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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 tests were
performed accordingto TTI Proving Ground quality procedures and Manual for Assessing Safety
Hardware 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 shall promptly disclose
such error to the 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 shall not constitute a breach of the testing contract.

THE TTI LAB SHALL NOT BE LIABLE FOR ANY INDIRECT, CONSEQUENTIAL,
PUNITIVE, OR OTHER DAMAGES SUFFERED BY THE ROADSIDE SAFETY
POOLED FUND OR ANY OTHER PERSON OR ENTITY, WHETHER SUCH
LIABILITY IS BASED, OR CLAIMED TO BE BASED, UPON ANY NEGLIGENT ACT,
OMISSION, ERROR, CORRECTION OF ERROR, DELAY, OR BREACH OF AN
OBLIGATION BY THE TTI LAB.
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SI* (MODERN METRIC) CONVERSION FACTORS

APPROXIMATE CONVERSIONS TO SI UNITS

Symbol When You Know Multiply By  To Find Symbol
LENGTH
in inches 25.4 millimeters mm
ft feet 0.305 meters m
yd yards 0.914 meters m
mi miles 1.61 kilometers km
AREA
in2 square inches 645.2 square millimeters mm?
2 square feet 0.093 square meters m?
yd?2 square yards 0.836 square meters m?
ac acres 0.405 hectares ha
mi? square miles 2.59 square kilometers km?2
VOLUME
fl oz fluid ounces 29.57 milliliters mL
gal gallons 3.785 liters L
ft3 cubic feet 0.028 cubic meters m?3
yd3 cubic yards 0.765 cubic meters m3
NOTE: volumes greater than 1000L shall be shown in m3
MASS
0z 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

|bf poundforce 4.45 newtons N
Ibf/in2 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 in2
m?2 square meters 10.764 square feet ft2
m? square meters 1.195 square yards yd?2
ha hectares 2.47 acres ac
km?2 Square kilometers 0.386 square miles mi?
VOLUME
mL milliliters 0.034 fluid ounces 0z
L liters 0.264 gallons gal
m?3 cubic meters 35.314 cubic feet ft3
m?3 cubic meters 1.307 cubic yards yd3
MASS
g grams 0.035 ounces 0z
kg kilograms 2.202 pounds Ib
Mg (or “t”) megagrams (or “metric ton”) 1.103 shorttons (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

1.1. PROBLEM STATEMENT

With the adoption of the American Association of State Highway Transportation
Officials (AASHTO)/Federal Highway Administration (FHWA) Joint Implementation
Agreement for Manual for Assessing Safety Hardware (MASH) in 2015, specific implementation
dates were defined to determine crashworthiness of roadside safety systems to be implemented
on projects on the National Highway System (NHS) using the 2016 edition of AASHTO MASH
(1, 2). Connecticut Department of Transportation (CTDOT) proposed to review, full-scale crash
test, and evaluate the Merritt Parkway Guiderail system performance in accordance to the
guidelines specified in the 2016 edition of MASH.

1.2. BACKGROUND

The State of Connecticut designed an aesthetic guiderail system for use on the Merritt
Parkway. Bullard et al. (1996) evaluated this design in accordance to the guidelines specified in
National Cooperative Highway Research Program (NCHRP) Report 350 to allow its
implementation on the NHS (3, 4). The Merritt Parkway steel-backed timber guiderail met all
NCHRP Report 350 evaluation criteria for test designations 3-11 (length of need (LON)
performance with and without curb), 3-10 (LON performance without curb), and 3-21
(performance of the transition section between the LON of the guiderail and a concrete parapet).

In all tests performed, the Merritt Parkway steel-backed timber guiderail contained and
redirected the vehicle through controlled lateral deflection. The vehicle did not penetrate, or go
over or under the installation. In all tests, there were no detached elements or debris from the test
article to show potential for penetrating the occupant compartment or presenting undue hazard to
others in the area. The rail performed in all tests in a manner such that serious injury caused by
the deformation of the occupant compartment was not probable. The vehicles remained upright
and stable during and after collision with the guiderail. In most cases, there was minimal, if any,
intrusion into adjacent traffic lanes. The occupant risk factors were within the limits specified in
NCHRP Report 350.

The crash test program conducted in 1996 by Bullard et al. demonstrated that this
aesthetic guiderail system complied with guidelines specified in NCHRP Report 350 and was
suitable for use by the State of Connecticut on the Merritt Parkway.

With the adoption of the AASHTO/FHWA Joint Implementation Agreement for MASH
in 2016, specific implementation dates were defined to determine crashworthiness of roadside
safety systems to be implemented on projects on the NHS using the 2016 edition of MASH.
CTDOT was interested in including this guardrail system within its standards as an available
roadside safety hardware. However, prior to adding this system to the CTDOT standards, it was
necessary to have a MASH-2016 compliant system. CTDOT proposes to full-scale crash test and
evaluate the Merritt Parkway Guiderail system performance in accordance to the guidelines
specified in the 2016 edition of MASH.
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1.3. OBJECTIVE

The testing research objectives are to:

1. Full-scale crash test and evaluate the Merritt Parkway Guiderail LON performance
per MASH Tests 3-11 and 3-10;

2. Full-scale crash test and evaluate the Merritt Parkway Guiderail LON performance
with installation of a curb in front of the guiderail (MASH Tests 3-11 and 3-10); and

3. Full-scale crash test and evaluate the performance of the transition section between
the LON of the Merritt Parkway Guiderail and a concrete parapet (MASH Tests 3-21
and 3-20).

If the results of the full-scale crash tests are deemed successful per MASH standards, this
research would generate documentation needed to support a request for an FHWA eligibility
letter.

14. WORK PLAN

1.4.1. Task 1 — System Drawings and Construction

The TTI research team worked closely with the project Technical Representative to
determine the construction characteristics (and the details) of the Merritt Parkway Guiderail
system, including details for curb and transition to concrete parapet. The proposed construction
characteristics were approved by CTDOT before being considered for construction. A total of six
full-scale crash tests were to be conducted according to MASH Test Level 3 (TL-3) standard.

1.4.2. Task 2 — Full-Scale Crash Test (Test 3-11 on LON, no Curb)

This full-scale crash test involves a 5000-Ib pickup truck impacting the Merritt Parkway
Guiderail LON at 62 mi/h nominal speed and at nominal orientation of 25 degrees (MASH Test
3-11). The test investigates vehicle stability, occupant risk, and evaluates the likelihood for the
vehicle to experience pocketing or snagging, and undergo excessive occupant compartment
deformation. As part of this Task, critical impact point (CIP) was determined according to
pertinent information contained in MASH.

1.4.3. Task 3 — Full-Scale Crash Test (Test 3-10 on LON, no Curb)

This full-scale crash test involves a 2420-Ib passenger car impacting the Merritt Parkway
Guiderail LON at 62 mi/h nominal speed and at nominal orientation of 25 degrees (MASH Test
3-10). The test investigates vehicle stability, occupant risk, and evaluates the likelihood for the
vehicle to experience pocketing or snagging, and undergo excessive occupant compartment
deformation. As part of this Task, CIP was determined according to pertinent information
contained in MASH.

1.4.4. Task 4 — Full-Scale Crash Test (Test 3-11 on LON, with Curb)

This full-scale crash test involves a 5000-Ib pickup truck impacting the Merritt Parkway
Guiderail LON, with a curb installed in front of the guiderail. The pickup truck vehicle impacts
the system at 62 mi/h nominal speed and at nominal orientation of 25 degrees (MASH Test 3-11).
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The test will investigate vehicle stability, occupant risk and evaluates the likelihood for the
vehicle to experience pocketing or snagging, and undergo excessive occupant compartment
deformation. As part of this Task, CIP was determined according to pertinent information
contained in MASH.

1.4.5. Task5 — Full-Scale Crash Test (Test 3-10 on LON, with Curb)

This full-scale crash test involves a 2420-Ib passenger car impacting the Merritt Parkway
Guiderail LON, with a curb installed in front of the guiderail. The passenger car vehicle impacts
the system at 62 mi/h nominal speed and at nominal orientation of 25 degrees (MASH Test 3-10).
The test investigates vehicle stability, occupant risk, and evaluates the likelihood for the vehicle
to experience pocketing or snagging, and undergo excessive occupant compartment deformation.
As part of this Task, CIP was determined according to pertinent information contained in MASH.

1.4.6. Task 6 — Full-Scale Crash Test (Test 3-21 on Transition)

This full-scale crash test involves a 5000-1b pickup truck impacting the transition system
connecting the Merritt Parkway Guiderail to the concrete parapet. The pickup truck vehicle will
impact the system at 62 mi/h nominal speed and at nominal orientation of 25 degrees (MASH
Test 3-21). The test investigates vehicle stability, occupant risk and evaluates the likelihood for
the vehicle to experience pocketing or snagging, and undergo excessive occupant compartment
deformation. As part of this Task, CIP was determined according to pertinent information
contained in MASH.

1.4.7. Task 7 — Full-Scale Crash Test (Test 3-20 on Transition)

This full-scale crash test involves a 2420-Ib passenger car impacting the transition system
connecting the Merritt Parkway Guiderail to the concrete parapet. The passenger car vehicle
impacts the system at 62 mi/h nominal speed and at nominal orientation of 25degrees (MASH
Test 3-20). The test investigates vehicle stability, occupant risk, and evaluates the likelihood for
the vehicle to experience pocketing or snagging, and undergo excessive occupant compartment
deformation. As part of this Task, CIP was determined according to pertinent information
contained in MASH.

1.4.8. Task 8 — Report and Recommendations

The TTI research team generated this final report of the findings from the research
testing. Results are reported in terms of the system performance, vehicle stability, and occupant
risk factors, and was compared with respect to MASH crashworthiness criteria. The TTI research
team provided drawings of the railing system and of each of their components.

If the results of the full-scale crash tests are deemed successful per MASH, this project
will culminate with a request for a FHWA eligibility letter(s) for the tested and evaluated
systems.

This report provides details on the Merritt Parkway Guiderail with no curb, the crash tests
and results, and the performance assessment of the Merritt Parkway Guiderail with no curb for
MASH TL-3 longitudinal barrier evaluation criteria.
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Chapter 2. TEST REQUIREMENTS AND EVALUATION CRITERIA

2.1. CRASH TEST PERFORMED/MATRIX

Table 2.1. shows the test conditions and evaluation criteria for MASH TL-3 for
longitudinal barriers and transitions. The target CIPs for each test were determined using the
information provided in MASH Section 2.2.1 and Section 2.3.2. Error! Reference source not
found. and Error! Reference source not found. show the target CIPs for MASH Tests on the
Modified Merritt Parkway Guiderail with no curb, and Figure 2.3 and Figure 2.4 show the target
CIPs for the MASH tests on the Merritt Parkway Guiderail Transition.

Table 2.1. Test Conditions and Evaluation Criteria Specified for MASH TL-3
Longitudinal Barriers and Transitions.

Impact
Test Article Desigﬁsgtion V;err?isgle Conditions E\C/:arliligﬁiign
Speed | Angle

Longitudinal 3-10 1100C 62 mi/h 25° A D, F HI
Barriers 3-11 2270P 62 mi/h | 25° A, D, F H,I
3-20 1100C 62 mi/h 25° A D, F HI

Transitions 3-21 2270P 62 mi/h 25° A D, F H,I
3-21 2270P 62 mi/h 25° A D, F H I

Figure 2.1. Target CIP for MASH Test 3-10 on Merritt Parkway Guiderail with Curb (Test
No. 612061-03-1.
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Figure 2.2. Target CIP for MASH Test 3-11 on Modified Merritt Parkway Guiderail with
Curb (Test No. 612061-03-1.

