1/2" , 85-1/2" ,and 88-1/2" are not used in this
installation. Slots at 55-1/2" and 58-1/2" are not used at all locations.

12¢. Standard Backup Plate used with Traffic Rails and Rub Rails.

Plate

Steel Plate, 6" x 3/8”

]

D13/16" (x 4)

= Texas A&M
Transportation
Institute

=

an

g_w\ e

Roadside Safety and
Physical Security Division -
Proving Ground

Project #620061 with rub rail Merritt Parkway 2025-02-13

Drawn by GES

Scale 1:20
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Parapet

Anchor Bolt, @1" x 16" x 4" (x 4)
i A449 \
[0l . .
L64/2“ T o | ;
EIZRRIIREIIZ i 7-1/2"

[ [ | [ I [ | [ [ Detail N
Plan View Scale 1:20

V) — /\FN

Elevation Views

—

V) ! (
<1z > bt -
— - -— 1-1/2" © 88 3
Rebar, @1/2", x 4 each face @ 8-1/2" \&%7 ~ 33" §r|3 e
S-Bar @ 6" ?':‘ j
Rebar, @5/8" x 52" @ 6" ' C 200

“ " ], 18-1/2" 13a. Secure with Hilti HIT-RE 500 V3 epoxy

Rebar, @1/2" @ 9 U-bar @ Ei” . Y . . 1

Typ both mats 1-1/2" cvr acl:cordlng to manufacturer's |nst.ruct|0ns,
Ao with 6" embedment, at 18" spacing.

Rebar,}ZS/B" x 18" e F 1-1/2" I 3" 13b. Chamfer top edges of Wall, and vertical

Secton }-M . adges where shown, 3/4" each way.

Scale 1:20 LN ﬁ_j? 0 13c. Concrete strength is 3600 psi, and all
Existing Concrete 7 - 1-1/2" cvr rebar is grade 60.

an 13d. Rebar dimensions are to center unless

ovr otherwise indicated by "cvr” (cover).

LR bar, @5/8" x 52" @ 18" ﬁ v = Texas A&M Roadside Safety and
ebar, x32" @ N B A= Iansportation Physical Security Division -
cvr Al I;siitute Proving Ground
- 56"~ Project #620061 with rub rail Merritt Parkway 2025-02-13
Drawn by GES | Scale 1:50 Sheet 13 of 14 Parapet

S \Accereditation-17025-2017\EIR-000 Project Files\620061-01 - Menit Parkway Guide Rail - Schulz\Drafting, with rub raifh2025-02-104620061 with rub rail Drawing



9:1-10-1900¢9 'ON "L

[44)"

10-01-5¢0¢

- 7-1/2" ——-

/‘@x—\\
P2 Typ

to

31-

1/

1/2"—T S-Bar —>| L— @12

Rebar

©3-3/4" Typ

25"

— ‘,

T T P

U-bar
/‘-‘ Texas A&M Roadside Safety and
Transportation Physical Security Division -
A lnstitl.’r’ga Proving Ground
Project #620061 with rub rail Merritt Parkway 2025-02-13
Drawn by GES Scale 1.5 Sheet 14 of 14 Rebar
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(, 2006

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

£Me-

CERTIFIED MILL TEST REPORT
for additional copias call
200-227-648%

We haroby centify that the testresults presented here
dte accutata and sonform to the reported grade specification

,\\% S,

r <

N uh\xﬁ?ﬁ.ﬁ(.
Prreve B Flonhsr

Quality Assurance Manager

HEAT NGL-3130419 S | CMC Construction Sves College Staki S | CMC Construction $ves College Stark Delivery¥: 85799385
SECTION: REBAR 10MM (#3) 20°0” 420/60 | O H BOL2: 26860650
GRADE: ASTM AG615-22 Gr 420/80 L | 10650 Sue Hwy 30 I | 10650 Stace Hwy 30D CUST PO#: 992286
ROLL DAYE: Gar28/2024 I3 | College Siation TX P | College Station TX CUST #/N:
MELT DATE: 08/272/2024 VS 77845-7950 Us 77845-7a50 DLYAY LBS / HEAT: 48438000 LB
Cort. No.: 5799385 / 1304194353 T | 978 774 594G T 1979 774 5300 DLVRY PCS / HEAT: 6440 EA
[s] (8] i
Characteristic  Yalue Characteristic  Value Characteristic  Walue

C 0.46%
M 0.78%
F0010%
&5  0.060%
Si Q.18%
Cu  0.35%
e $.07%
Ni  Q08%
Mo 0.019%
Vo 0.000%
Ch  GD00%
Sn 0.009%
Al G.O01%
Yiald Strength test ) 58, Thei
Tensiie Strength vest 1 104 9ksi

Elorigation test 1 15%
Elorgation Gage bgth test 1 SN
Yensile 1o Yisld ratio tesy) 1.53

Betd Test 1 Pansed

Bend Test Diameter

1.313N

The Followmng rx true of the marterial represented by this MTH:
Mavediat is folty kifled amd is Ha D Roffed Sreed

1008 mehed. rolisd, 308 manclaoweed in e USA
CENGORON:2004 3.7 compliane

*Casrtains nd weld repait

*CRRi9ing 10 Mercuny cortas

ratien
“Manilaatiered i accerdance with ihe iarest version
of tha plant quality manus!
“Mepts the "Buy America * requisements of 23 CFREIS 410, 38 DF% 551
~Kamirg: This product sam expose you ra chemicgis which are
known fo e Stare of Cnmis i cause Ccancer, AiTh JefocEs

w7 OPNES reprRUHETIVE Harm. For p10se infonmatasn ga

@ ww PESWarnings.ca.gov

i

REMARKS

Paga T OF 1 OB/13/2024 23:32:15

2025-10-01
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CMO STEEL TEXAS
1 STEEL MILL DRIVE

CEATIFIED MILL TEST REPURT
Far adgitional copizs call

W hzreby certify that the test resulty nresented here
are aCCLAAN and SonTam ta e resorted grade specificalion

SEGUIN T, 72155-7510 800227 5489 &{SX ety
e it
Brows I Fchr
. . Tuslity Asnusnea Mansger
HEAT NO.-#129610 s i CHE Consruction Svss Cotlegs Stati | § | IMC Comstrustian Svos Gallzge Sl | Osfivary® S5794798 |
SECTION: RESAR 13MM (84) 20'0" 430/60 | O I [ BOLA: 75952748 :
SRADE: ASTH AB15.27 Gr 420750 L | 10BSC Siate Hwy 30 I | 10630 Siate Hwy 30 i DUST POK 351316 :
ROLL GATE: g2i2512024 D | Ep¥eye Station TX F | Callege Station TX ! CUST PIN:
MELT DATE: 03/24/2024 | lus 77ra5.75%0 US 778457950 | DLVRY LS / HEAT: 13442.000 LR
Cort No.r 88704746 / 1295104138 | 7 |s7e prasang i 7978772 5200 | oLvRY PO /si6aT. 53¢ FR
o]
- : Lo,
Charactedstic  ahie Gharasteristic Value Characteristic Vitlue
| C o 0da ! Bend Tast Diamater  1.760M
Hn GBBY% i
P a0ETR
5§ 6.088%
B 0tE%
Cu  0AZ%
<r 3.08%
o 0.26% ——
Mo 0062% T Foligwing s Bus of he maiedaf reprazanten by ths MTR:
Vo 860% “Hhatomal is fly killed nd i 15od Brolied Sieet
Ch U.071% “1G0% mehed, solied, and mnauiathured n e 24
S 0.011% TGN 200 2§ Somphint
Al 0.002% “Gonains o weis g
“CHne 13 00 Mhestury seniamisrtinns
Yield Strongth test 1 65 Bxsi P WFASHUMRG (0 SEOONIBASE el the Bk versicr
Tensils Strengthdastd  193.0ksi ot e piacd qeallly maauat
Elongation tst1 4% MERYE 2 "By A06Ted” equismines's 6f 23 CFREIR 19, 63 OFR 481
Elongation Gage Loth et 3N NHING. TS P CAn SEpILR ¥OU 13 chem CaTs which sz
Tensiie i Tiald ratio test! 1,64 oot b the Siales 0f 302 o cause casesn, Bink driecs
Bend Testt  Passed o e realodUtive aat Far mare migmmaten 30
o ! a0 wan Fesomamings.ca o ]

REMARKS

TR No. 620061-01-1:6
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CMC STEEL TEXAS
1 STEEL MILL DRIVE