2725 23 02 19 17 15 13 11 9 7 5 3 1
lllll A T W VI SN T TR VI S P S VU S T S VU S Ve S - ‘_E
e e ——
. 25°
18[4Dﬁ]—>|L R
"\-\.\\\-

TR No.612061-08-01 5 2024-02-06



Figure 2.3. Target CIP for MASH Test 3-20 on Merritt Parkway Guiderail Transition (Test
No. 612061-07-1.
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Figure 2.4. Target CIP for MASH Test 3-21 on Merritt Parkway Guiderail Transition (Test
No. 612061-06-1.

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

2.2. EVALUATION CRITERIA

The appropriate safety evaluation criteria from Tables 2-2 and 5-1 of MASH were used to
evaluate the crash tests reported herein. Table 2.1. lists the test conditions and evaluation criteria
required for MASH TL-3, and Table 2.2 provides detailed information on the evaluation criteria.
An evaluation of the crash test results is presented in Chapter 7.
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Table 2.2. Evaluation Criteria Required for MASH TL-3 Longitudinal Barriers and

Transitions.

Evaluation
Factors

Evaluation Criteria

MASH Test

Structural
Adequacy

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.

10, 11, 20, 21

Occupant
Risk

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.

10, 11, 20, 21

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

10, 11, 20, 21

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

10, 11, 20, 21

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

10, 11, 20, 21
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Chapter 3. TEST CONDITIONS

3.1. 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 site
selected for construction and testing of the Merritt Parkway Guiderail installation was along the
edge of an out-of-service apron. The apron consists of an unreinforced jointed-concrete
pavementin 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.

3.2.  VEHICLE TOW AND GUIDANCE SYSTEM

Each vehicle was towed into the test installation using a steel cable guidance and reverse
tow system. A steel cable for guiding the test vehicle was tensioned along the path, anchored at
each end, and threaded through an attachment to the front wheel of the test vehicle. An additional
steel cable was connected to the test vehicle, passed around a pulley near the impact point and
through a pulley on the tow vehicle, and then anchored to the ground such that the tow vehicle
moved away from the test site. A 2:1 speed ratio between the test and tow vehicle existed with
this system. Just prior to impact with the installation, the test vehicle was released and ran
unrestrained. The vehicle remained freewheeling (i.e., no steering or braking inputs) until it
cleared the immediate area of the test site.

3.3. DATA ACQUISITION SYSTEMS

3.3.1. 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 16-channel Tiny Data Acquisition
System (TDAS) Pro 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 TDAS Pro hardware
and software conform to the latest SAE J211, Instrumentation for Impact Test. Each of the
16 channels is capable of providing precision amplification, scaling, and filtering based on
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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 TDAS Pro
unitinto 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 of the TDAS Pro units is returned to the factory annually for complete recalibration
and to ensure that all instrumentation used in the vehicle conforms to the specifications outlined
by SAE J211. All accelerometers are calibrated annually by means of an ENDEVCO® 2901
precision primary vibration standard. This standard and its support instruments are checked
annually and receive a National Institute of Standards Technology (NIST) traceable calibration.
The rate transducers used in the data acquisition system receive calibration via a Genisco Rate-
of-Turn table. The subsystems of each data channel are also evaluated annually, using
instruments with current NIST traceability, and the results are factored into the accuracy of the
total data channel per SAE J211. Calibrations and evaluations are also made anytime data are
suspect. Acceleration data are measured with an expanded uncertainty of 1.7 percent at a
confidence factor of 95 percent (k = 2).

TRAP uses the data from the TDAS Pro to compute the occupant/compartment impact
velocities, time of occupant/compartment impact after vehicle impact, and highest
10-millisecond (ms) average ridedown acceleration. TRAP calculates change in vehicle velocity
at the end of a given impulse period. In addition, maximum average accelerations over 50-ms
intervals in each of the three directions are computed. For reporting purposes, the data from the
vehicle-mounted accelerometers are filtered with an SAE Class 180-Hz low-pass digital filter,
and acceleration versus time curves for the longitudinal, lateral, and vertical directions are
plotted using TRAP.

TRAP uses the data from the yaw, pitch, and roll rate transducers to compute angular
displacement in degrees at 0.0001-s intervals, and then plots yaw, pitch, and roll versus time.
These displacements are in reference to the vehicle-fixed coordinate system with the initial
position and orientation being initial impact. Rate of rotation data is measured with an expanded
uncertainty of +0.7 percent at a confidence factor of 95 percent (k = 2).

3.3.2. Anthropomorphic Dummy Instrumentation

An Alderson Research Laboratories Hybrid 11, 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. However, MASH recommends that a dummy be used when testing “any
longitudinal barrier with a height greater than or equal to 33 inches.” More specifically, use of
the dummy in the 2270P vehicle is recommended for tall rails to evaluate the “potential for an
occupant to extend out of the vehicle and come into direct contact with the test article.” Although
this information is reported, it is not part of the impact performance evaluation. Since the rail
height of the concrete parapet was 33 inches, a dummy was placed in the front seat of the 2270P
vehicle on the impact side and restrained with lap and shoulder belts.
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3.3.3. Photographic Instrumentation Data Processing

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

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

e One placed upstream from the installation at an angle to have a field of view of the
interaction of the rear of the vehicle with the installation.

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

A flashbulb on the impacting vehicle was activated by a pressure-sensitive tape switch to
indicate the instant of contact with the guiderail/transition installation. 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 4. MERRITT PARKWAY GUIDERAIL WITH CURB

4.1. TEST ARTICLE DETAILS

4.1.1. Installation Details

The installation was comprised of a timber single rail system supported by timber
blockouts attached to steel W6x15 by 78-inch long posts embedded 49%. inches below grade.
The top of the rail was 30 inches above grade. The timber rails were secured to blockouts and
posts with a standard steel backup plate attached to the field side of the timbers, which were in
turn both attached to a splice plate attached to the posts and blockouts. A concrete parapet with
an adjoining transition section was constructed on the downstream end of the system, and a
sloped and flared anchor section was constructed on the upstream end. The total length of the
system measured 166 ft-0 inches.

The parapet measured 16 ftlong, 33 inches high above grade, and 12 inches wide at the
top, stepping to 10% inches wide at the base on the field side at 20 inches above grade. The
concrete parapet was anchored with U-bars to a 16-ft long, 56-inch wide, and 18-inch deep
concrete slab cast below grade.

The timber rail transition section extended 21 ft-2 inches upstream from the end of the
parapet with four post spacings at 30 inches and two post spacings at 60 inches. A terminal curb
section extended from the parapet approximately 20 feet upstream. It commenced 8 inches above
grade, sloped downward, and terminated flush with grade just downstream of post 13.

The LON measured 100 ft with eleven posts (Nos. 3—13) spaced on 10-ft centers. The
upstream anchor section measured 29 ft-% inch in length and flared 34% inches to the field side
while sloping down before terminating into an anchor block located below grade. The concrete
anchor block measured approximately 36x36 inches x 39 inches tall and was cast 597 inches
deep into the surrounding soil.

Figure 4.1presents the overall information on the Merritt Parkway Guiderail, and
Figure 4.2 provides photographs of the installation. Appendix A.1 provides further details on the
Merritt Parkway Guiderail. Drawings were provided by the Texas A&M Transportation Institute
(TTI) Proving Ground, and construction was performed by Bryan Construction and DMA
Construction, Inc., and supervised by TTI Proving Ground personnel.

4.1.2. Design Modifications during Tests

No modification was made to the installation during this testing phase. No modification
was made to the installation during this testing phase. However, due to the results of this testing
phase, modifications were made to the system as described in Chapter 5 of this report.
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Figure 4.1. Details of Merritt Parkway Guiderail with No Curb.
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Figure 4.2. Merritt Parkway Guiderail with No Curb prior to Testing.

4.1.3. Material Specifications

The specified minimum compressive strengths of concrete were as follows:

e Parapet and foundation — 3600 psi.

e Parapet terminal transition curb — 3000 psi.
e 50 ftcurb in LON - 4000 psi.

e Anchor block — 3000 psi.
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Concrete samples from the parapet foundation were broken on 2020-06-01. Concrete
samples from the parapet, transition curb, 50 ft curb, and anchor block were broken on
2020-07-07. The average compressive strengths of the concrete were as follows:

e Parapet foundation: 4893 psi at 32 days of age.

e Parapet: 5573 psi at 46 days of age. parapet terminal transition curb: 5573 psi at
46 days of age.

e 50 ftcurb in LON: 4573 psi at 26 days of age.

e Anchor block: 5573 psi at 46 days of age

Appendix B provides material certification documents for the materials used to
install/construct the Merritt Parkway Guiderail.

4.1.4. Soil Conditions

The test installation was installed in standard soil meeting grading B of AASHTO
standard specification M147-65(2004) “Materials for Aggregate and Soil Aggregate Subbase,
Base and Surface Courses.” A soil strength test was not performed.

4.2. MASH TEST 3-11 (CRASH TEST NO. 612061-02-1)

4.2.1. Test Designation and Actual Impact Conditions

MASH Test 3-11 involves a 2270P vehicle weighing 5000 Ib + 110 Ib impacting the CIP
of the longitudinal barrier atan impact speed of 62 mi/h = 2.5 mi/h and an angle of 25 degrees
+ 1.5 degrees. The CIP for MASH Test 3-11 on the Merritt Parkway Guiderail with no curb was
14.0 ft £ 1 ft upstream of centerline of post 11. Figure 2.1 and Error! Reference source not
found. depict the target impact setup.

Figure 4.3. Merritt Parkway Guiderail/Test Vehicle Geometrics for Test No. 612061-02-1.

The 2270P vehicle weighed 5012 Ib, and the actual impact speed and angle were
62.4 mi/h and 24.3 degrees. The actual impact point was 13.6 ft upstream of the centerline of
post 11. Minimum target impact severity (1S) was 106 kip-ft, and actual 1S was 111 kip-ft.
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4.2.2. Weather Conditions

The test was performed on the morning of December 17, 2020. Weather conditions at the
time of testing were as follows: wind speed: 4 mi/h; wind direction: 196 degrees (vehicle was
traveling at a heading of 195 degrees); temperature: 44°F; relative humidity: 80 percent.

4.2.3. Test Vehicle

Error! Reference source not found. shows the 2014 RAM 1500 pickup truck used for
the crash test. The vehicle’s test inertia weight was 5012 Ib, and its gross static weight was 5177
Ib. The heightto the lower edge of the vehicle bumper was 11.8 inches, and height to the upper
edge of the bumper was 27.0 inches. The height to the vehicle’s center of gravity was 28.5
inches. Tables A.6 and A.7 in Appendix A.4.1 give additional dimensions and information on the
vehicle. The vehicle was directed into the installation using a cable reverse tow and guidance
system, and was released to be freewheeling and unrestrained just prior to impact.

Figure 4.4. Test Vehicle before Test No. 612061-02-1.

4.2.4. Test Description

Error! Reference source not found. lists events that occurred during Test No. 612061-
02-1. Figures A.7 and A.8 in Appendix A.4.2 present sequential photographs during the test.

Table 4.1. Events during Test No. 612061-02-1.

Time (s) | Events

0.0000 [ Vehicle impacts the installation

0.0160 | Post 9 and 8 begins to deflect toward field side

0.0380 | Post 8 and 10 begins to deflect back toward field side

0.0470 | Vehicle begins to redirect

0.1470 | Upstream end of rail at post 11 impacts front of vehicle

0.2890 | Forward momentum of truck ceased and truck begins to yaw clockwise
1.0000 | Vehicle loses contact with guide rail while traveling at 8.4 mi/h,
trajectory of 86.2 degrees, and heading of 75.6 degrees
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For longitudinal barriers, it is desirable for the vehicle to redirect and exit the barrier
within the exit box criteria (not less than 32.8 ft downstream from loss of contact for cars and
pickups). The test vehicle exited within the exit box criteria defined in MASH. After loss of
contact with the guide rail, the vehicle came to rest 17.5 ft downstream of the point of impact and
against 5 ft toward traffic lanes.