-EMEC-

CERTIFIED MILL TEST REPORT

We hereby cerlify that the test resuits presented here

are accurate and conform to the reported grade specification

For additional copies call e
SEGUIN TX 78155.7510 B00-227-648% p vwwn’gﬁ\ q&\ Lg\n\cf\
Draw 8 Fechar
CQuality Assurance Manager
HEAT NG.:3128196 5 | CMC Construction Sves College Stati | S | CMC Gonstruction Sves College Stati | Deliverys: 85777389
SECTION: REBAR 16MM {R5) 20°0" 420460 o H BOLM: 76927345
GRADE: ASTM AG15-22 Gr 420/80 L 1 10650 State Hwy 30 I 110650 State Hwy 30 CUST PO#: 980316
ROLL DATE: G3/06/2024 D | Cellege Station TX P | College Station TX CUST PiN:
MELT DATE: 03/0312024 US 77845.7950 US 778457980 DLVRY LBS / HEAT: 20030.000 LB
Cert. No.: 85777888 / 129486A371 T {979 774 5300 T 978774 5800 DLVRY PCS T HEAT: 860 EA
Q Q
i Characteristic  Value Characterigtic Value Characteristic Valuz
C  B44% Bend Test Diameter  2.433IN
Mn 0.96%
P 0.008%
5 0.058%
8i  0.18%
i Cu  0.28%
m o 0A0%
Ni O 18%
Mae  0.082% Thie § g Is true of the ted ropr d hy this MTR:
W +HO00% "Matertal is fully killed and is Hat Rofled Stos)
ch D.001% *100% maltad, roted, and menwfaciured in the USH
Sn 0.008% “ENTE204:2004 3.1 compliant
Al 0.000% *Contains na weld repaic
“Coritaing ne Marcury contamination
Yigld Strength test 1 §1.8ksi “Manulactured in accordance witth the latest version
Tensile Strength test 1 99 5ksj af the pizat quality manuat
Elongation test 1 13% Meets the "Buy Americs” aquirements of 22 CFRESS.410, 48 CFR 567
Elongation Gage Loth test BIN “Warning: This procuct can expose you fa chemicals whish are
Tensile to Yield ratio testt 1.861 kit o the Stele of Calfonia to cause cancer, binh defects
Rend Test 1 Passed or other reprodutive harmm, For mere information go

1o wanai PESWAMIngs 23,90

REMARKS :

Fage 1 OF 1 04/29/2024 20:04:02

2025-10-01
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PORTLAND

W) BOLT

Certificate of Conformance

FOR | TEXAS A&M TRANSPORTATION INST
PB INVOICE | 179405
CUSTOMER PO | 620061

SHIP DATE | 12/27/2024

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

5/8" X 12" DOM. PLAIN A44%9 ROUND HEAD BOLT WITH 1-3/4" THD.

HEAT 8000015619 BASE STEEL | A449 DIAMETER | 0.625 SOURCE | Kreher
C CR cu MN MO NI P S Sl
0460 0.060 0150 0800 0010 | 0.050 0012 0030 0221
HR PROOF TN
269 HBN 19,200 31,500 LBF

TR No. 620061-01-1:6

Certification Department Quality Assurance

198

Dane McKinnon
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KREHER STEEL COMPANY, LIC,

PORTLARND BOLT & MFG. CO,
1 ROUNES 1042

PEyT

B37GE

Certificate of Mill Test Results

o B 2 BT P

Sold To:
B0 N 25T AVE

HREHER STEEL COLLG

MELROZE PARK, 1L 60168 U

9T
Lot #BOGO01581922

300 STEEL MILL RD
DARLINGTON, 8C 28640 U
043 383-3044

Fax: 843 295-8701

Mill Certification

3242022

KHEMER BTEEL
1880 N 25TH AVE
MELROGE PAR

Bhip Yo

Custamer £€7 | 1-65462 Baies Drder # | B0

Product Group | Hot Rell - Ergineerad Bar 1121287
T Grade | 1045012 ) ’ sooocinetaze
T Bize | D28 satcotERiE
: BOL# | BOL-1078111 W eveae

Dessripticn

T

7
001- 30500 e

B ARG 24 Customer Pact ¥ | 626 X 24 3" 1046

Bracducdon Date
Froduet Gountry

Q3412022

iy Gripped LGS | 7907

Unitad Giatas

OF Origin

00

CHiginad Ham
Dasctiption

} ity it 11 1 i

it 8 i

2it Country of Origdn © Urnited States

Walting

TR A2Y, ASTE
fFeats JDNV AD QL2
Conforms to BN 10304 3.3

h PR Wmbm Bl Se Ddm MR Gl Bel®)  Sule MO NRI% LW
046 0.80 [l A X e B ] .05 [eXeli} 401 E%E] 2,923 0.0 2004
Bh %)
C.067
M+ Cre Mo (B, 082
Reduction Ratic  152.61 1
ABTM B4R e A Mot )
{1 HBulhdes T2 1.0 woe Alumina T 05 W00 Sitwaies TG0 faiieRd] Clobular T: 1.0 W08
ASTM EdY Mathod .
{13 Oxides 1 B Siliegiea: &
ot {F e iioiy
Maeraatch ¥esoranish kaumoatoh
£381 Surtace E38% Wid 2381 Cenler
Radius
{1} 1 4 4
Hardnnss
Beinall {HEW}
53 215
Dt Tan {33
~ Bl 3izm 1 B 3 Yedae @ 1240
Camna, . .
G L EONFORMS TO JOM AD OL-2, ASTH ASTE
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KREHER STEEL C@Mg:)f&Nyg LLC. Certificate of Mill T‘fesf Reﬁuhg

PORTLANDG BOLT & ML OO, 70,
KOT RULLED ROTNDS 1045

Mill Certification SATRIRO70336-3

o " Lot 1800001561922

U L e U3/2172022 300 $TEEL MILL RD
DARUINGTON, §C 28540 US

B43 303-5841

Fax: 843 38568701

ferolry, radium, of alpha sourco materlals nol lntontionally acded st any noint during manuiasturlng of tasting of this materisl

Metatial s certifed o the mest renent revision of the spoasifoation(s; and grads Indloafed gt the tme of produgtion

yr
)V%’m'ﬂém ) Paga 2ol Z

Mark Schmldi, Chlef Metailurgist

Fran Bin 18304 Fodoved TTREar? he beddi
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PORTLAND Sales Order No. 179405
Salesperson Harrison Emery

Email harrisocn@portlandbolt.com

sales@portlandbolt.com Phaone 803.339.1181
www.portlandbolt.com
PB Northwest PB Southeast
800.547.6758 800.631.2076
3441 NW Guam St. 890 W Five Notch Rd.
Portland, OR 97210 North Augusta, SC 29860
Sold To Ship To
979.317.2755 Attn: Adam Mayer 512.635.3115
TEXAS A&M TRANSPORTATION INST TEXAS A&M TRANSPORTATION INST
TTI FINANCIAL SERVICES 1111 RELLIS PARKWAY
3135 TAMU BRYAN, TX 77807
COLLEGE STATION, TX 77843-3135
Attention Terms Customer PO
Adam<a-mayer@tti.tamu.edu> 30 Days 620061
Ship Date {scheduled) Delivery Certs
12/27/2024 UPS Ground (Prepaid) Emailed Mill Test Reports

No. Qty UOM  Description

1 50 EA  5/8" x 12" dem. plain A449 round head bolt with 1-3/4" thd.

HEAD STAMP MANUFACTURER'S LOGO ONLY
NO GRADE STAMP
2 0 EA  FREIGHT CHARGES

Total Weight (lbs,) 54.02

Page: 1 of 1
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: Vulean Threaded Products

- 10 Crass Creek Trail

ican o JOB MATERIAL CERTIFICATION
Tel (205) 620-5100

THREADED PRODUCTS, INC,  Fax (205) 820-515¢

Job Ne: 800018 Job Information Certified Date: 1/17/23
Containers: S20945888

13813 Buxley

Customer: American Anchor Bolt, Mfg. Ship To: Houston. TX 77045

Vulcan Part No: HRB A449 1.000x290
Customer Pari No: HRB A449 1.000x290

Customer PO No: 72423-J Shipped Qty: 4520 Ibs
Order No: 478883 Line No: 1
Note:

Applicable Specifications

Type Specification Rev Amend Option
- ASTM A448 Type 1 2014

Test Results
See following pages for tests

Certified Chemical Analysis

Heat No: 224012 Let 1.000 Origin: USA
c Mn P ] Si Cu Ni Cr Mo v
0.47 0.81 0.014 0.030 0.21 0.24 0.098 0.12 0.024 0.006
Sn Nb Al Ti N B DI R G.S.
0.c14 0.025 0.003 0.001 0.0108 0.0003 1.50 62.39:1 7
Notes

Processed material is Temperad - Stress Relieved. No welding performed on the material. No Mercury used in the production of this material. Meked and
Manufactured in the USA.

Grade - 4140/42

EAF Melted

Plex 1/17/23 2:53 PM vulc.sano Page 1 of 2
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Vulcan Threaded Products

-
o
b4 10 Cross Creck Trail
can Pelham, AL 35124
Tel (205) 620-5100

THREADED PRODUCTS, ING, ~ Fax (205) 620-5150

JOB MATERIAL CERTIFICATION

Job No: 800018

Joh Information

Certified Date: 1/17/23

Containers: S$20945989

Test Results

Part No: HRB A449 1.000x290
Test No: 76477 Test: Heat Treat Info
Description Austenitizing Temp (F) Tempering Temp ({F}
1,573 1,281
. Test No: 76478 Test: Tensile Test
Description : Tensile Strength (ksi)

131 11
133 13
135 118

Test No: 76479 Test Hardness Test

Yield Strength (0.2% Offset) {ksl)

Run $peed (ft/min) Quench Water Temp (F) Note
32 89
Elongation (4D} (%)  ROA (%) Note
20 51
18 44
18 50

Description Midradius Hardness Surface Hardness
28 30
28 30
28 30

Core Hardness Hardness Scale Note
26 HRC
27 HRC
27 HRC

The reported test results conform to the specifications listed above.

The reponted test results are the actual values measured on the samples
taken from the production lot.

Material was manufactured, tested, and inspected as required by the
preduct standard and in accordance with Vuleans 1SO 9001:2015 Quality
Management System registered June 30th, 2017.