4.2.5. Damage to Test Installation

Error! Reference source not found. through Error! Reference source not found.
show the damage to the Merritt Parkway Guiderail with no curb. The traffic face of the wood rail
was scuffed and gouged at impact. The rail between posts 9 and 11 had extensive damage and
was shattered with large pieces removed that came to rest 25 ft behind the rail in line with post
12. Post 8 was leaning 6 degrees toward the field side from vertical, and there was a 3%2-inch gap
in the soil on the traffic side. Post 9 was leaning 10 degrees toward the field side from vertical,
and there was a 2-inch gap in the soil on the field side. Post 10 was leaning 28 degrees toward
the field side and downstream from vertical, and the blockout was split in half vertically. Post 11
was severely deformed and was leaning 51 degrees toward field side and downstream from
vertical. Post 12 was leaning 6 degrees toward field side from vertical, and there was a 2%-inch
gap in the soil on the traffic side. Post 13 had a %-inch gap in the soil on both the traffic and field
side. Working width* was 44.8 inches, and height of working width was 46.3 inches. Maximum
dynamic deflection during the test was 22.6 inches. The maximum permanent deformation of the
metal backup rail was 22.9 inches.

“ 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,
workingwidth 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 4.5. Merritt Parkway Guiderail after Test No. 612061-02-1.
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Figure 4.6. Damage at Posts 8 through 13 after Test No. 612061-02-1.
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Figure 4.7. Field Side of Guiderail after Test No. 612061-02-1.

4.2.6. Damage to Test Vehicle

Error! Reference source not found. shows the damage sustained by the vehicle. The
front bumper, hood, grill, radiator and support, right front fender, right frame rail, right upper
and lower control arms, right front tire and rim, right A-post, right front door, right front floor
pan, right rear cab corner, right exterior bed, and rear rear spring were damaged. The windshield
had stress cracks radiating upward and inward from the right lower corner. The windshield
sustained stress cracks radiating upward and inward from the lower right corner. No fuel tank
damage was observed. Maximum exterior crush to the vehicle was 16.0 inches in the front plane
at the right front corner at bumper height. Maximum occupant compartment deformation was 6.0
inches in the right front firewall/toe pan area. Error! Reference source not found. shows the
interior of the vehicle. Tables A.9 and A.10 in Appendix A.4.1 provide exterior crush and
occupant compartment measurements.

4.2.7. Occupant Risk Factors

Data from the accelerometers were digitized for evaluation of occupant risk, and the
results are shown in Error! Reference source not found.. Figure A.9 in Appendix A.4.3 shows
the vehicle angular displacements, and Figures A.10 through A.12 in Appendix A.4.4 show
acceleration versus time traces. Error! Reference source not found. summarizes pertinent
information from the test.
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Figure 4.9. Interior of Test Vehicle after Test No. 612061-02-1.

Table 4.2. Occupant Risk Factors for Test No. 612061-02-1.

Occupant Risk Factor Value Time
Occupant Impact Velocity (OIV)
Long'}ijadtgg: ﬁi Igz at 0.1386 s on right side of interior
Occupant Ridedown Accelerations
Longitudinal [25.0g 0.1516 - 0.1616 s
Lateral [10.6 g 0.1473 - 0.1573 s
[Theoretical Head Impact Velocity (THIV) | 7.7 m/s at 0.1319 s on right side of interior
Acceleration Severity Index (ASI) |1.2 0.1564 - 0.2064 s
Maximum 50-ms Moving Average
Longitudinal [-14.0 g 0.1803 - 0.2303 s
Lateral |-5.4¢g 0.0408 - 0.0908 s
Vertical |53 ¢ 1.1199 - 1.1699 s
Maximum Yaw, Pitch, and Roll Angles
Roll |19 degrees |1.5955s
Pitch |16 degrees |0.6788s
Yaw |60 degrees |1.2362 s
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Installation Length..............

Material or Key Elements....
Soil Type and Condition......
Test Vehicle

Type/Designation...............
Make and Model................

Texas A&M Transportation Institute (TTI)
MASH Test 3-11

612061-02-1

2020-12-17

Longitudinal Barrier—Guardrail

Merritt Parkway Guiderail with no curb
166 ft

Metal back timber rail on steel posts and
timber blockouts

AASHTO M147-65, grading B Soil
(crushed limestone)

2270P

2014 RAM 1500 Pickup
4962 Ib

5012 Ib

165 Ib

5177 b

Impact Conditions

Post-Impact Trajectory

Speed Stopping Distance.................... 17.5 ft downstream
ANngle ... 5 ft twd traffic lanes
Location/Orientation........... 13.6 ft upstream of  Vehicle Stability
post 11 Maximum Roll Angle................. 19°
Impact Severity ................... 111 kip-ft Maximum Pitch Angle............... 16°
Exit Conditions Maximum Yaw Angle................ 60°
Speed......ooooeiiiiiiii 8.4 m/h Vehicle Snagging.........cccccueee. Yes
Trajectory/Heading Angle ...86.2°/75.6° Vehicle Pocketing............cccc..... Yes
Occupant Risk Values Test Article Deflections
Longitudinal OIV ................ 23.3 ft/s DynamicC.......cooevveeiiiiiiniinee, 22.6 inches
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THIV oo 7.7 m/s Vehicle Damage
ASLciiiiin 1.2 VDS it 01RFQ5
Max. 0.050-s Average CDC.oiiieie e 01FREW3
Longitudinal.................... -14.09 Max. Exterior Deformation........ 16.0 inches
Lateral........coooeeeeeeeeennnnn. -5.4¢ OCDL.cceviiiiiiiiiiiiiiiiiiiiiiiieeiieeae RF0020000
Vertical......ooooeeiiiiinnnnne -5.3¢g Max. Occupant Compartment
Deformation.............ccccvveene. 6.0 inches

Figure 4.10. Summary of Results for MASH Test 3-11 on Merritt Parkway Guiderail with No Curb.



4.3. DISCUSSION

MASH Test 3-11 for longitudinal barriers was performed on the Merritt Parkway
Guiderail with no curb. During this test, the longitudinal occupant ridedown acceleration of

25.0 g exceeded the limit of 20.49 g specified in MASH. Therefore, modifications were made to
the design and the guiderail was retested.
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Chapter 5. MODIFIED MERRITT PARKWAY GUIDERAIL WITH NO
CURB

5.1. TEST ARTICLE DETAILS

5.1.1. Installation Details

The Modified Merritt Parkway Guiderail incorporated 21 posts in the LON such that the
post spacing was decreased from 10 ftto 5 ft. Furthermore, the ten additional posts (with
blockouts) were not bolted to the timber rails and steel backup plates. To wit:

The installation was comprised of a timber single rail system supported by timber
blockouts attached to steel W6x15 by 78-inch long posts embedded 53% inches below grade.
The top of the rail was 30 inches above grade. For odd numbered posts (Nos. 3-23), the timber
rails were secured to blockouts and posts with a standard steel backup plate attached to the field
side of the timbers, which were in turn both attached to a splice plate attached to the posts and
blockouts. For evennumbered posts (Nos. 4-22) the timber rail and steel backup plates were not
bolted to the posts and blockouts. A concrete parapet with an adjoining transition section was
constructed on the downstream end of the system, and a sloped and flared anchor section was
constructed on the upstream end. The total length of the system measured 166 ft-0 inches.

The parapet measured 16 ft long, 33 inches high above grade, and 12 inches wide at the
top, stepping to 10% inches wide at the base on the field side at 20 inches above grade. The
concrete parapet was anchored with U-bars to a 16-ft long, 56-inch wide, and 18-inch deep
concrete slab cast below grade.

The timber rail transition section extended 21 ft-2 inches upstream from the end of the
parapet with four post spacings at 30 inches and two post spacings at 60 inches. A terminal curb
section extended from the parapet approximately 20 feet upstream. It commenced 8 inches above
grade, sloped downward, and terminated flush with grade just downstream of post 23.

The LON measured 100 ft with eleven posts (Nos. 3-23) spaced on 5 ft centers. A 50-
foot long curb section (spanning from posts Nos. 7-17) was constructed with its face located 12
inches from the traffic side of the rail. The top of the curb was at grade as referenced to the rail
height. The bottom of the curb was 4 inchesbelow grade at the roadway elevation. The 4-inch
tall, sloped-face curb was 5% inches wide at the bottom with a 12-inch deep by 31%-inch wide
base below grade.

The upstream anchor section measured 29 ft-% inch in length and flared 34% inches to the
field side while sloping down before terminating into an anchor block located below grade. The
concrete anchor block measured approximately 36x36 inches x 39 inches tall and was cast 59 %
inches deep into the surrounding soil.

Figure 4.1presents the overall information on the Modified Merritt Parkway Guiderail,
and Figure 4.2 provides photographs of the installation. Appendix C.1 provides further details on
the Modified Merritt Parkway Guiderail. Drawings were provided by the Texas A&M
Transportation Institute (TTI) Proving Ground, and construction was performed by Bryan
Construction and DMA Construction, Inc., and supervised by TTI Proving Ground personnel.
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Figure 5.1. Details of Merritt Parkway Guiderail with No Curb.



Figure 5.2. Modified Merritt Parkway Guiderail with No Curb prior to Testing.
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5.1.2. Design Modifications during Tests

Other than described above, no additional modifications were made to the Modified
Merritt Parkway Guiderail with no curb during this testing phase.

5.1.3. Material Specifications

The specified minimum compressive strengths of concrete were as follows:

Parapet and foundation — 3600 psi.

Parapet terminal transition curb — 3000 psi.
50 ft curb in LON — 4000 psi.

Anchor block — 3000 psi.

Concrete samples from the parapet foundation were broken on 2020-06-01. concrete
samples from the parapet, transition curb, and anchor block were broken on 2020-07-07. The
reconstructed 50 ft Curb samples were broken on 2020-09-02. The average compressive
strengths of the concrete were as follows:

e Parapet foundation: 4893 psi at 32 days of age.

e Parapet: 5573 psi at 46 days of age. parapet terminal transition curb: 5573 psi at
46 days of age.

e 50 ftcurb in LON: 5187 psi at 43 days of age.

e Anchor block: 5573 psi at 46 days of age

Appendix B provides material certification documents for the materials used to
install/construct the Modified Merritt Parkway Guiderail with no curb.

5.1.4. Soil Conditions

The test installation was installed in standard soil meeting grading B of AASHTO
standard specification M147-65(2004) “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. Table C.1 in Appendix C.2 presents minimum soil strength properties
established through the dynamic testing performed in accordance with MASH Appendix B.

As determined by the tests summarized in Appendix C.2, Table C.1, the minimum post
loads required for deflections at 5 inches, 10 inches, and 15 inches, measured at a height of
25 inches, are 3940 Ib, 5500 Ib, and 6540 Ib (90 percent of static load for the initial standard
installation).

On the day of Crash Test No. 612061-02-1A, October 2, 2020, loads on the post at
deflections of 5 inches, 10 inches, and 15 inches were 8543 Ibf, 8333 Ibf, and 8030 Ibf. On the
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day of the rash Test No. 612061-03-1, September 2, 2020, loads on the post at deflections of
5 inches, 10 inches, and 15 inches were 10,909 Ibf, 9848 Ibf, and 7575 Ibf. Table C.2 and
Table C.3in Appendix C.2 show the strength of the backfill material in which the Merritt
Parkway Guiderail was installed met minimum MASH requirements for soil strength.