Vulcan Steel Products lab is IS0 17025:2017 accredited for tensile, Brinell
and Rockwell hardness, Charpy impact, and carb/decarb testing.
Material was tested in accordance with the current revision of ASTM A370,
F6086, and F2328 test methods.

All Q&T material is demagnetized.

This test report shall not be reproduced or distributed, except in full, nor
shall it be modified in any way without the written permission of Vuican
Steel Products.

Document is in accordance with EN 10204 - 3.1B of 2004 (3.1).

Sam""c“\ U?Cl 117123

Nonwood, Sallie - Certification Engineer Date

TR No. 620061-01-1:6 203
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CONCRETE COMPRESSIVE STRENGTH TEST REPORT

Report Number: A1171057.0294 - I-erracon

Service Date: 06/20/24 6198 Imperial Loop
Report Date: 09/0%/24 College Station, TX 77845-5765
Task: PO# 620061 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: Sample Date: 06/20/24 Sample Time: 1007
Sampled By: Vince Thomas
Mix ID: DOTC Weather Conditions: Cloudy
Supplier: Texcrete Accumulative Yards: 5/5 Batch Size (cy): 5
Batch Time: 0931 Plant: Placement Method: Direct Discharge
Truck No.: Raymo Ticket No.: 93786 Water Added Before (gal): 0
. Water Added After (gal): 0
Field Test Data Sample Location: West side of run way, 360 ft from
Test Result Specification southwest corner of runway
Slump (in): 41/2 Not Provided Placement Location: Slab on Runway
Air Content (%): 1.6 Not Provided Sample Description: &-inch diameter cylinders
Concrete Temp. {F): 91 Not Provided
Ambient Temp. (F): 82 Not Provided
Plastic Unit Wt. {pcf): 148.4 Not Provided
Yield (Cu. Yds.):
Laboratory Test Data
Age at Max Comp
Set Spec Cyl. Avg Diam. Area Date Date Test Load Strength Frac Tested
No. ID Cond. (in) (sqin) Received Tested (days) {Ibs) {psi) Type By
1 A Irregular 6.00 28.27 08/30/24 71F 145,125 5,130 2 JLR
1 B Good 6.00 28.27 08/30/24 71F 144,619 5,110 2 JLR
1 C Irregular 6.00 28.27 08/30/24 71F 143,319 5,070 2 LR
1 D Hold
Initial Cure: Outside Plastic Lids Final Cure: Field Cured
Comments: F = Field Cured

Note: Reported air content does not include Aggregate Correction Factor (ACF).

Samples Made By: Terracon

Services! Obtain 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.: Vince Thomas Start/Stop: 0900-1200
Reported To: Bill with TTI
Contractor:

Report Distribution: Revi .
(1) Texas Transportation Institute, Bill Griffith (1) Texas Transportation Institute, Adam eviewe ¥:
Mayer Albscander Dunigan, P.E.

Project Manager

Test Methods: ASTM C 31, ASTM C143, ASTM €231, 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.

CRODOL, 3-31-22, Rev.? Page 1 of 1
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@ Test Riverside Campus Exhibit
[E1& Retested / Accepted
A L 6198 Imperial Loop College Station, TX A-1
€& Deviation 77845-5765 Concrete Compressive
979-846-3767 torracon.com Strength Test
Report Number: Service Date: Employee: Scale:
A1171057.0294 06/20/2024 Thomas, Vince Refer to Drawing
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Photo Log irerra con

Report Number: A1171057.0294
6198 Imperial Loop

Service Date: 06/20/24
Report Date: 09/09/24 College Station, TX 77845-5765
Task: PO# 620061 979-846-3767 Reg No: F-3272

(P1) Batch ticket {P3) Sample Placement Location

(P2) Cylinder Storage Location

CT0001, 10-16-13, Rev. 10 Page 1 of 1
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CONCRETE COMPRESSIVE STRENGTH TEST REPORT

Report Number: A1171057.0295 - Iérracon

Service Date: 06/25/24 6198 Imperial Loop
Report Date: 09/0%/24 College Station, TX 77845-5765
Task: PO# 620061 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: 3,000 psi @ 28 days Sample Date: (06/25/24 Sample Time: 0956
Sampled By: Vince Thomas
Mix ID: FN930200500 Weather Conditions: Partly cloudy
Supplier: Texcrete Accumulative Yards: 3/3 Batch Size (cy): 3
Batch Time: 0921 Plant: Placement Method: Direct Discharge
Truck No.: 153 Ticket No.: 94018 Water Added Before (gal): 0
. Water Added After (gal): 0
Field Test Data Sample Location: Test Panels
JEst Result Specification Placement Location: Test Panels
Slump (in): 7 Sample Description: &-inch diameter cylinders
Air Content (%): 1.4
Concrete Temp. {F): 93
Ambient Temp. (F): 86
Plastic Unit Wt. {pcf): 148.4
Yield (Cu. Yds.):
Laboratory Test Data
Age at Max Comp
Set Spec Cyl. Avg Diam. Area Date Date Test Load Strength Frac Tested
No. ID Cond. (in) (sqin) Received Tested (days) {Ibs) {psi) Type By
1 A Good 4.00 12.57 08/30/24 66F 55,035 4,380 2 JLR
1 B Good 4.00 12.57 08/30/24 66F 47,165 3,750 2 JLR
1 C Good 4.00 12.57 08/30/24 66F 49,504 3,940 2 LR
1 D Hold
Initial Cure: Outside in shade Final Cure: Field Cured
Comments: F = Field Cured

Note: Reported air content does not include Aggregate Correction Factor (ACF).

Samples Made By: Terracon

Services! Obtain 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.: Vince Thomas Start/Stop: 0900-1100
Reported To: Bill Griffith with TTI
Contractor:

Report Distribution: Revi .
(1) Texas Transportation Institute, Bill Griffith (1) Texas Transportation Institute, Adam eviewe ¥:
Mayer Albscander Dunigan, P.E.

Project Manager

Test Methods: ASTM C 31, ASTM C143, ASTM €231, 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.

CRODOL, 3-31-22, Rev.? Page 1 of 1
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®  Test
[5] % Retested / Accepted

A g Deviation

6198 Imperial Loop

Riverside Campus

Exhibit

College Station, TX
77845-5765

979-846-3767

terracon.com

Concrete Compressive
Strength Test

Report Number:

Al1171057.0295

Service Date: Employee:

06/25/2024 Thomas, Vince

Scale:

Refer to Drawing

TR No. 620061-01-1:6

211

2025-10-01




Photo Log irerra con

Report Number: A1171057.0295
06/25/24 6198 Imperial Loop

College Station, TX 77845-5765
979-846-3767 Reg No: F-3272

Service Date:
Report Date: 09/09/24
Task: PO# 620061

(P1) Batch Ticket (P3) Cylinder Storage Location

(P2) Sample Placement Location

CT0001, 10-16-13, Rev. 10 Page 1 of 1
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CONCRETE COMPRESSIVE STRENGTH TEST REPORT

Report Number:

Service Date: 07/01/24
Report Date: 09/0%/24
Task: PO# 620061
Client

Texas Transportation Institute
Attn: Bill Griffith

TTI Business Office

3135 TAMU

College Station, TX 77843-3135

Al1171057.0297

Project
Riverside Campus
Riverside Campus
Bryan, TX

liferracon

6198 Imperial Loop
College Station, TX 77845-5765
979-846-3767 Reg No: F-3272

Project Number: A1171057

Material Information

Sample Information

Specified Strength: 3,500 psi @ 28 days Sample Date: (07/01/24 sample Time: 0930
Sampled By: Vince Thomas
Mix ID: TXC3600 Weather Conditions: Partly cloudy
Supplier: Texcrete Accumulative Yards: 3/3 Batch Size (cy): 3
Batch Time: 0848 Plant: Bryan Placement Method: Direct Discharge
Truck No.: 156 Ticket No.: 94341 Water Added Before (gal): 0
. Water Added After (gal): 0
Field Test Data Sample Location: South End of Wall
Test Result Specification Placement Location: Stub Wall on SW Side of Runway
Slump (in): 3172 Not Provided Sample Description: 4-inch diameter cylinders
Air Content (%): 1.4 Not Provided
Concrete Temp. {F): 96 Not Provided
Ambient Temp. (F): 88 Not Provided
Plastic Unit Wt. {pcf): 148.4 Not Provided
Yield (Cu. Yds.):
Laboratory Test Data
Age at Max Comp
Set Spec Cyl. Avg Diam. Area Date Date Test Load Strength Frac Tested
No ID Cond. (in) (sqin) Received Tested (days) {Ibs) {psi) Type By
1 A Good 4.00 12.57 08/30/24 60F 61,119 4,860 2 JLR
1 B Good 4.00 12.57 08/30/24 60F 52,648 4,190 2 JLR
1 C Good 4.00 12.57 08/30/24 60F 58,026 4,620 2 LR
1 D Hold
Initial Cure: Outside in shade Final Cure: Field Cured

Comments: F = Field Cured

Note: Reported air content does not include Aggregate Correction Factor (ACF).

Samples Made By: Terracon
Services:

compressive strength samples (ASTM C 31, C 39, C 1231).

Terracon Rep.: Vince Thomas
Reported To: Adam Mayer w/
Contractor:

Report Distribution:

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

TTI

Mayer

Obtain samples of fresh concrete at the placement locations (ASTM C 172), perform required field tests and cast, cure, and test

Start/Stop: 0630-1000

Test Methods: ASTM C 31, ASTM C143, ASTM €231, ASTM C1064

Reviewed By:

A\E%ande?’Duy’éan, P.E.
Project Manager

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.