5.2,  MASH TEST 3-11 (CRASH TEST NO. 612061-02-1A)

5.2.1. Test Designation and Actual Impact Conditions

MASH Test 3-11 involves a 2270P vehicle weighing 5000 Ib + 110 Ib impacting the CIP
of the longitudinal barrier atan impact speed of 62 mi/h £ 2.5 mi/h and an angle of 25 degrees
+ 1.5 degrees. The CIP for MASH Test 3-11 on the Modified Merritt Parkway Guiderail with no
curb was 14.0 ft+ 1 ft upstream of centerline of post 11. Error! Reference source not found.
and Figure 5.3 depict the target impact setup.

Figure 5.3. Modified Merritt Parkway Guiderail with No Curb/Test Vehicle Geometrics for
Test No. 612061-02-1A.

The 2270P vehicle weighed 5033 Ib, and the actual impact speed and angle were
61.5 mi/h and 25.1 degrees. The actual impact point was 14.2 ft upstream of the centerline of
post 11. Minimum target IS was 106 kip-ft, and actual IS was 115 kip-ft.

5.2.2. Weather Conditions

The test was performed on the afternoon of September 2, 2020. Weather conditions at the
time of testing were as follows: wind speed: 1 mi/h; wind direction: 252 degrees (vehicle was
traveling at a heading of 195 degrees); temperature: 84°F; relative humidity: 75 percent.

5.2.3. Test Vehicle

Figure 5.4 shows the 2014 RAM 1500 pickup truck used for the crash test. The vehicle’s
test inertia weight was 5033 Ib, and its gross static weight was 5033 Ib. The height to the lower
edge of the vehicle bumper was 11.75 inches, and height to the upper edge of the bumper was
27.0 inches. The height to the vehicle’s center of gravity was 29.5 inches. Tables C.1 and C.2 in
Appendix C.3.1 give additional dimensions and information on the vehicle. The vehicle was
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directed into the installation using a cable reverse tow and guidance system, and was released to
be freewheeling and unrestrained just prior to impact.

Figure 5.4. Test Vehicle before Test No. 612061-02-1A.

5.2.4. Test Description

Table 5.1 lists events that occurred during Test No. 612061-02-1A. Figures C.1 and C.2
in Appendix C.3.2 present sequential photographs during the test.

Table 5.1. Events during Test No. 612061-02-1A.
Time (s) | Events
-0.011 | Vehicle right front tire contacts curb
0.000 Vehicle impacts guiderail
0.018 Post 9 and 8 deflect toward field side
0.040 Vehicle begins to redirect
0.065 Wooden rail element between post 9 and 11 fractured
0.092 Front of vehicle contacts post 10
0.163 Front of vehicle contacts upstream end of rail between post 11 and 12
0.355 Vehicle forward momentum stopped and begins rotating clockwise

For longitudinal barriers, it is desirable for the vehicle to redirect and exit the barrier
within the exit box criteria (not less than 32.8 ft downstream from loss of contact for cars and
pickups). The test vehicle exited within the exit box criteria defined in MASH. Brakes on the
vehicle were not applied. The vehicle cameto rest 17 ft downstream of the point of impact and
against the traffic face of the guiderail.

5.2.5. Damage to Test Installation

Figure 5.5 through Figure 5.7 show the damage to the Modified Merritt Parkway
Guiderail. There was no movement noted between posts 1 through 4 and 6. The soil was
disturbed at post 5. Post 7 had a %-inch gap in the soil at both the traffic and field side of the
post, and was it leaning 1 degree from vertical toward field side. Post 8 had a 1%2-inch gap in the
soil on the traffic side, and Y4-inch gap on the field side, with the post leaning 3 degrees from
vertical toward the field side. Post 9 had a 3%-inch gap in the soil at the back, and was leaning
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2 degrees from vertical toward field side. Post 10 was detached from the rail, rotated 90 degrees
clockwise, and was leaning 32 degrees from vertical over. Post 11 was similarly detached from
the rail, rotated 90 degrees clockwise, and was leaning 48 degrees from vertical.. Post 12 had a
1-inch gap in the soil at the front, and was leaning 1.6° degrees from vertical toward the field
side. The rail at post 12 was 9% inches from the front face of the blockout. Post 13 had a Y2-inch
gap in the soil on the field side, and was leaning 1 degree from vertical toward the filed side. The
upstream rail at this post was 2 inches from the front face of the blockout. Posts 14 through 17
had a slight soil disturbance, and no movement was noted from post 18 to the end. The debris
field extended from impact toward the field side of the rail, and ended at post 16. A large section
of the wooden rail came to rest 20 ft behind the posts and 16 ft downstream from impact. There
was another smaller section of rail that came to rest 43 ft behind and in line with post 16.
Working width™ was 70.1 inches, and height of working width was 35.5 inches. Maximum
dynamic deflection during the test was 30.4 inches. The maximum permanent deformation of the
installation was 12.5 inches at 4 ft downstream of post 9.

Figure 5.5. Modified Merritt Parkway Guiderail after Test No. 612061-02-1A.

“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,
workingwidth 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 5.6. Damage at Posts 5 through 8 after Test No. 612061-02-1A.
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Figure 5.7. Field Side of Guiderail after Test No. 612061-02-1A.

5.2.6. Damage to Test Vehicle

Figure 5.8 shows the damage sustained by the vehicle. The front bumper, hood, grill,
radiator and support, fan, water pump, right frame rail, right upper and lower control arms, right
fronttire and rim, right front fender, right front floor pan, and right front door. The windshield
had a few stress cracks radiating upward and inward from the right lower corner. No fuel tank
damage was observed. Maximum exterior crush to the vehicle was 12.0 inches in the side plane
at the right front corner at bumper height. Maximum occupant compartment deformation was
4.25 inches in the right front firewall area. Figure 5.9 shows the interior of the vehicle.
Tables C.3 and C.4 in Appendix C.3.1 provide exterior crush and occupant compartment
measurements.

5.2.7. Occupant Risk Factors

Data from the accelerometers were digitized for evaluation of occupant risk, and the
results are shown in Table 5.2. Figure C.3 in Appendix C.3.3 shows the vehicle angular
displacements, and Figures C.4 through C.6 in Appendix C.3.4 show acceleration versus time
traces. Figure 5.10 summarizes pertinent information from the test.
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Figure 5.8. Test Vehicle after Test No. 612061-02-1A.

Figure 5.9. Interior of Test Vehicle after Test No. 612061-02-1A.

Table 5.2. Occupant Risk Factors for Test No. 612061-02-1A.

Occupant Risk Factor Value Time
Occupant Impact Velocity (OIV)
Long"l[iﬁ'e?g: ﬂi ]:52 at 0.1280 s on right side of interior
Occupant Ridedown Accelerations
Longitudinal |15.6 g 0.2228 — 0.2328 s
Lateral [5.99 0.1494 — 0.1594 s
Theoretical Head Impact Velocity (THIV) |9.7 m/s at 0.1354 s on right side of interior
Acceleration Severity Index (ASI) |1.1 0.2156 — 0.2656 s
Maximum 50-ms Moving Average
Longitudinal |-12.3 g 0.1885 - 0.2385 s
Lateral [-6.8¢g 0.0533 - 0.1033 s
Vertical 4.3 ¢ 0.1906 — 0.2406 s
Maximum Yaw, Pitch, and Roll Angles
Yaw [43° 1.8577 s
Pitch [27° 0.8183 s
Roll ]37° 1.5956 s
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Test Inertial.............ccoeeeeee. 5033 Ib Lateral........cooeeeeieennnnn. -6.8¢
Dummy........ooiiiiiieiiiiiinn. No dummy Vertical.........eeiiieeeinnn. 43¢
Gross StatiC...........cccvveee. 5033 Ib

Impact Conditions

WA
NI
s ¥ L
Post-Impact Trajectory
Stopping Distance.................... 17 ft downstream
Against rall
Vehicle Stability
Maximum Yaw Angle................ 43°
Maximum Pitch Angle............... 27°
Maximum Roll Angle................ 37°
Vehicle Snagging.........ccccccueee. Yes
Vehicle Pocketing..................... Yes
Test Article Deflections
DyNamiC.....ccoeeeeeeeieeeeeeeeeeeeeen 30.4 inches
Permanent........cccceeeeieiinennnn. 12.5 inches
Working Width .............cccoeeeees 70.1 inches
Height of Working Width........... 35.5 inches
Vehicle Damage
VDS i 01RFQ5
CDC.oiiieiiiee e 01FREW3
Max. Exterior Deformation........ 12.0 inches
OCDI..iiiiiiieeiiieeeee FR0010000
Max. Occupant Compartment
Deformation...........ccccceveeeennne 4.25 inches

Figure 5.10. Summary of Results for MASH Test 3-11 on Modified Merritt Parkway Guiderail.







5.3. MASH TEST 3-10 (CRASH TEST NO. 612061-03-1)

5.2.1. Test Designation and Actual Impact Conditions

MASH Test 3-10 involves a 1100C vehicle weighing 2420 Ib = 55 Ib impacting the CIP
of the longitudinal barrier at an impact speed of 62 mi/h £ 2.5 mi/h and an angle of 25 degrees £
1.5 degrees. The CIP for MASH Test 3-10 on the Modified Merritt Parkway Guiderail was 5.0 ft
+ 1 ftupstream of the centerline of post 9. Error! Reference source not found. and Figure 5.11
depict the target impact setup.

Figure 5.11. Modified Merritt Parkway Guiderail/Test Vehicle Geometrics for Test No.
612061-03-1.

The 1100C vehicle weighed 2421 Ib, and the actual impact speed and angle were
63.0 mi/h and 24.8 degrees. The actual impact point was 4.5 ft upstream of the centerline of post
9. Minimum target IS was 51 kip-ft, and actual IS was 57 Kip-ft.

5.2.2. Weather Conditions

The test was performed on the morning of October 2, 2020. Weather conditions at the
time of testing were as follows: wind speed: 7 mi/h; wind direction: 63 degrees (vehicle was
traveling at a heading of 195 degrees); temperature: 73°F; relative humidity: 45 percent.

5.2.3. Test Vehicle

Figure 5.12 shows the 2014 Nissan Versa used for the crash test. The vehicle’s test inertia
weight was 2421 Ib, and its gross static weight was 2586 Ib. The height to the lower edge of the
vehicle bumper was 7.0 inches, and the height to the upper edge of the bumper was 22.25 inches.
Table C.5in Appendix C.4.1 gives additional dimensions and information on the vehicle. The
vehicle was directed into the installation using a cable reverse tow and guidance system, and was
released to be freewheeling and unrestrained just prior to impact.
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Figure 5.12. Test Vehicle before Test No. 612061-03-1.

5.2.5. Test Description

Table 5.3 lists events that occurred during Test No. 612061-03-1. Figures C.7 and C.8 in
Appendix C.4.2 present sequential photographs during the test.

Table 5.3. Events during Test No. 612061-03-1.

Time (s) | Events

-0.015 [ Vehicle right front tire contacts curb

0.000 Vehicle contacts rail

0.024 Post 8 and 9 deflect toward field side

0.028 Vehicle begins to redirect

0.055 Post 10 deflects toward field side

0.217 Vehicle traveling parallel with rail

0.426 Vehicle loses contact with guardrail while traveling 34.3 mi/h, trajectory
of 9.2 degrees, and heading of 12.1 degrees

For longitudinal barriers, it is desirable for the vehicle to redirect and exit the barrier
within the exit box criteria (not less than 32.8 ft downstream from loss of contact for cars and
pickups). The test vehicle exited within the exit box criteria defined in MASH. After loss of
contact with the barrier, the vehicle came to rest 120 ft downstream of the point of impact and
36 ft toward traffic lanes.