CROOOL, 3-31-22, Rev.7
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Photo Log

Report Number:
Service Date:
Report Date:
Task:

A1171057.0297
07/01/24
09/09/24

PO# 620061

(P1) Placement Location

(P2) Cylinder Storage Location

CT0001, 10-16-13, Rev. 10 Page 1 of 1
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CONCRETE COMPRESSIVE STRENGTH TEST REPORT

Report Number:

A1171057.0298

Service Date: 07/05/24
Report Date: 09/0%/24
Task: PO# 620061
Client

Texas Transportation Institute
Attn: Bill Griffith

TTI Business Office

3135 TAMU

College Station, TX 77843-3135

Project
Riverside Campus
Riverside Campus
Bryan, TX

Project Number: A1171057

liferracon

6198 Imperial Loop
College Station, TX 77845-5765
979-846-3767 Reg No: F-3272

Material Information

Specified Strength: 4,000
Mix ID: FN940200503
Supplier: Texcrete
Batch Time:

Truck No.: 620061

Field Test Data
Test
Slump (in):
Air Content (%):
Concrete Temp. {F):
Ambient Temp. (F):
Plastic Unit Wt. {pcf):
Yield (Cu. Yds.):

Laboratory Test Data

Set Spec Cyl.

No D Cond.
1 A Good
1 B Good
1 C Good
1 D

Initial Cure:
Comments:

Outside Plastic Lids
Not tested for plastic unit weight. F = Field Cured

Sample Information

psi @ 28 days Sample Date: (07/05/24 sample Time: 0732
Sampled By: Colby Berger
Weather Conditions: Sunny
Accumulative Yards: 10/10 Batch Size (cy): 10
Plant: Placement Method: Direct Discharge
Ticket No.: 232947 Water Added Before (gal): 0
Water Added After (gal): 0
Sample Location: Paving west side of runway 400ft from
Result Specification south end
2 Placement Location: Paving west side of runway 400ft frem
south end
g9 Sample Description: 6-inch diameter cylinders
78
Age at Max Comp
Avg Diam. Area Date Date Test Load Strength Frac Tested
(in) (sqin) Received Tested (days) {Ibs) {psi) Type By
4.00 12.57 08/30/24 56F 110,034 8,760 2 JLR
4.00 12.57 08/30/24 56 F 84,982 6,760 2 JLR
4.00 12.57 08/30/24 56 F 95,435 7,590 2 LR
Hold
Final Cure: Field Cured

Note: Reported air content does not include Aggregate Correction Factor (ACF).

Samples Made By: Terracon
Services:

compressive strength samples (ASTM C 31, C 39, C 1231).

Terracon Rep.: Colby Berger
Reported To:
Contractor:

Report Distribution:
(1) Texas Transportation Institute, Bill

Will Schroder with TTI

Griffith (1) Texas Transportation Institute, Adam
Mayer

Test Methods: ASTM C 31, ASTM C143, ASTM €231, ASTM C1064

Obtain samples of fresh concrete at the placement locations (ASTM C 172), perform required field tests and cast, cure, and test

Start/Stop: 0700-0830

Reviewed By:

A\E%ande?’Duy’éan, P.E.
Project Manager

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.

CROOOL, 3-31-22, Rev.7
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Test

[5] % Retested / Accepted

A g Deviation

ferracon.

6198 Imperial Loop

Riverside Campus

Exhibit

College Station, TX

77845-5765

979-846-3767

terracon.com

Concrete Compressive
Strength Test

Report Number:

Al1171057.0298

Service Date:

07/05/2024

Employee:

Berger, Colby

Scale:

Refer to Drawing
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TEXCRETE 139776
B TEXCRETE
REMIT PAYMENT TO: BCS DISPATCH - 979-316-2906
P.O. BOX138 PINEHURST DISPATCH - 936-232-5815
KURTENRDE 802 5222 Sandy Point RD. 17534 SH 6 South 18985 Circle Lake Dr. AR S
Bryan, Tx 77807 College Station, TX 77845 Pinehurst, TX 77362
ATIO R A RTHW YRR ) UL ’ii'[lA‘-J‘F}P L R AT
A4 THE "T", RT HWY 47,LT INTORELILTS ENTRANC
TAY STRAIGBHTALL. THE WAY DOWM TO THE GATE
TIME FORMULA LOAD SIZE YARD ORDERED DRIVER/TRUCK PLANT TRANSACTION#
Qa s KO 3610Y Zra QA S @A [ (W GG [ HO0BRY RAYMO 3
DATE PROJEL | LOAD# YARDS DEL. BATCH# WATER TRIM SLUMP
/8 q | TTIRELL S D S A S, Q8 in
QUANTITY CODE DESCRIPTION UNIT PRICE EXTENDED PRICE
2wl TXCEER DOTE, SEA, RE,
1. 0 ea RIE: Fuel Charnpe
Thanlk youw for vour busine
_ LEFT PLANT ARRIVED JOB START UNLOADING SLUMP CONCRETE TEMP. AR TEMP Preyv 1 a’ MT
qo f‘ ] OQO Ticket 1 stal
FINISH UNLOADING LEFT JOB ARRIVED AT PLANT ON SITE TESTING
p TERRACON
TESTING LAB:  GESSNER ADDITIONAL CHARGE 1
CME OTHER
TESTED AIR CYLINDERS ADDITIONAL CHARGE 2
Oves [Cwo GRA
WARNING oee m&"sﬂﬁﬁﬁ.‘lsﬁvﬁ!‘éﬁfﬁhﬁﬁmm Htorss o
IRRITATING TO THE SKIN AND EYES BEREGyE, o o bt i s R R e 2B
Contains Porlland Cement, Wear Rubbar Boots and Gloves. FROLONGED  Siza and weghy st s vie ey pos w’ o damag GAL X
CONTACT MAY CAUSE BURNS. Avoid Contact With Eyes and Prolonged e, rémises andior adjacont m L ,gm.,,"g
Contact with Skin. In Case of Contact with Skin or Eyes, Rinse Thoroughly With m ‘you In aver that we clnﬁ'bul In ouder 1o do this the WEIGHMASTER
Water. If Intation Persists. Get Medical Attention. KEEP CHILDREN AWAY.  nielia reavestiop iha ,V,f,",;‘,""m‘,’h,.,mmgm
SOUCITE SRS COMORT ud secones T oy e i SR 2, G e ;
GRIGINAL INSTRUCTIONS MUST e TELEFHONED 1 the OFFIGE BEFORE Lomme s hogeriel e Iy sou v,,“?dgmm e ﬁ“"n',',’lm: Surcharge for credit cards
slarts, Tho undersigned promises (0 pay all coi, Incucing easanatio atomay's foes e Shests: Furier o e
incured in coilecting any sums owed, ; 10 Indemnity and hold harmiass the THE HEALTH
diiver Nsnnck-nd nis suppliar for any and all damage 1o Y DAMAGE
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Table B.1. Soil Strength Analysis.

Dynamic Test Setup

l Post)-Te st
Photo of post

~

.:- I
= Texas A
m \'r.' tatio

Static
Load Test

W6X16 STTEL POST
327 25—INCH HEIGH ‘ =
4 OF IMPACT =

I

227 OF IMPACT

Installation Details

Comparison of Load vs. Displacement

W6X16
/STEEL
WINCH OR: ) POST 397
HYDRAULIC 25
CYLINDER e
=4
24 INCH [ =7 | 72"
DIAMETER PR :
GRANULAR\SA S N P ) §
FILL 40 45

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 1 Grade D Crushed
Concrete Road Base

Description of Fill Placement Procedure

12-inch lifts tamped with
a pneumatic compactor

for 20 sec
Bogie Mass 2020 1b
Impact Velocity 19.2 mph
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APPENDIX C.

MASH TEST 3-11 (CRASH TEST 620067-01-2)

C.1.VEHICLE PROPERTIES AND INFORMATION

Date:  2024-09-10 TestNo.  620081-01-2 VINNo:  1CBRREFTSJS131854
Year: 2018 Make: RAM Model: 1500

Tire Size: 265/70 R 17 Tire Inflation Pressure: 35 psi
Tread Type: Highway Odometer: 154460

Note any damage to the vehicle prior to test: ~ None

® Denotes accelerometer location.