5.2.5. Damage to Test Installation

Figure 5.13 through Figure 5.14 show the damage to the Modified Merritt Parkway
Guiderail. The soil was disturbed at posts 2, 3,5, 7, and 11. Post 8 had a 2%-inch gap in the soil
on the traffic side, and the post was leaning 3 degrees back from vertical. Post 9 had a 6-inch gap
on the traffic side, a 1%-inch gap on the field side, and was leaning 12 degrees back from
vertical. The upstream traffic side of post 9 had a slight deformation. Post 10 was leaning
16 degrees back from vertical and had a slight clockwise rotation. The blockout at post 10 was
split in half vertically. There was also gouging noted on the rail for the duration of contact.
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Working width™ was 34.4 inches, and height of working width was 24.0 inches. Maximum
dynamic deflection during the test was 16.1 inches. The maximum permanent deformation of the
installation was 11.25 inches.

Figure 5.13. Modified Merritt Parkway Guiderail after Test No. 612061-03-1.

“ 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,
workingwidth 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.

TR No. 612061-08-01 39 2024-02-06



Figure 5.14. Damage from Post 8 to Post 11 after Test No. 612061-03-1.

5.2.6. Damage to Test Vehicle

Figure 5.15 shows the damage sustained by the vehicle. The front bumper, hood, grill,
radiator and support, right front strut and tower, right front tire and rim, right control arm, right
front fender, right front floor pan, right front and rear doors, right rear quarter panel, and rear
bumper were damaged. The windshield sustained stress cracks radiating upward and inward
from the right lower corner. No fuel tank damage was observed. Maximum exterior crush to the
vehicle was 9.0 inches in the side plane at the right front corner at bumper height. Maximum
occupant compartment deformation was 3.0 inches in the right front kick panel. Figure 5.16
shows the interior of the vehicle. Tables C.6 and C.7 in Appendix C.4.1 provide exterior crush
and occupant compartment measurements.

5.2.7. Occupant Risk Factors

Data from the accelerometers were digitized for evaluation of occupant risk, and the
results are shown in Table 5.4. Figure C.8 in Appendix C.4.3 shows the vehicle angular
displacements, and Figures C.9 through C.11 in Appendix C.4.4 show acceleration versus time
traces. Figure 5.17 summarizes pertinent information from the test.
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Figure 5.16. Interior of Test Vehicle after Test No. 612061-03-1.

Table 5.4. Occupant Risk Factors for Test No. 612061-03-1.

Occupant Risk Factor Value Time
olv
Long"l[iﬁ'e?g: ggg ]:52 at 0.1054 s on right side of interior
Occupant Ridedown Accelerations
Longitudinal |13.8 g 0.1392 — 0.1492 s
Lateral |8.7 ¢ 0.1213 - 0.1313 s
THIV 9.7 m/s at 0.1021 s on right side of interior
ASI 1.3 0.0517 — 0.1017 s
Maximum 50-ms Moving Average
Longitudinal |99 ¢g 0.0389 — 0.0889 s
Lateral |[-10.2 g 0.0342 - 0.0842 s
Vertical 2.6 ¢ 0.0182 — 0.0682 s
Maximum Yaw, Pitch, and Roll Angles
Yaw [41° 0.8146 s
Pitch |6° 0.5203 s
Roll [9° 0.1758 s
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General Information
Test AQENCY ...ccevvneverinn,
Test Standard Test No........
TTITestNO. ..ovvveiieiieens
TestDate........covevvveeinennnnns
Test Article

Installation Length..............

Material or Key Elements....
Soil Type and Condition......
Test Vehicle

Type/Designation...............
Make and Model................

Texas A&M Transportation Institute (TTI)
MASH Test 3-10

612061-03-1

2020-10-02

Longitudinal Barrie—Guardrail

Modified Merritt Parkway Guiderail w/4-
inch Curb

166 ft

Metal back timber rail on steel posts and
timber blockouts

AASHTO M147-65, grading B Saoil
(crushed limestone)

1100C

2014 Nissan Versa
2444 b

2421 Ib

165 b

2586 Ib

Impact Conditions

Speed....ooiiiiiieiii 63.0 mi/h
Angle.....ccooeeeeenn. ...24.8°
Location/Orientation........... 4.5 ft upstream of
post 9
Impact Severity ................... 57 kip-ft
Exit Conditions
Speed......ooooiiiiiiii 34.3 mi/h

Trajectory/Heading Angle...9.2°/12.1°
Occupant Risk Values

Longitudinal OIV ................ 24.0 ft/s

Lateral OIV.......cccoovvvveeenn. 23.0 ft/s

Longitudinal Ridedown....... 13.8 ¢

Lateral Ridedown.. .

ASL.iiiiiii, 1.3

Max. 0.050-s Average
Longitudinal.................... -99g¢g
Lateral............ ...=10.2 g
Vertical.........ooovvviiiinneees 26¢g

Post-Impact Trajectory
Stopping Distance.................... 120 ft downstream
36 fttwd traffic lanes
Vehicle Stability

Maximum Yaw Angle................ 41°
Maximum Pitch Angle............... 6°
Maximum Roll Angle................ 9°
Vehicle Snagging.........ccccccueee. No
Vehicle Pocketing..................... No
Test Article Deflections
DyNamiC.....ccoeeeeeeeieeeeeeeeeeeeeen 16.1 inches
Permanent...........c.coeee. .... 11.25 inches
Working Width .... 34.4 inches
Height of Working Width........... 24.0 inches
Vehicle Damage
VDS oo 01RFQ4
CDC.oiiieiiiee e 01FREW4
Max. Exterior Deformation........ 9.0 inches
OCDlciiiiiiiiiiieceeeeeee e RF0000010
Max. Occupant Compartment
Deformation............coeeeeeeeennn. 3.0 inches

Figure 5.17. Summary of Results for MASH Test 3-10 on Modified Merritt Parkway Guiderail with Curb.



Chapter 6. MERRITT PARKWAY GUIDERAIL TRANSITION

6.1. TEST ARTICLE DETAILS

6.1.1. Installation Details

The timber rail Transition Section that abutted a concrete parapet extended 21 ft-2 inches
upstream from the end of the parapet with four post spacings at 30 inches and two post spacings
at 60 inches. A terminal curb section extended from the parapet approximately 20 feet upstream.
It commenced 8 inches above grade, sloped downward, and terminated flush with grade just
downstream of post 23.

The remained of the installation was that of the Modified Merritt Parkway Guiderail with
Curb as utilized under tests 612061-02-1A (MASH 3-11) and -03-1 (MASH 3-10). To wit:

The installation was comprised of a timber single rail system supported by timber
blockouts attached to steel W6x15 by 78-inch long posts embedded 53% inches below grade.
The top of the rail was 30 inches above grade. For odd numbered posts (Nos. 3-23), the timber
rails were secured to blockouts and posts with a standard steel backup plate attached to the field
side of the timbers, which were in turn both attached to a splice plate attached to the posts and
blockouts. For even numbered posts (Nos. 4-22) the timber rail and steel backup plates were not
bolted to the posts and blockouts. A concrete parapet with an adjoining transition section was
constructed on the downstream end of the system, and a sloped and flared anchor section was
constructed on the upstream end. The total length of the system measured 166 ft-0 inches.

The parapet measured 16 ft long, 33 inches high above grade, and 12 inches wide at the
top, stepping to 10% inches wide at the base on the field side at 20 inches above grade. The
concrete parapet was anchored with U-bars to a 16-ft long, 56-inch wide, and 18-inch deep
concrete slab cast below grade.

The timber rail transition section extended 21 ft-2 inches upstream from the end of the
parapet with four post spacings at 30 inches and two post spacings at 60 inches. A terminal curb
section extended from the parapet approximately 20 feet upstream. It commenced 8 inches above
grade, sloped downward, and terminated flush with grade just downstream of post 23.

The LON measured 100 ft with eleven posts (Nos. 3-23) spaced on 5 ft centers. A 50-
foot long curb section (spanning from posts Nos. 7-17) was constructed with its face located 12
inches from the traffic side of the rail. The top of the curb was at grade as referenced to the rail
height. The bottom of the curb was 4 inches below grade at the roadway elevation. The 4-inch
tall, sloped-face curb was 5% inches wide at the bottom with a 12-inch deep by 31%-inch wide
base below grade.

The upstream anchor section measured 29 ft-% inch in length and flared 34% inches to the
field side while sloping down before terminating into an anchor block located below grade. The
concrete anchor block measured approximately 36x36 inches x 39 inches tall and was cast 59 %
inches deep into the surrounding soil.

Figure 4.1 presents the overall information on the Merritt Parkway Guiderail Transition,
and Figure 6.2 provides photographs of the installation. Appendix D.1 provides further details on
the Merritt Parkway Guiderail Transition. Drawings were provided by the Texas A&M
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Transportation Institute (TTI) Proving Ground, and construction was performed by Bryan
Construction and DMA Construction, Inc., and supervised by TTI Proving Ground personnel.

6.1.2. Design Modifications during Tests

No modification was made to the transition installation during the testing phase.

6.1.3. Material Specifications

The specified minimum compressive strengths of concrete were as follows:

Parapet and foundation — 3600 psi.

Parapet terminal transition curb — 3000 psi.
50 ft curb in LON — 4000 psi.

Anchor block — 3000 psi.

Concrete samples from the parapet foundation were broken on 2020-06-01. concrete
samples for the parapet, transition curb, and anchor block were broken on 2020-07-07. The
reconstructed 50 ft Curb samples were broken on 2020-09-02. The average compressive
strengths of the concrete were as follows:

Parapet foundation: 4893 psi at 32 days of age.

Parapet: 5573 psi at 46 days of age.

Parapet terminal transition c: 5573 psi at 46 days of age.
50 ft curb in LON: 5187 psi at 43 days of age.

Anchor block: 5573 psi at 46 days of age

Appendix B provides material certification documents for the materials used to
install/construct the Merritt Parkway Guiderail.

6.1.4. Soil Conditions

The test installation was installed in standard soil meeting grading B of AASHTO
standard specification M147-65(2004) “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
Transition using the same fill materials and installation procedures used in the test installation
and the standard dynamic test. Table D.1 in Appendix D.2 presents minimum soil strength
properties established through the dynamic testing performed in accordance with MASH
Appendix B.

As determined by the tests summarized in Appendix D.2, Table D.1, the minimum post
loads required for deflections at 5 inches, 10 inches, and 15 inches, measured at a height of
25 inches, are 3940 Ib, 5500 Ib, and 6540 Ib (90 percent of static load for the initial standard
installation).
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Figure 6.2. Merritt Parkway Guiderail Transition prior to Testing.

On the day of the Crash Test No. 612061-07-1, October 7, 2020, loads on the post at
deflections of 5 inches, 10 inches, and 15 inches were 9898 Ibf, 10,101 Ibf, and 10,404 Ibf. On
the day of the Crash Test No. 612061-06-1, October 12, 2020, loads on the post at deflections of
5 inches, 10 inches, and 15 inches were 7676 Ibf, 8434 Ibf, and 6540 Ibf. Table D.2 and
Table D.3 in Appendix D.2 show the strength of the backfill material in which the Merritt
Parkway Guiderail Transition was installed met minimum MASH requirements for soil strength.
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6.2. MASH TEST 3-20 (CRASH TEST NO. 612061-07-1)

6.2.1 Test Designation and Actual Impact Conditions

MASH Test 3-20 involves a 1100C vehicle weighing 2420 Ib £ 55 Ib impacting the CIP
of the longitudinal barrier transition at an impact speed of 62 mi/h £ 2.5 mi/h and an angle of
25 degrees + 1.5 degrees. The CIP for MASH Test 3-20 on the Merritt Parkway Guiderail
Transition was 4 ft + 1 ft upstream of edge of concrete parapet. Figure 2.3 and Figure 6.3 depict
the target impact setup.

Figure 6.3. Transition/Test Vehicle Geometrics for Test No. 612061-07-1.

The 1100C vehicle weighed 2420 Ib, and the actual impact speed and angle were
62.5 mi/h and 25.6 degrees. The actual impact point was 3.6 ft upstream of edge of concrete
parapet. Minimum target IS was 51 Kkip-ft, and actual IS was 59 kip-ft.

6.2.2 Weather Conditions

The test was performed on the afternoon of October 7, 2020. Weather conditions at the
time of testing were as follows: wind speed: 2 mi/h; wind direction: 44 degrees (vehicle was
traveling at a heading of 195 degrees); temperature: 85°F; relative humidity: 45 percent.

6.2.3 Test Vehicle

Figure 6.4 shows the 2014 Nissan Versa used for the crash test. The vehicle’s test inertia
weight was 2420 Ib, and its gross static weight was 2585 Ib. The height to the lower edge of the
vehicle bumper was 7.0 inches, and the height to the upper edge of the bumper was 22.25 inches.
Table D.1 in Appendix D.3.1 gives additional dimensions and information on the vehicle. The
vehicle was directed into the installation using a cable reverse tow and guidance system, and was
released to be freewheeling and unrestrained just prior to impact.
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Figure 6.4. Test Vehicle before Test No. 612061-07-1.

6.2.4 Test Description

Table 6.1 lists events that occurred during Test No. 612061-07-1. Figures D.1 and D.2 in
Appendix C.3.2 present sequential photographs during the test.

Table 6.1. Events during Test No. 612061-07-1.

Time (s) | Events

0.000 Vehicle impacts transition

0.031 Vehicle begins to redirect

0.210 Right left tire lifts off the ground

0.288 Vehicle travelling parallel to transition

0.310 Rear bumper contacts the parapet

0.444 Vehicle loses contact with transition while traveling at 41.1 mi/h,
trajectory of 3.9 degrees, and heading 4.3 degrees

For longitudinal barriers, it is desirable for the vehicle to redirect and exit the barrier
within the exit box criteria (not less than 32.8 ft downstream from loss of contact for cars and
pickups). The test vehicle exited within the exit box criteria defined in MASH. Brakes on the
vehicle were applied after the vehicle exited the test site, and the vehicle subsequently came to
rest 176 ft downstream of the point of impact and 95 ft toward traffic lanes.

6.2.5 Damage to Test Installation

Figure 6.5 shows the damage to the transition. There was a '-inch gap in the soil on the
field side of posts 28 and 29. The curb section at post 28 was pushed “2-inch back, and there was
spalling and exposed rebar on the concrete curb section at post 29. The rail at post 29 was
splintered and scuffed, and there was some cracking present on the concrete parapet. Working
width”™ was 19.9 inches, and height of working width was 33.0 inches. Maximum dynamic
deflection during the test was 1.5 inches, and no permanent deformation was observed.

“ 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,
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Figure 6.5. Transition after Test No. 612061-07-1.

6.2.6 Damage to Test Vehicle

Figure 6.6 shows the damage sustained by the vehicle. The front bumper, hood, radiator
and support, right front fender, right front strut and tower, right front control arm, right CV joint
and shaft, sway bar, tie rod end, right front tire and rim, right A-post, right front floor pan, right
front door and window glass, right rear door, right rear quarter panel, and rear bumper were

workingwidth 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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damaged. The roof was deformed over the right B-post, and the windshield was shattered due to
deformation in the right front A-post. No fuel tank damage was observed. Maximum exterior
crush to the vehicle was 12.0 inches in the side plane at the right front corner at bumper height.
Maximum occupant compartment deformation was 7.25 inchesin the kick panel area on the right
frontside. Figure 6.7 shows the interior of the vehicle. Tables D.2 and D.3 in Appendix D.3.1
provide exterior crush and occupant compartment measurements.

Figure 6.7. Interior of Test Vehicle after Test No. 612061-07-1.

6.2.7 Occupant Risk Factors

Data from the accelerometers were digitized for evaluation of occupant risk, and the
results are shown in Table 6.2. Figure D.3 in Appendix D.3.3 shows the vehicle angular
displacements, and Figures D.4 through D.6 in Appendix D.3.4 show acceleration versus time
traces. Figure 6.8 summarizes pertinent information from the test.
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Table 6.2. Occupant Risk Factors for Test No. 612061-07-1.

Occupant Risk Factor Value Time
olv
Longl'lt_ua%rsg: g?g ;52 at 0.0862 s on right side of interior
Occupant Ridedown Accelerations
Longitudinal |6.1g 0.0863 — 0.0963 s
Lateral [9.2g 0.0862 — 0.0962 s
THIV | 13.3m/s at 0.0843 s on right side of interior
ASlI 2.6 0.0556 — 0.1056 s
Maximum 50-ms Moving Average
Longitudinal |-16.1 g 0.0276 — 0.0776 s
Lateral |[-17.5¢g 0.0345 - 0.0845 s
Vertical |5.6 ¢ 0.0118 — 0.0618 s
Maximum Yaw, Pitch, and Roll Angles
Yaw |41° 1.8716 s
Pitch |8° 1.9835s
Roll |8° 1.3041 s

TR No. [Project-Test#] 52 2024-02-06



[#s91-108(01d] "ON H1

€9

90-¢0-¥¢0¢

0.000s 0.200 s
175 L 5
Heading Angle — 178 ! ¢ Taminal Backup Plat J—
Exit Angle F:ea.a‘ g - ; fx0 z z
' e —mnrl ; SR : S '
r_’* ii,,u#‘ %\__ T % \ Transition Terminal Rail - F‘\an\l\ew\ Transition Rail
Exit Angle Euxf ImnactF‘alh)\\“\\‘mpa‘:t Anale Washer. 1 Fat ) o8 27 26 25 24 23 PostNumbers 22
- Nut, 1" heavy hex - G
Elevation View °* - i J 7
g Terminal Curb Sec:;\ / ™ ot
e Typical Curb Section {x Q)J
General Information Impact Conditions Post-Impact Trajectory
Test AeNncy......ccceeeeeeeeeene Texas A&M Transportation Institute (TTI) Speed......ooooeiiiiiiii 62.5 mi'h Stopping Distance.................... 176 ft downstream
Test Standard Test No........ MASH Test 3-20 Angle ..o 25.6° 95 ft twd traffic lanes
TTI Test NO. .ccoevvvieeeee 612061-07-1 Location/Orientation........... 3.6 ft upstream of Vehicle Stability
Test Date.........coevvveiieeeeenns 2020-10-07 edge of concrete Maximum Yaw Angle................ 41°
Test Article Impact Severity ................... 59 kip-ft Maximum Pitch Angle............... 8°
TYPC.iiiiiiiiiiiieiiieeieeeeeeeeeees Longitudinal Barrier—Transition Exit Conditions Maximum Roll Angle................ 8°
Name ....cooeeeeeiieeeeeeeeeeeee Merritt Parkway Guiderail Transition Speed......ooooiiiiiiii 41.1 mi/h Vehicle Snagging.........ccccccuuee. No
Installation Length.............. 166 ft Trajectory/Heading Angle ...3.9°/4.3° Vehicle Pocketing..................... No
Material or Key Elements.... Metal back timber rail on steel posts and Occupant Risk Values Test Article Deflections
timber blockouts Longitudinal OIV ................ 28.9 ft/s DYyNamiC....cceeeeeeeeeeeeeeeeeeaeeeennn. 1.5 inches
Soil Type and Condition...... AASHTO M147-65, grading B Saoil Lateral OIV......ccoooeevvviiinnnnn. 31.5 ft/s Permanent..............ocooviiiiinnnes None
(crushed limestone) Longitudinal Ridedown........ 6.19g Working Width ............cccceeeeees 19.9 inches
Test Vehicle Lateral Ridedown............... 9.2¢g Height of Working Width........... 33.0 inches
Type/Designation............... 1100C THIV oo 13.3 m/s Vehicle Damage
Make and Model................ 2014 Nissan Versa ASleiiiiiieiiiie e 2.6 A S R 01RFQ5
Curb...ooooii 2414 b Max. 0.050-s Average CDC..oviiiieiiiiiiieeeeeeeeeeeeeeee 01FREWS5
Test Inertial.........ccccceeeeee 2420 b Longitudinal.................... -16.19g Max. Exterior Deformation........ 12.0 inches
DUMMY...ovviiiiiiiiiiiiiieeee 165 Ib Lateral......cccccoeeviiiinnnnnn. -175¢g OCDL..oiiiiiiiiiiiiiiiicee, RF1101020
Gross StatiC.........ueeieeeeeee 2585 Ib Vertical.........eeeiieninnn. 5649 Max. Occupant Compartment
Deformation.....................o... 7.25 inches

Figure 6.8. Summary of Results for MASH Test 3-20 on Merritt Parkway Guiderail Transition.






6.3. MASH TEST 3-21 (CRASH TEST NO. 612061-06-1)

6.3.1 Test Designation and Actual Impact Conditions

MASH Test 3-21 involves a 2270P vehicle weighing 5000 Ib = 110 Ib impacting the CIP
of the longitudinal barrier atan impact speed of 62 mi/h + 2.5 mi/h and an angle of 25 degrees
+ 1.5 degrees. The CIP for MASH Test 3-21 on the Merritt Parkway Guiderail Transition was
7 ft £ 1 ft upstream of the edge of the concrete parapet. Figure 2.4 and Figure 6.9 depict the
target impact setup.

Figure 6.9. Transition/Test Vehicle Geometrics for Test No. 612061-06-1.

The 2270P vehicle weighed 5006 Ib, and the actual impact speed and angle were
63.0 mi/h and 25.2 degrees. The actual impact point was 7.1 ft upstream of the edge of the
concrete parapet. Minimum target IS was 106 kip-ft, and actual 1S was 120 kip-ft.

6.3.2 Weather Conditions

The test was performed on the morning of October 12, 2020. Weather conditions at the
time of testing were as follows: wind speed: 8 mi/h; wind direction: 305 degrees (vehicle was
traveling at a heading of 195 degrees); temperature: 82°F; relative humidity: 77 percent.

6.3.3 Test Vehicle

Figure 6.10 shows the 2014 RAM 1500 pickup truck used for the crash test. The
vehicle’s test inertia weight was 5006 Ib, and its gross static weight was 5171 Ib. The height to
the lower edge of the vehicle bumper was 11.75 inches, and height to the upper edge of the
bumper was 27.0 inches. The height to the vehicle’s center of gravity was 28.0 inches.
Tables D.6 and D.7 in Appendix D.4.1 give additional dimensions and information on the
vehicle. The vehicle was directed into the installation using a cable reverse tow and guidance
system, and was released to be freewheeling and unrestrained just prior to impact.
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Figure 6.10. Test Vehicle before Test No. 612061-06-1.

6.3.4 Test Description

Table 6.3 lists events that occurred during Test No. 612061-06-1. Figures D.7 and D.8 in
Appendix D.2 present sequential photographs during the test.

Table 6.3. Events during Test No. 612061-06-1.

Time (s) | Events

0.000 Vehicle impacts transition

0.015 Vehicle begins to redirect

0.030 Left front tire contacts the rail and curb

0.119 Left rear tire leaves the ground

0.182 Left front tire leaves the ground

0.220 Vehicle traveling parallel with transition

0.360 Vehicle loses contact with transition while traveling at 42.1 mi/h,
trajectory of 5.5 degrees, and heading of 6.9 degrees

For longitudinal barriers, it is desirable for the vehicle to redirect and exit the barrier
within the exit box criteria (not less than 32.8 ft downstream from loss of contact for cars and
pickups). The test vehicle exited within the exit box criteria defined in MASH. Brakes on the
vehicle were applied at 4.25 s after impact. The vehicle subsequently came to rest 166 ft
downstream of the point of impact and 24 ft toward the field side.