NOTES: None

Engine Type: V-8
Engine CID: 5.7 liter

WWHEEL
TRACK

Transmission Type:

W Auwte  or [ Manual
1l FWD [7] RWD [ 4wD

Optional Equipment:

None
L
Dummy Data: _%f‘ ¥
Type:
Mass:
Seat Position:
M ¥ M
FRONT REAR
Geometry: inches L & &
A 78.50 F 40.25 K 20.00 P 3.00 u 26.75
B 74.00 G 28.50 L 30.00 Q 30.50 v 30.25
C 229.00 H 61.50 M 68.50 R 18.00 W 61.50
D 48.25 | 11.75 N 68.00 S 13.00 X 79.00
E 140.50 J 27.00 (0] 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=39 £3 inches: Gi=> 28 Inches: H = 63 34 inches: O=43 £4 inches! (MHN}/2=67 £1.5 inches
GVWR Ratings: Mass: b Curb Test Inertial Gross Static
Front 3700 Meront 2910 28338 2838
Back 3900 Mrear 2044 2210 2210
Total 6700 Mrota 4954 5048 5048

{Allowable Range for TIM and GSM = 5000 |b +110 Ib)
Mass Distribution:
Ib LF: 1450 RF: 1388 LR: 1115 RR: 1095

Figure C.1. Vehicle Properties for Test 620061-01-2.
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Date: 2024-09-10  Test No.- 620061012  VINNo.: 1C6RRBFTSJS131854

Year: 2018 Make: RAM Model: 1500

VEHICLE CRUSH MEASUREMENT SHEET!
Complete When Applicable

End Damage Side Damage

Undeformed end width Bowing:B1 X1

Commner shift: Al B2 = X2
A2

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

>4 inches

Note: Measure C, to Cs from Driver to Passenger Side in Front or Rear Impacts — Rear to Front in Side Impacts.
Dircet Damage

Specific . \ \ - ¥ §
Impact Plane* of Width** | Maxx** Field G ¢ & G s Cs =D
Number C-Measurements (CDC) Crush 1.#%
1 AT FRONT BUMPER 20 19 52 - - - - - - +9
2 SAME 20 20 62 | - | - -] -]-17-1r

Measurements recorded

inches or Dmm

'Table 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 o undamaged axle).

**¥Measure and document on the vehicle diagram the location of the maximum crush.

Note: Use as many lines/columns as necessary 1o describe each damage profile.

Figure C.2. Exterior Crush Measurements for Test 620061-01-2.
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Date: 2024-09-10

Year: 2018

*Lateral area across the cab from driver’s side
kickpanel to passenger’s side kickpanel.

620061-01-2 VIN No.: 1C6RRE6FTSJS131854
RAM Model: 1500
OCCUPANT COMPARTMENT
DEFORMATION MEASUREMENT
Before After Differ.
(inches)

A1 65.00 65.00 0.00
A2 63.00 63.00 0.00
A3 65.50 65.50 0.00
B1 45.00 45.00 0.00
B2 38.00 38.00 0.00
B3 45.00 45.00 0.00
B4 39.50 39.50 0.00
B5 43.00 43.00 0.00
B6 39.50 39.50 0.00
C1 26.00 26.00 0.00
c2 0.00 0.00 0.00
C3 26.00 2425 -1.75
D1 11.00 11.00 0.00
D2 0.00 0.00 0.00
D3 11.50 11.50 0.00
E1 58.50 59.50 1.00
E2 63.50 63.75 0.25
E3 63.50 63.50 0.00
E4 63.50 63.50 0.00
F 59.00 59.00 0.00
G 59.00 59.00 0.00
H 37.50 37.50 0.00
| 37.50 37.50 0.00
J* 25.00 22,75 -2.25

Figure C.3. Occupant Compartment Measurements for Test 620061-01-2.
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C.2. SEQUENTIAL PHOTOGRAPHS

(e) 0.4000 s (f) 0.5000 s

(g) 0.6000 s (h) 0.7000 s
Figure C.4. Sequential Photographs for Test 620061-01-2 (Overhead Views).

TR No. 620061-01-1:6 222 2025-10-01



(g) 0.6000 s (h) 0.7000 s

Figure C.5. Sequential Photographs for Test 620061-01-2 (Downstream In-Line
Views).
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C.3. VEHICLE ANGULAR DISPLACEMENTS
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Roll, Pitch and Yaw Angles
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<
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-50
0 0.5 1.0 1.5
Time (s)
— Raoall — Pitch — Yaw

Axes are vehicle-fixed.
Sequence for determining
orientation:

1. Yaw.

2. Pitch.

3. Roll

Test Number: 620061-01-2

Test Standard Test Number: MASH Test 3-11
Test Article: Merritt Parkway Guiderail

Test Vehicle: 2018 RAM 1500

Inertial Mass: 5048 Ibs

Gross Mass: 5048 lbs

Impact Speed: 63.6 mi/h

Impact Angle: 24.17°

Figure C.6. Vehicle Angular Displacements for Test 620061-01-2.
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C.4. VEHICLE ACCELERATIONS
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Longitudinal Acceleration (g)
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X Acceleration at CG
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Time (s)

— Time of OIV (0.1539 s) —— SAE Class 60 Filter — 50-msec average

Figure C.7. Vehicle Longitudinal Accelerometer Trace for Test 620061-01-2
(Accelerometer Located at Center of Gravity).
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Figure C.8. Vehicle Lateral Accelerometer Trace for Test 620061-01-2
(Accelerometer Located at Center of Gravity).
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Figure C.9. Vehicle Vertical Accelerometer Trace for Test 620061-01-2
(Accelerometer Located at Center of Gravity).
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APPENDIX D.

MASH TEST 3-11 (CRASH TEST 620061-01-1)

D.1.VEHICLE PROPERTIES AND INFORMATION

Date: 2025-01-13 TestNo.  620061-01-1 VINNo:  1CBRREFT2KS744182
Year: 2019 Make: RAM Model: 1500

Tire Size: 2B5/70R 17 Tire Inflation Pressure: 35 psi
Tread Type: Highway Odometer; 120254

Note any damage to the vehicle prior to test:  None

j E—
® Denotes accelerometer location. '::w_.-

NOTES: None

|
M = =
WHEEL
Track \
]

A — S e 1 Al
Engine Type: V-8
Engine CID; 5.7 liter Y hal— TRACK
Transmission Type: k
i Auto  or O M™anual <
O FWD 7] RWD [ 4wWD R—
F—m -
Optional Equipment:
None T & B
o f =
Dummy Data: ¢ ) i 14 AL[\
Type:
Mass: —F—>
Seat Position:
Geometry: inches
A 78.50 F 40.25 K 20.00 P 3.00 U 26.75
B 74.00 G 28.50 L 30.00 Q 30.50 v 30.25
[o] 229.00 H 60.80 M 68.50 R 18.00 w 61.00
D 48.25 | 11.75 N 68.00 S 13.00 X 79.00
E 140.50 J 27.00 6] 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 tZinches: C=237 £13inches; E=148 12 inches: F=3913 inches: G == 28 inches; H =63 4 inches: 0=43 +4 inches; (M+N)/2=67 £1.5 inches
GVWR Ratings: Mass: |b Curb Test Inertial Gross Static
Front 3700 Miront 2922 2850 2850
Back 3900 Mrear 2023 2176 2176
Total 6700 Mrotal 4945 5026 5026
- (Allowabls Range for TIW and GSM = 5000 Ib +110 06y
Mass Distribution:
b LF: 1452 RF: 1388 LR: 1089 RR: 1087

Figure D.1. Vehicle Properties for Test 620061-01-1.
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Date: 2025-01-13  Test No.- 620061-01-1 VIN No - 1C6RREFT2KS744182

Year: 2019 Make: RAM Model: 1500

VEHICLE CRUSH MEASUREMENT SHEET!
Complete When Applicable

End Damage Side Damage

Undeformed end width Bowing:B1 X1

Corner shift: Al B2 _ = x2_
A2

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

> 4 inches

Note: Measure C; to Ce from Driver to Passenger Side in Front or Rear Impacts — Rear to Front in Side Impagts.

Direct Damage

Specific ] ] + ] ]
Impact Plane* of Width** Max®ex Field C] € G = Cs Cs i
Number C-Measurements (CDC} Crush L**
1 AT FRONT BUMPER 18 22 44 - - - - - - +14
2 AT FRONT BUMPER 18 20 62 - - - - - - 75

Measurements recorded

inches or [Jmm

ITable taken from National Accident Sampling System (NASS).

*Identify the plane at which the C-measurements are taken (e.g., at bumper, above bumper, at sill, above sill, at
beltline, etc.) or label adjustments (e.g., {ree 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 cach 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 D.2. Exterior Crush Measurements for Test 620061-01-1.
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Date: 20250113 Test No.: 620061-01-1 v No.- 1C6RREFT2KS744182

Year: 2019 Make: RAM Model: 1500
OCCUPANT COMPARTMENT
" ; — DEFORMATION MEASUREMENT
‘ } Before After Differ.
(inches)
A1 65.00 65.00 0.00
\ A2 63.00 63.00 0.00
R C A3 65.50 65.50 0.00
B1 45.00 45.00 0.00
B2 38.00 38.00 0.00
) B3 45.00 45.00 0.00
l B4 39.50 39.50 0.00
- J B5 43.00 43.00 0.00
i B6 39.50 39.50 0.00
— ] | C1 26.00 26.00 0.00
Cc2 0.00 0.00 0.00
C3 26.00 25.00 -1.00
D1 11.00 11.00 0.00
D2 0.00 0.00 0.00
! ! ' D3 11.50 11.50 0.00
E1 58.50 58.75 0.25
E2 63.50 63.50 0.00
B 7 E3 63.50 63.50 0.00
' E4 63.50 63.50 0.00
T = F 59.00 59.00 0.00
G 59.00 59.00 0.00
H 37.50 37.50 0.00
*Lateral area across the cab from driver's side [ 37.50 37.50 0.00

kickpanel to passenger’s side kickpanel. g 25.00 24.50 0.50

Figure D.3. Occupant Compartment Measurements for Test 620061-01-1.
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D.2. SEQUENTIAL PHOTOGRAPHS

(a) 0.000 s (b) 0.1000 s

(g) 0.6000 s (h) 0.7000 s
Figure D.4. Sequential Photographs for Test 620061-01-1 (Overhead Views).
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(a) 0.000 s b) 0.1000 s

() 0.2000 s d) 0.3000 s

(e) 0.4000s (f) 0.5000 s

(g) 0.6000 s h) 0.7000 s

Figure D.5. Sequential Photographs for Test 620061-01-1 (Downstream In-Line

Views).