6.3.5 Damage to Test Installation

Figure 6.11 and Figure 6.12 show the damage to the transition. There was no movement
noted from post 1 through post 25. The downstream rail at post 25 was lifted 7-inch up from
level. Post 26 had a ¥-inch gap in the soil on the field side, and it was leaning 1° toward the field
side from vertical. Post 27 also had a ¥s-inch gap on the field side, and it was leaning 1° toward
field side from vertical. Post 28 had a ¥2-inch gap on the field side, and was leaning 3° toward
the field side from vertical. Post 29 had a Y4-inch gap on the field side and was leaning 2° toward
the field side from vertical. The rail bolts at post 29 were deformed but remained attached to the
post. The curb between post 27 and 28 was pushed toward the field side %-inch and large
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portions of the curb were broken off and rebar exposed due to the right front tire becoming
lodged between the curb and rail at the upstream end of post 28. The bolts connecting the rail to
the concrete barrier were deformed and bent downstream. There was some cracking on the
barrier, and the rail was splintered, gouged, and had several large pieces broken off. There were
two large pieces lying on the roadway at impact measuring 46% inches and 41 inches. A piece of
34-inch long wooden rail came to rest 37 ft downstream and 36 ft toward traffic lanes. A
34%-inch long piece of rail came to rest 50 ft downstream and in-line with the rail. A 37%-inch
long piece of rail came to rest 60 ft downstream and 4 ft toward traffic lanes. Working width*
was 28.4 inches, and height of working width was 52.0 inches. Maximum dynamic deflection
during the test was 4.7 inches, and maximum permanent deformation was undeterminable.

Figure 6.11. Transition after Test No. 612061-06-1.

“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,
workingwidth 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 6.12. Field Side of Transition after Test No. 612061-06-1.

6.3.6 Damage to Test Vehicle

Figure 6.13 shows the damage sustained by the vehicle. The front bumper, hood, grill,
radiator and support, right framerail, right front upper and lower control arms, sway bar, right tie
rod, right front tire and rim, right front fender, right front floor pan, right front door and window
glass, right rear door, right rear cab corner, right rear exterior bed, and right rear tire and rim
were damaged. The windshield sustained stress cracks radiating upward along the lower right
edge of the frame. No fuel tank damage was observed. Maximum exterior crush to the vehicle
was 18.0 inches in the front plane at the right front corner at bumper height. Maximum occupant
compartment deformation was 6.5 inches in the right front kick panel area. Figure 6.14 shows the
interior of the vehicle. Tables D.8 and D.9 in Appendix D.4.1 provide exterior crush and
occupant compartment measurements.
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Figure 6.14. Interior of Test Vehicle after Test No. 612061-06-1.
6.3.7 Occupant Risk Factors

Data from the accelerometers were digitized for evaluation of occupant risk, and the
results are shown in Table 6.4. Figure D.9 in Appendix D.4.3 shows the vehicle angular
displacements, and Figures D.10 through D.12 in Appendix D.4.4 show acceleration versus time
traces. Figure 6.15 summarizes pertinent information from the test.
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Table 6.4. Occupant Risk Factors for Test No. 612061-06-1.

Occupant Risk Factor Value Time
Occupant Impact Velocity (OIV)
Longltf,[lg:g: ggg ;52 at 0.1123 s on right side of interior
Occupant Ridedown Accelerations
Longitudinal 9.8 g 0.2598 — 0.2698 s
Lateral [8.5¢ 0.1123 - 0.1223 s
Theoretical Head Impact Velocity (THIV) |10.8 m/s at 0.1092 s on right side of interior
Acceleration Severity Index (ASI) [1.4 0.0978 — 0.1478 s
Maximum 50-ms Moving Average
Longitudinal |—10.1 g 0.0186 — 0.0686 s
Lateral |[-10.0¢g 0.0596 — 0.1096 s
Vertical |4.19 0.2725 - 0.3225 s
Maximum Yaw, Pitch, and Roll Angles
Yaw |45° 0.9265 s
Pitch |10° 0.4281 s
Roll |21° 0.7154 s
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General Information

Impact Conditions

Impact Severity
Exit Conditions

Test AGENCY...ovvvvvvveeiiiiins Texas A&M Transportation Institute (TTI)
Test Standard Test No........ MASH Test 4-21
TTITEeStNO. ..ccevveeeeii, 612061-06-1
TestDate.........cceuveeevnnnenn. 2020-10-12
Test Article
TYPCiiiiiiiiiiiiiiiiieieeeeeeeeeees Longitudinal Barrier—Transition
Name

Installation Length.............. 166 ft

Material or Key Elements.... Metal back timber rail on steel posts and

timber blockouts

................................ Merritt Parkway Guiderail Transition

Soil Type and Condition...... AASHTO M147-65, grading B Soil

(crushed limestone)
Test Vehicle

Type/Designation............... 2270P

Make and Model................ 2014 RAM 1500 Pickup
CUMD e 5076 Ib

Test Inertial.............coevveeees 5006 Ib
DUMMY.....ccoovveiiieeeeeeeiinnnn, 165 Ib

Gross Static..............oeeeee. 5171 Ib

Location/Orientation........... 7.1 ft upstream of

edge of concrete

................... 120 kip-ft

............................... 42.1 mi/h
Trajectory/Heading Angle ...5.5°/6.9°
Occupant Risk Values
Longitudinal OIV ................ 25.3 ft/s
........................ 25.3 ft/s
Longitudinal Ridedown....... 98¢
Lateral Ridedown............... 85¢g
................................. 10.8 m/s
ASL.coiiin 1.4
Max. 0.050-s Average
.................... -10.1 g
............................ -10.0g9g
Vertical.........ceeiiieennnnne 4.1

Post-Impact Trajectory
Stopping Distance.................... 166 ft downstream

24 ft twd field side
Vehicle Stability

Maximum Yaw Angle................ 45°
Maximum Pitch Angle............... 10°
Maximum Roll Angle................ 21°
Vehicle Snagging..........cccccuee. No
Vehicle Pocketing..................... No
Test Article Deflections
DynamicC...........eeeieeeeieiiiiinaenns 4.7 inches
Permanent.............ccooviiienns Undeterminable
Working Width .........cccccccinnnne 28.4 inches
Height of Working Width........... 52.0 inches
Vehicle Damage
VDS .. 01 RFQ5
CDC.ooieeieeeee e 01FREWS5
Max. Exterior Deformation ........ 18.0 inches
OCDL..oiiiiiiiiiiiiiiiicee, RF0031330
Max. Occupant Compartment
Deformation................ccoeee. 6.5 inches

Figure 6.15. Summary of Results for MASH Test 4-21 on Merritt Parkway Guiderail Transition.
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Chapter 7. SUMMARY AND CONCLUSIONS

7.1. ASSESSMENT OF TEST RESULTS

7.1.1 Merritt Parkway Guiderail with 4-inch Curb

Two crash tests were performed on the Merritt Parkway Guiderail with 4-inch curb.
These tests were in accordance with MASH Tests 3-10 and 3-11 for longitudinal barriers.
Table 7.2 and Table 7.2 provide an assessment of each test based on the applicable safety
evaluation criteria for MASH TL-3 longitudinal barriers. The Merritt Parkway Guiderail with
4-inch curb performed acceptably for MASH Test 3-10. However, during MASH Test 3-11, the
longitudinal occupant ridedown acceleration exceeded the limit specified in MASH.

7.1.2 Modified Merritt Parkway Guiderail with 4-inch Curb

The Merritt Parkway Guiderail with 4-inch curb was modified by decreasing the post
spacingin the LON from 10 ftto 5 ft by adding extra posts that are not attached to the Guiderail
between each pair of posts that are bolted to the guiderail.

MASH Tests 3-10 and 3-11 were performed on the Modified Merritt Parkway Guiderail
with 4-inch curb. Table 7.3 and Table 7.4 provide an assessment of each test.

7.1.3 Merritt Parkway Guiderail Transition

Two crash tests were performed on the Merritt Parkway Guiderail Transition. These tests
were in accordance with MASH Tests 3-20 and 3-21 for transitions. Table 7.5 and Table 7.6
provide an assessment of each test based on the applicable safety evaluation criteria for MASH
TL-3 transitions.

7.2.  CONCLUSIONS

Table 7.7 shows that the Modified Merritt Parkway Guiderail with 4-inch curb met the
performance criteria for MASH TL-3 longitudinal barriers. Table 7.8 shows that the Merritt
Parkway Guiderail Transition met the performance criteria for MASH TL-3 transitions.
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Table 7.1. Performance Evaluation Summary for MASH Test 3-10 on Merritt Parkway Guiderail.

Test Agency: Texas A&M Transportation Institute

Test No.: 612061-03-1

Test Date: 2020-07-08

MASH Test 3-10 Evaluation Criteria Test Results Assessment
Structural Adequacy
A. Testarticle should contain and redirect the vehicle or | The Merritt Parkway Guiderail with 4-inch curb
bring the vehicle to a controlled stop; the vehicle contained and redirected the 1100C vehicle. The
should not penetrate, underride, or override the vehicle did not penetrate, underride, or override Pass
installation although controlled lateral deflection of | the installation. Maximum dynamic deflection
the test article is acceptable. during the test was 16.4 inches.
Occupant Risk
D. Detached elements, fragments, or other debris from | No detached elements, fragments, or other debris
the test article should not penetrate or show potential | were present to penetrate or show potential for
for penetrating the occupant compartment, or present | penetrating the occupant compartment, or present
an undue hazard to other traffic, pedestrians, or undue hazard to others in the area. Pass
personnel in a work zone.
Deformations of, or intrusions into, the occupant Maximum occupant compartment deformation
compartment should not exceed limits set forth in was 3.5 inches in the right front kick panel.
Section 5.2.2 and Appendix E of MASH.
F.  The vehicle should remain upright during and after | The 1100C vehicle remained upright during and
collision. The maximum roll and pitch angles are not | after the collision event. Maximum roll and pitch Pass
to exceed 75 degrees. angles were 7° and 6°.
H. Occupant impact velocities (OIV) should satisfy the Longitudinal OIV was 23.6 ft/s, and lateral OlV
following limits: Preferred value of 30 ft/s, or was 19.7 ft/s. Pass
maximum allowable value of 40 ft/s.
I.  The occupant ridedown accelerations should satisfy | Longitudinal occupant ridedown acceleration
the following limits: Preferred value of 15.0 g, or was 11.8 g, and lateral occupant ridedown Pass

maximum allowable value of 20.49 g.

acceleration was 10.7 g.
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Table 7.2. Performance Evaluation Summary for MASH Test 3-11 on Merritt Parkway Guiderail.

Test Agency: Texas A&M Transportation Institute

Test No.: 612061-02-1

Test Date: 2020-07-10

MASH Test 3-11 Evaluation Criteria Test Results Assessment
Structural Adequacy
A. Testarticle should contain and redirect the vehicle or | The Merritt Parkway Guiderail with 4-inch curb
bring the vehicle to a controlled stop; the vehicle contained and redirected the 2270P vehicle. The
should not penetrate, underride, or override the vehicle did not penetrate, underride, or override Pass
installation although controlled lateral deflection of | the installation. Maximum dynamic deflection
the test article is acceptable. during the test was 26.2 inches.
Occupant Risk
D. Detached elements, fragments, or other debris from | None of the fragments, or other debris from the
the test article should not penetrate or show potential | test article penetrated or showed potential for
for penetrating the occupant compartment, or present | penetrating the occupant compartment, or present
an undue hazard to other traffic, pedestrians, or undue hazard to others in the area. Pass
personnel in a work zone.
Deformations of, or intrusions into, the occupant Maximum occupant compartment deformation
compartment should not exceed limits set forth in was 2.0 inches in the right front firewall area.
Section 5.2.2 and Appendix E of MASH.
F.  The vehicle should remain upright during and after | The 2270P vehicle remained upright during and
collision. The maximum roll and pitch angles are not | after the collision event. Maximum roll and pitch Pass
to exceed 75 degrees. angles were 17° and 17°.
H. Occupant impact velocities (OIV) should satisfy the Longitudinal OIV was 19.4 ft/s, and lateral OIV
following limits: Preferred value of 30 ft/s, or was 14.4 ft/s. Pass
maximum allowable value of 40 ft/s.
I.  The occupant ridedown accelerations should satisfy | Longitudinal occupant ridedown acceleration
the following limits: Preferred value of 15.0 g, or was 25.5 g, and lateral occupant ridedown Fail

maximum allowable value of 20.49 g.

acceleration was 14.2 q.
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Table 7.3. Performance Evaluation Summary for MASH Test 3-10 on Modified Merritt Parkway Guiderail.