TR No. 620061-01-1:6 234 2025-10-01



iy

(g) 0.6000 s (h) 0.7000 s

Figure D.6. Sequential Photographs for Test 620061-01-1 (Upstream Field Side
Oblique Views).
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D.3. VEHICLE ANGULAR DISPLACEMENTS
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Axes are vehicle-fixed.

Sequence for determining

orientation:

4. Yaw.
5. Pitch.
A Rl

Test Number: 620061-01-1

Test Standard Test Number: MASH Test 3-11
Test Article: Merritt Parkway Guiderail

Test Vehicle: 2019 RAM 1500

Inertial Mass: 5026 Ibs

Gross Mass: 5191 lbs

Impact Speed: 64.2 mi/h

Impact Angle: 25.10°

Figure D.7. Vehicle Angular Displacements for Test 620061-01-1.




D.4. VEHICLE ACCELERATIONS
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Figure D.8. Vehicle Longitudinal Accelerometer Trace for Test 620061-01-1
(Accelerometer Located at Center of Gravity).
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Figure D.9. Vehicle Lateral Accelerometer Trace for Test 620061-01-1

(Accelerometer Located at Center of Gravity).
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APPENDIX E.

MASH TEST 3-10 (CRASH TEST 620067-01-3)

E.1. VEHICLE PROPERTIES AND INFORMATION

Date:  2025-01-17 Test No.. 820061-01-3 VIN No.: 3N1CN7APOKL871881
Year: 2019 Make: Nissan Model:  Versa
Tire Inflation Pressure: 36 PSI Odometer: 145218 Tire Size: P185/65R15

Describe any damage to the vehicle prior to test:  None

i
® Denotes accelerometer location. ‘ /V ]

NOTES. None

Engine Type: 4 CYL
Engine CID: 16L
Transmission Type:
Auto or g Manual
T rvp O rRwo [ awD
Optional Equipment:
None

Dummy Data:

Type: 50th Percentile Male
Mass: 165 Ib . 5
Seat Position: IMPACT SIDE X |
Geometry: inches - ’
A 66.70 F 32.50 K 12.50 P 4.50 U 15850
B 59.60 G 0.00 L 26.00 Q 24.00 V 21.25
C 17540 H 41.60 M 58.30 R 16.25 W 41.50
D 40.50 1 7.00 N 58.50 S 7.50 X 78.75
E 102.40 J 22.50 O 3050 T 64.50

Wheel Center Ht Front 11.50 Wheel Center Ht Rear 11.50 W-H -0.10

RANGE LIMIT: A =66 #3 inches; C =169 +8 inches; E = 98 +binches; F =35 #4 inchas; H =38 +4 inches; O (Top of Radiator Support) = 28 +4 inches
{M+N}/2 = 58 +2 inches; W-H < 2 inches or use MASH Faragraph A4.3.2

GVWR Ratings: Mass: |b Curb Test Inertial Gross Static
Front 1750 Mront 1415 1442 1527
Back 1687 Mrear 1002 989 1069
Total 338¢ Mrotal 2417 2431 2596

Allowable TIM = 2420 lb 55 |b | Allowable GSM = 2585 1b £ 55 |b

Mass Distribution:
Ib LF: 743 RF: 629 LR: 516 RR: 473

Figure E.1. Vehicle Properties for Test 620061-01-3.
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Date: 2025-01-17  Test No.: 620061-01-3 N No.- 3N1CN7APOKL871881

Year: 2019 Make: Nissan Model: Versa

VEHICLE CRUSH MEASUREMENT SHEET!
Complete When Applicable

End Damage Side Damage

Undeformed end width Bowing:B1 X1

Corner shift: Al B2 X2
A2

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

> 4 inches

Note: Measure C; to Cs from Driver to Passenger Side in Front or Rear Impacts — Rear to Front in Side Tmpacts.

Dircet Damage

Specific

. . . . y . +
Impact Plane* of Width** Max*#* Field & t2 G G Cs Ce D
Number C-Measurements (CDCY Crush 1.4%*

1 AT FRONT BUMPER 14 7 20 - - - - - - +13
2 AT FRONT BUMPER 15 12 45 - - - - - - 59

Measurements recorded

inches or Dmm

'Table taken from Naticnal Accident Sampling System (NASS).

*Identify the plane at which the C-measurements are taken (e.g., at bumper, above bumper, at sill, above sill, at
beltline, elc.) or label adjustments (e.g., [ree 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).

¥t Measure and document on the vehicle diagram the location of the maximum crush.

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

Figure E.2. Exterior Crush Measurements for Test 620061-01-3.

TR No. 620061-01-1:6 243 2025-10-01



Date: 2025-01-17  Test No.: 620061-01-3 N No.- 3N1CN7APOKLS71881
Year: 2019 Make: Nissan Model: Versa
OCCUPANT COMPARTMENT
v H \ DEFORMATION MEASUREMENT
F ) Before After Differ.
v (inches)
G A1 67.50 67.50 0.00
T 1 A2 67.25 67.25 0.00
A3 67.75 67.75 0.00
B1 40.50 40.50 0.00
B2 39.00 39.00 0.00
BY, B2, B3, B4, BS, B6 B3 40.50 39.75 -0.75
1 I B4 36.25 36.25 0.00
—himwmn o B5 36.00 36.00 0.00
) ‘D“D%ﬁgg& G B6 36.25 36.25 0.00
S o C1 26.00 26.00 0.00
c2 0.00 0.00 0.00
C3 26.00 24.75 125
D1 9.50 9.50 0.00
D2 0.00 0.00 0.00
Lo D3 9.50 7.25 2.25
o B2 g3 E1 51.50 52.25 0.75
- = 51.00 51.00 0.00
o F 51.00 51.00 0.00
G 51.00 51.00 0.00
H 37.50 37.50 0.00
| 37 50 37.50 0.00
*Lateral area across the cab from J* 51.00 47.25 -3.75

driver’s side kick panel to passenger’s side kick panel.

Figure E.3. Occupant Compartment Measurements for Test 620061-01-3.
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E.2.SEQUENTIAL PHOTOGRAPHS

(a) 0.000 s (b) 0.1000 s

(c) 0.2000s (d) 0.3000 s

(e) 0.4000 s (f) 0.5000 s

(g) 0.6000 s (h) 0.7000 s
Figure E.4. Sequential Photographs for Test 620061-01-3 (Overhead Views).
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(a) 0.000 s (b) 0.1000 s

() 0.2000 s (d) 0.3000 s

(e) 0.4000s (f) 0.5000 s

(g) 0.6000 s (h) 0.7000 s

Figure E.5. Sequential Photographs for Test 620061-01-3 (Downstream In-Line
Views).
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(a) 0.000 s (b) 0.1000 s

(c) 0.2000 s (d) 0.3000 s

(e) 0.4000 s (f) 0.5000 s

(g) 0.6000 s (h) 0.7000 s

Figure E.6. Sequential Photographs for Test 620061-01-3 (Upstream Field Side
Oblique Views).
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E.3.VEHICLE ANGULAR DISPLACEMENTS
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8.  Pitch.

9. Roll

Test Number: 620061-01-3

Test Standard Test Number: MASH Test 3-10
Test Article: Merritt Parkway Guiderail

Test Vehicle: 2019 Nissan Versa

Inertial Mass: 2431 lbs

Gross Mass: 2596 lbs

Impact Speed: 61.7 mi/h

Impact Angle: 24.17°

Figure E.7. Vehicle Angular Displacements for Test 620061-01-3.
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E.4.VEHICLE ACCELERATIONS
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Figure E.8. Vehicle Longitudinal Accelerometer Trace for Test 620061-01-3

(Accelerometer Located at Center of Gravity).
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Figure E.9. Vehicle Lateral Accelerometer Trace for Test 620061-01-3
(Accelerometer Located at Center of Gravity).
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Figure E.10. Vehicle Vertical Accelerometer Trace for Test 620061-01-3

(Accelerometer Located at Center of Gravity).



APPENDIX F.

MASH TEST 3-11 (CRASH TEST 620067-07-4)

F.1. VEHICLE PROPERTIES AND INFORMATION

Date: 2025-01-24 Test No.: 620061-01-4 VIN No.: 1C6RREFTEKS515164
Year: 2019 Make: RAM Model: 1500

Tire Size: 265/70 R 17 Tire Inflation Pressure: 33 psi
Tread Type: Highway Odometer: 161,884

Note any damage to the vehicle prior to test:  None

® Denotes accelerometer location.

NOTES: None W I

A
Engine Type: V-8 l ThAH

WHEFL
TRACK

Engine CID: 5.7 liter

bot———— ————»]

Transmission Type:
Auto or | Manual

FWD [/] RwWD 4WD R
P
Optional Equipment: j
None .
(=] ej
Dummy Data: ¢ J { ER RN

Type:
Mass:
Seat Position:
VM M
Geometry: inches s - c = -
A 78.50 F 40.25 K 20.00 P 3.00 U 26.75
B 74.00 G 28.50 L 30.00 Q 30.50 v 30.25
C 229.00 H 62.15 M 68.50 R 18.00 W 62.00
D 48.25 | 11.75 N 68.00 S 13.00 X 79.00
E 140.50 J 27.00 o) 46.00 T 77.00
eiaht Front 1475 Clearance (From) 6.00 gt - From 1250
jrheavedid 1475 Clearance (Rean 9.25 hgnt - Roar 22.50
RANGE LIMIT: A=78 +2 inches; C=237 +13 inches; E=148 #12 inches; F=38 +3 inches; G = =28 inches: H =63 +4 inches; O=43 +4 inches; (M+N)/2=67 +1.5 inches
GVWR Ratings: Mass: Ib Curb Test Inertial Gross Static
Front 3700 Miront 2903 2806 2806
Back 3900 Mrear 2052 2226 2226
Total 6700 Mrota 4955 5032 5032

{Allcwable Range for TIM and GSM = 5000 Ib 110 Ib}
Mass Distribution:
Ib LF: 1409 RF: 1397 LR: 1130 RR: 1096

Figure F.1. Vehicle Properties for Test 620061-01-4.
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Date: 2025-01-24  Test No.- 620061-01-4 N No.- 1C6RREFTEKS515164

Year: 2019 Make: RAM Model: 1500

VEHICLE CRUSH MEASUREMENT SHEET!
Complete When Applicable

End Damage Side Damage

Undeformed end width Bowing: B1 _ X1 _

Corner shift: Al B2 X2
A2

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

>4 inches

Note: Measure C; 1o Cs [rom Driver Lo Passenger Side in Front or Rear Impacts — Rear (o Front in Side Impacls.

Dircel Damage

Specific . . i
Impact Planc* of Width** Max*** Ficld C‘ C: G G Cs s b
Number C-Mcasurcments (CDCY Crush |
1 AT FRONT BUMPER 18 25 44 - - - - - - +14
2 AT FRONT BUMPER 18 18 58 - - - - - - 72

Measurements recorded

inches or Dmm

ITable taken from National Accident Sampling System (NASS).

*Identify the plane at which the C-measurements are taken (e.g., at bumper, above bumper, at sill, above sill, at
beltline, etc.) or label adjustments (e.g., free space).

Free space value is defined as the distance between the bascline and the original body contour taken at the individual
C locations. This may include the following: bumper lead, bumper taper, side protrusion, side taper, cte.
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).

***#Mecasure 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 F.2. Exterior Crush Measurements for Test 620061-01-4.
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Date: 2025-01-24  Tast No.: 620061-01-4 VIN No.: 1C6RREFTBKS515164
Year: 2019 Make: RAM Model: 1500
OCCUPANT COMPARTMENT
- . ‘,, DEFORMATION MEASUREMENT
ey e Before After Differ.
' (inches)

L - - - Al 65.00 65.00 0.00
I A2 63.00 63.00 0.00
2 A A3 65.50 65.50 0.00
B1 45.00 45.00 0.00
B2 38.00 38.00 0.00
. B3 45.00 45.00 0.00
L ; B4 39.50 39.50 0.00
7 ; W B5 43.00 43.00 0.00
; - | B6 39.50 39.50 0.00
Pl 7 — C1 26.00 26.00 0.00
loy 0.00 0.00 0.00
c3 26.00 26.75 0.75
D1 11.00 11.00 0.00
D2 0.00 0.00 0.00
f ! ! D3 11.50 11.50 0.00
- o E1 58.50 59.50 1.00
' E2 63.50 63.75 0.25
- - E3 63.50 63.50 0.00
_ - ' E4 63.50 63.50 0.00
= ] = 59.00 59.00 0.00
G 59.00 59.00 0.00
H 37.50 37 50 0.00
*Lateral area across the cab from driver’s side [ 37.50 37.50 0.00
kickpanel to passenger’s side kickpanel. o 25.00 23.25 175

Figure F.3. Occupant Compartment Measurements for Test 620061-01-4.
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F.2.SEQUENTIAL PHOTOGRAPHS

(a) 0.000 s (b) 0.1000 s

(c) 0.2000 s (d) 0.3000 s

(e) 0.4000 s (f) 0.5000 s

(g) 0.6000 s (h) 0.7000 s
Figure F.4. Sequential Photographs for Test 620061-01-4 (Overhead Views).
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() 0.2000 s (d) 0.3000 s

(g) 0.6000 s (h) 0.7000 s

Figure F.5. Sequential Photographs for Test 620061-01-4 (Downstream In-Line
Views).
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F.3.VEHICLE ANGULAR DISPLACEMENTS
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Test Number: 620061-01-4

Axes are vehicle-fixed.
Sequence for determining
orientation:

10. Yaw.

11. Pitch.

12. Roll.

Test Standard Test Number: MASH Test 3-11
Test Article: Merritt Parkway Guiderail

Test Vehicle: 2019 RAM 1500
Inertial Mass: 5032 Ibs
Gross Mass: 5032 lbs
Impact Speed: 62.6 mi/h
Impact Angle: 25.29°

Figure F.6. Vehicle Angular Displacements for Test 620061-01-4.
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F.4.VEHICLE ACCELERATIONS
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Figure F.7. Vehicle Longitudinal Accelerometer Trace for Test 620061-01-4
(Accelerometer Located at Center of Gravity).
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Figure F.8. Vehicle Lateral Accelerometer Trace for Test 620061-01-4
(Accelerometer Located at Center of Gravity).
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Figure F.9. Vehicle Vertical Accelerometer Trace for Test 620061-01-4
(Accelerometer Located at Center of Gravity).
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APPENDIX G.

MASH TEST 3-11 (CRASH TEST 620067-01-5)

G.1.VEHICLE PROPERTIES AND INFORMATION

Date:  2025-04-16 TestNo:  620061-01-5 VINNo:  1C6RREFTEKS585571
Year: 2018 Make: RAM Model: 1500

Tire Size: 265/70 R 17 Tire Inflation Pressure: 35 psi
Tread Type: Highway Odometer: 182878

Note any damage to the vehicle prior to test:  None

# Denotes accelerometer location.

NOTES: None I T—L—H/ i f ) I
A = o

Engine Type: V-8 l lﬁ%

Engine CID: 5.7 liter

\\ WH]
=
g

S —TEST INZRTIALC. IL.
/

Transmission Type:
/] Auto or [1 ™anual

[1 FwD |71 RWD [ 4wWD
Optional Equipment;
None

Dummy Data: l J‘I I—f 4 NS i—K
Type: Lz Aes
Mass: -« D
Seat Position: - E >
ke T M
Geometry: inches - " o -
A 78.50 F 40.25 K 20.00 P 3.00 U 26.75
B 74.00 G 28.50 L 30.00 Q 30.50 \% 30.25
C 229.00 H 61.04 M 68.50 R 18.00 W 61.00
D 48.25 | 11.75 N 68.00 S 13.00 X 79.00
E 140.50 J 27.00 o) 46.00 T 77.00
et Front 1475 Cloarance (From) 6.00 gt - Fron 12.50
" erahi Rear 1475 Cisarance (Rean 925 et nes 2250
RANGE LIMIT: A=78 42 inches; G=237 +13 inches; E=148 +12 inches; F=39 +3 inches, G == 28 inches; H =63 +4 inches; O=43 +4 inches: (M+N}2=67 +1.5 inches
GVWR Ratings: Mass: |b Curb Test Inertial Gross Static
Front 3700 Miront 2924 2841 2841
Back 3500 Mrear 2071 2183 2183
Total 6700 Mretal 4995 5024 5024

{Allowable Range for TIM and GSM = 5000 |b +110 |b}
Mass Distribution:
b LF: 1407 RF: 1434 LR: 1100 RR: 1083

Figure G.1. Vehicle Properties for Test 620061-01-5.
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Date: 2025-04-16  Test No.- 620061-01-5 VN No.- 1C6RREFTEKS585571

Year: 2019 Make: RAM Model:

1500

VEHICLE CRUSH MEASUREMENT SHEET!

Complete When Applicable

End Damage Side Damage

Undeformed end width Bowing: Bl X1

Corner shift: Al B2 X2
A2

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

> 4 inches

Note: Measure C; to Ce from Driver to Passenger Side in Front or Rear Impacts — Rear to Front in Side Tmpacts.

Direct Damage

Specific - X 3 . -
Impact Planc® of Width®* Max*** Ticld C G Cs G Cs G D
Number C-Measurements (CDC) Crush L**
1 AT FRONT BUMPER 18 16 42 - - - - - - +13
2 SAME 18 15 60 | - | - | - | - | -] -1mn

Measurements recorded

i.nches or I:lmm

'Table taken from National Accident Sampling System {(NASS).

*I1dentity the plane at which the C-measurements are taken (e.g., at bumper, above bumper, at sill, above sill, at

beltline, etc.) or label adjusiments (e.g., [ree 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, elc.

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 diagran the location ol the maximum crush.

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

Figure G.2. Exterior Crush Measurements for Test 620061-01-5.
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Date: 20250416 Test No.- 620061-015 VN No.: 1C6RREFTBKS585571

Year: 2019 Make: RAM Model: 1500
OCCUPANT COMPARTMENT
s DEFORMATION MEASUREMENT
: W T - ‘ Before After Differ.
" {inches)

i A1 65.00 65.00 0.00
: (R A2 63.00 63.00 0.00
r ,'_\ T l S — A3 65.50 65.50 0.00
B1 45.00 45.00 0.00
B2 38.00 38.00 0.00
o B3 45.00 45.00 0.00
| J S B4 39 50 39.50 0.00
ST A B5 43.00 43.00 0.00
s B6 39.50 39.50 0.00
. — C1 26.00 26.00 0.00
c2 0.00 0.00 0.00
c3 26.00 25.75 -0.25
DA 11.00 11.00 0.00
D2 0.00 0.00 0.00
! ! ! D3 11.50 11.50 0.00
! E1 58.50 59.00 0.50
N E2 63.50 63.75 0.25
- ! - E3 63.50 63.50 0.00
y E4 63.50 63.50 0.00
Tt T F 59.00 59.00 0.00
| G 59.00 59.00 0.00
H 37.50 37.50 0.00
“Lateral area across the cab from driver's side | 37.50 37.50 0.00

kickpanel to passenger’s side kickpanel.
P passeng P I 25.00 25.00 0.00

Figure G.3. Occupant Compartment Measurements for Test 620061-01-5.
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G.2. SEQUENTIAL PHOTOGRAPHS

(a) 0.000 s (b) 0.1000 s

(c) 0.2000 s (d) 0.3000 s

(e) 0.4000 s (f) 0.5000 s

() 0.6000 s (h) 0.7000 s
Figure G.4. Sequential Photographs for Test 620061-01-5 (Overhead Views).
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(a) 0.000 s (b) 0.1000 s

() 0.2000 s (d) 0.3000 s

(e) 0.4000s (f) 0.5000 s

(g) 0.6000 s (h) 0.7000 s

Figure G.5. Sequential Photographs for Test 620061-01-5 (Downstream In-Line
Views).
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(a) 0.000 s (b) 0.1000 s

(c) 0.2000 s (d) 0.3000 s

(e) 0.4000s (f) 0.5000 s

(g) 0.6000 s (h) 0.7000 s

Figure G.6. Sequential Photographs for Test 620061-01-5 (Upstream Field Side
Oblique Views).
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G.3. VEHICLE ANGULAR DISPLACEMENTS
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Axes are vehicle-fixed.
Sequence for determining
orientation:

13. Yaw.

14. Pitch.

15. Roll.

Test Number: 620061-01-5

Test Standard Test Number: MASH Test 3-11
Test Article: Merritt Parkway Guiderail

Test Vehicle: 2019 RAM 1500

Inertial Mass: 5024 Ibs
Gross Mass: 5024 lbs

Impact Speed: 61.2 mi/h

Impact Angle: 25.2°
Figure G.7. Vehicle Angular Displacements for Test 620061-01-5.



G.4. VEHICLE ACCELERATIONS
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Figure G.8. Vehicle Longitudinal Accelerometer Trace for Test 620061-01-5
(Accelerometer Located at Center of Gravity).
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Figure G.9. Vehicle Lateral Accelerometer Trace for Test 620061-01-5
(Accelerometer Located at Center of Gravity).
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Figure G.10. Vehicle Vertical Accelerometer Trace for Test 620061-01-5
(Accelerometer Located at Center of Gravity).



APPENDIX H.

MASH TEST 3-10 (CRASH TEST 620067-01-6)

H.1.VEHICLE PROPERTIES AND INFORMATION

Date:  2025-05-05 Test No.:  620061-01-6 VIN No.:  3N1CN7AP7KL807157
Year: 2019 Make: NISSAN Model: VERSA
Tire Inflation Pressure: 36 PSI Odometer: 200403 Tire Size: P185/65R15

Describe any damage to the vehicle prior to test:  NONE

* Denot lerometer locat b = ;
enotes accelerometer location. /4
NOTES: None
A M N T
| AR
Engine Type: 4 CYL ¥ !

Engine CID: 1.6L
Transmission Type:
Auto or Q Manual
TTrwp O rwbp [ 4wD

Optional Equipment: T 8
NONE 1
‘I
Dummy Data:
Type: 50th Percentile Male
Mass: 185 1b

Seat Position: IMPACT SIDE

Geometry: inches

A B6.70 F 32.50 K 12.50 P 4.50 U 15.50
B 59.60 G 0.00 L 26.00 Q 24.00 V 2125
C 175.40 H 41.40 M 58.30 R 16.25 W 41.50
D 40.50 I 7.00 N 58.50 S 7.50 X 79.75
E 102.40 J 22.50 O 30.50 T 64.50

Wheel Center Ht Front 11.50 Wheel Center Ht Rear 11.50 W-H 0.10

RANGE LIMIT: A =85 43 inches; C =189 8 inches; E =98 45 inches; F = 35 +4 inches; H = 39 44 inches: O {Top of Radiator Support) = 28 +4 inches
{M+N)/2 = 59 £2 inches; W-H < 2 inches or use MASH Paragraph A4.3.2

GVWR Ratings: Mass: Ib Curb Test Inertial Gross Static
Front 1750 Meéront 1422 1450 1535
Back 1687 Mirear 986 984 1064
Total 3389 Mrotal 2408 2434 2599

Allowable TIM = 2420 Ib +55 |b | Allowable GSM = 2585 |b £ 55 b

Mass Distribution:
b LF: 735 RF: 715 LR: 467 RR: 517

Figure H.1. Vehicle Properties for Test 620061-01-6.
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Date: 2025-05-05 Test No.:

620061-01-6

VIN No.: 3N1CN7AP7KL807 157

Year: 2019 Make:

NISSAN

Model:

VERSA

VEHICLE CRUSH MEASUREMENT SHEET!

Complete When Applicable

A2
End shift at frame (CDC)
{chcck onc)
< 4 inches

>4 inches

Bowing constant

X1+ X2
2

[ind Damage Side Damage
Undeformed end width Bowing: Bl X1
Corner shifl: Al B2 X2

Note: Measure Cy 1o Cs L[rom Driver to Passenger Side in Front or Rear Impacts — Rear to Front in Side Impacts.

Direct Damage

Specific N . - . . . "
Impact Plane® of Width®* Maxc# 6 Field < C: G = Cs G D
Number C-Measurements (CDC) Crush 14
1 AT FRONT BUMPER 12 35 16 - - - - - - +17
2 AT FRONT BUMPER 12 10 40 - - - - - - 57

Measurements recorded

inches or Dmm

ITable 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
beliline, etc.) or label adjustments (e.g., [ree space).

Free space value is defined as the distance between the bascline and the original body contour taken at the individual
C locations. This may include the 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 ol the direct damage widih and [ield 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 H.2. Exterior Crush Measurements for Test 620061-01-6.
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Date: 2025-05-05  Test No.- 620061-01-6  VIN No.: 3N1CN7AP7KL807157
Year: 2019 Make: NISSAN Model: VERSA
OCCUPANT COMPARTMENT
Vil | DEFORMATION MEASUREMENT
' F _;' Before After Differ.
. (inches)
G v A1 67.50 67.50 0.00
gy ) A2 67.25 67.25 0.00
A3 67.75 67.75 0.00
B1 4050 40.50 0.00
B2 39.00 39.00 0.00
B1, B2, B3, B4, BS, BS B3 40.50 40.50 0.00
L 4 B4 36.25 36.25 0.00
N &A'; B5 36.00 36.00 0.00
w b1'D§:’1&g§&C;¢‘ A B6 36.25 36.25 0.00
B SRS T SE—— _ C1 26.00 26.00 0.00
o B co 0.00 0.00 0.00
c3 26.00 26.00 0.00
D1 9.50 9.50 0.00
D2 0.00 0.00 0.00
l b D3 9.50 9.50 0.00
81 B2 E1 51.50 51.75 0.25
— E18Er—] E2 51.00 51.25 0.25
' v F 51.00 51.00 0.00
G 37.50 37.50 0.00
H 37.50 37.50 0.00
| 37.50 37.50 0.00
*Lateral area across the cab from J* 51.00 51.00 0.00

driver's side kick panel to passenger’s side kick panel.

Figure H.3. Occupant Compartment Measurements for Test 620061-01-6.
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H.2. SEQUENTIAL PHOTOGRAPHS

_{_ _

() 0.2000 s (d) 0.3000 s

(e) 0.4000 s (f) 0.5000 s

(g) 0.6000 s (h) 0.7000 s
Figure H.4. Sequential Photographs for Test 620061-01-6 (Overhead Views).
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() 0.2000 s (d) 0.3000 s

(e) 0.4000 s (f) 0.5000 s

(g) 0.6000 s (h) 0.7000 s

Figure H.5. Sequential Photographs for Test 620061-01-6 (Downstream In-Line
Views).
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Figure H.6. Sequential Photographs for Test 620061-01-6 (Upstream Field Side
Oblique Views).
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H.3. VEHICLE ANGULAR DISPLACEMENTS
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Axes are vehicle-fixed.
Sequence for determining
orientation:

16. Yaw.

17. Pitch.

18. Roll.

Test Number: 620061-01-6

Test Standard Test Number: MASH Test 3-10
Test Article: Merritt Parkway Guiderail

Test Vehicle: 2019 Nissan Versa

Inertial Mass: 2434 Ibs

Gross Mass: 2599 lbs

Impact Speed: 62.6 mi/h

Impact Angle: 24.6°

Figure H.7. Vehicle Angular Displacements for Test 620061-01-6.
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H.4. VEHICLE ACCELERATIONS
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Figure H.8. Vehicle Longitudinal Accelerometer Trace for Test 620061-01-6
(Accelerometer Located at Center of Gravity).
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Figure H.9. Vehicle Lateral Accelerometer Trace for Test 620061-01-6
(Accelerometer Located at Center of Gravity).
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Figure H.10. Vehicle Vertical Accelerometer Trace for Test 620061-01-6

(Accelerometer Located at Center of Gravity).
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