Test Agency: Texas A&M Transportation Institute

Test No.: 612061-03-1

Test Date: 2020-10-02

MASH Test 3-10 Evaluation Criteria Test Results Assessment
Structural Adequacy
A. Testarticle should contain and redirect the vehicle or | The Modified Merritt Parkway Guiderail with
bring the vehicle to a controlled stop; the vehicle 4-inch curb contained and redirected the 1100C
should not penetrate, underride, or override the vehicle. The vehicle did not penetrate, underride, Pass
installation although controlled lateral deflection of | or override the installation. Maximum dynamic
the test article is acceptable. deflection during the test was 16.1 inches.
Occupant Risk
D. Detached elements, fragments, or other debris from | No detached elements, fragments, or other debris
the test article should not penetrate or show potential | were present to penetrate or show potential for
for penetrating the occupant compartment, or present | penetrating the occupant compartment, or present
an undue hazard to other traffic, pedestrians, or undue hazard to others in the area. Pass
personnel in a work zone.
Deformations of, or intrusions into, the occupant Maximum occupant compartment deformation
compartment should not exceed limits set forth in was 3.0 inches in the right front kick panel.
Section 5.2.2 and Appendix E of MASH.
F.  The vehicle should remain upright during and after | The 1100C vehicle remained upright during and
collision. The maximum roll and pitch angles are not | after the collision event. Maximum roll and pitch Pass
to exceed 75 degrees. angles were 9° and 6°.
H. Occupant impact velocities (OIV) should satisfy the Longitudinal OIV was 24.0 ft/s, and lateral OIV
following limits: Preferred value of 30 ft/s, or was 23.0 ft/s. Pass
maximum allowable value of 40 ft/s.
I.  The occupant ridedown accelerations should satisfy | Longitudinal occupant ridedown acceleration
the following limits: Preferred value of 15.0 g, or was 13.8 g, and lateral occupant ridedown Pass

maximum allowable value of 20.49 g.

acceleration was 8.7 q.
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Table 7.4. Performance Evaluation Summary for MASH Test 3-11 on Modified Merritt Parkway Guiderail.

Test Agency: Texas A&M Transportation Institute

Test No.: 612061-02-1A

Test Date: 2020-09-02

MASH Test 3-11 Evaluation Criteria Test Results Assessment
Structural Adequacy
A. Testarticle should contain and redirect the vehicle or | The Modified Merritt Parkway Guiderail with
bring the vehicle to a controlled stop; the vehicle 4-inch curb contained and redirected the 2270P
should not penetrate, underride, or override the vehicle. The vehicle did not penetrate, underride, Pass
installation although controlled lateral deflection of | or override the installation. Maximum dynamic
the test article is acceptable. deflection during the test was 30.4 inches.
Occupant Risk
D. Detached elements, fragments, or other debris from | None of the fragments, or other debris from the
the test article should not penetrate or show potential | test article penetrated or showed potential for
for penetrating the occupant compartment, or present | penetrating the occupant compartment, or present
an undue hazard to other traffic, pedestrians, or undue hazard to others in the area. Pass
personnel in a work zone.
Deformations of, or intrusions into, the occupant Maximum occupant compartment deformation
compartment should not exceed limits set forth in was 4.25 inches in the right front firewall area.
Section 5.2.2 and Appendix E of MASH.
F.  The vehicle should remain upright during and after | The 2270P vehicle remained upright during and
collision. The maximum roll and pitch angles are not | after the collision event. Maximum roll and pitch Pass
to exceed 75 degrees. angles were 37° and 27°.
H. Occupant impact velocities (OIV) should satisfy the Longitudinal OIV was 27.9 ft/s, and lateral OIV
following limits: Preferred value of 30 ft/s, or was 14.4 ft/s. Pass
maximum allowable value of 40 ft/s.
I.  The occupant ridedown accelerations should satisfy | Longitudinal occupant ridedown acceleration
the following limits: Preferred value of 15.0 g, or was 15.6 g, and lateral occupant ridedown Pass

maximum allowable value of 20.49 g.

acceleration was 5.9 q.
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Table 7.5. Performance Evaluation Summary for MASH Test 3-10 on Merritt Parkway Guiderail Transition.

Test Agency: Texas A&M Transportation Institute

Test No.: 612061-07-1

Test Date: 2020-10-07

MASH Test 3-20 Evaluation Criteria Test Results Assessment
Structural Adequacy
A. Testarticle should contain and redirect the vehicle or | The Merritt Parkway Guiderail Transition
bring the vehicle to a controlled stop; the vehicle contained and redirected the 1100C vehicle. The
should not penetrate, underride, or override the vehicle did not penetrate, underride, or override Pass
installation although controlled lateral deflection of | the installation. Maximum dynamic deflection
the test article is acceptable. during the test was 1.5 inches.
Occupant Risk
D. Detached elements, fragments, or other debris from | No detached elements, fragments, or other debris
the test article should not penetrate or show potential | were present to penetrate or show potential for
for penetrating the occupant compartment, or present | penetrating the occupant compartment, or present
an undue hazard to other traffic, pedestrians, or undue hazard to others in the area. Pass
personnel in a work zone.
Deformations of, or intrusions into, the occupant Maximum occupant compartment deformation
compartment should not exceed limits set forth in was 7.25 inches in the kick panel area on the
Section 5.2.2 and Appendix E of MASH. right front side.
F.  The vehicle should remain upright during and after | The 1100C vehicle remained upright during and
collision. The maximum roll and pitch angles are not | after the collision event. Maximum roll and pitch Pass
to exceed 75 degrees. angles were 8° and 8°.
H. Occupant impact velocities (OIV) should satisfy the Longitudinal OIV was 28.9 ft/s, and lateral OIV
following limits: Preferred value of 30 ft/s, or was 31.5 ft/s. Pass
maximum allowable value of 40 ft/s.
I.  The occupant ridedown accelerations should satisfy | Longitudinal occupant ridedown acceleration
the following limits: Preferred value of 15.0 g, or was 6.1 g, and lateral occupant ridedown Pass

maximum allowable value of 20.49 g.

acceleration was 9.2 q.
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Table 7.6. Performance Evaluation Summary for MASH Test 3-21 on Merritt Parkway Guiderail Transition.

Test Agency: Texas A&M Transportation Institute

Test No.: 612061-06-1

Test Date: 2020-10-12

MASH Test 3-21 Evaluation Criteria Test Results Assessment
Structural Adequacy
A. Testarticle should contain and redirect the vehicle or | The Merritt Parkway Guiderail Transition
bring the vehicle to a controlled stop; the vehicle contained and redirected the 2270P vehicle. The
should not penetrate, underride, or override the vehicle did not penetrate, underride, or override Pass
installation although controlled lateral deflection of | the installation. Maximum dynamic deflection
the test article is acceptable. during the test was 4.7 inches.
Occupant Risk
D. Detached elements, fragments, or other debris from | No detached elements, fragments, or other debris
the test article should not penetrate or show potential | were present to penetrate or show potential for
for penetrating the occupant compartment, or present | penetrating the occupant compartment, or present
an undue hazard to other traffic, pedestrians, or undue hazard to others in the area. Pass
personnel in a work zone.
Deformations of, or intrusions into, the occupant Maximum occupant compartment deformation
compartment should not exceed limits set forth in was 6.5 inches in the right front kick panel area.
Section 5.2.2 and Appendix E of MASH.
F.  The vehicle should remain upright during and after | The 2270P vehicle remained upright during and
collision. The maximum roll and pitch angles are not | after the collision event. Maximum roll and pitch Pass
to exceed 75 degrees. angles were 21° and 10°.
H. Occupant impact velocities (OIV) should satisfy the Longitudinal OIV was 25.3 ft/s, and lateral OIVV
following limits: Preferred value of 30 ft/s, or was 25.3 ft/s. Pass
maximum allowable value of 40 ft/s.
I.  The occupant ridedown accelerations should satisfy | Longitudinal occupant ridedown acceleration
the following limits: Preferred value of 15.0 g, or was 9.8 g, and lateral occupant ridedown Pass

maximum allowable value of 20.49 g.

acceleration was 8.5 q.




Table 7.7. Assessment Summary for MASH TL-3 Tests
on Modified Merritt Parkway Guiderail.

Evaluation Evaluation Test No. Test No.
Factors Criteria 612061-03-1 612061-02-1A
Structural
Adequacy A S S
D S S
F
Occupant S S
Risk 4 S S
I S S
Test No. MASH Test3-10 | MASH Test 3-11
Pass/Fail Pass Pass

Note: S = Satisfactory; N/A = Not Applicable.

Table 7.8. Assessment Summary for MASH TL-3 Tests
on Merritt Parkway Guiderail Transition.

Evaluation Evaluation Test No. Test No.
Factors Criteria 612061-07-1 612061-06-1
Structural
Adequacy A S S
D S S
Occupant F S S
Risk H S s
I S S
Test No. MASH Test 3-20 | MASH Test 3-21
Pass/Fail Pass Pass

Note: S = Satisfactory; N/A = Not Applicable.
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APPENDIX A. MERRITT PARKWAY GUIDERAIL WITH NO CURB
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MNotes

1a. Drill ©24" holes for Posts. Backfill Post holes and around Anchor Block with AASHTO M147-85(2004), grade B crushed limestone road base,
compacted to MASH standard.

1h. Threads not shown on Bolts, Nuts, etc for clarity.
1c. Material:

Steel: All steelposts, back-up rails, splice plates and channel rubrails which are to be used as "Weathering Steel”, shallmeet the requirements of
ASTh ASBE. 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 AB. 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 38" 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 lumber grade Mo. 1 or better after treatment,

b) AASHTO M 16E;

c) Minimum stress rating of 1350 psi

d) Rough sawn (non-planed) or 345 (surface four side) Southern Yellow Pine or Douglas Fir- Larch with nominal dimensions as indicated on the
plans. Warnations in the size of any dimension shall not be maore than + 4"

e) Alltimber components shall be pressure treated with CCA or ACZA depending on species supplied conforming to AWWPA Standard PS5 to a
minimum net retention of 0.60b/cubic foot in the assay zone in accordance with AWPA Standard C14.

f) Alltimber components shall be fabricated {including but not necessarily limited to cutting, drilling, dapping and chamfering) priar to treatment.

g) Al timber components shallbe free of excess preservative and solvent at the conclusion of the treating process. Post treatment cleaning shallbe
by expansion bath or steaming in accordance with AWVWPA 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 A588 steel. All round head bolts shall be marke d with the manufacturers symbol and AS88.

b) Hex Lag Screws shallbe manufactured in accordance with ASTR A307 Grade A specifications. All Hex Lag Screws shall be hot-dipped
galvanized in accordance with ASTM A153 Class C.

c) Muts, and Washers shall be ASTM ASSS steel.

= Texas A&M Roadside Safety and
/. Transportation Physical Security Division -

A instiftite Praving G round
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Test Installation
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Section C-C
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4 sp. @ 30% 2 sp. @& 60"
10-0" 10-0"
Terminal Backup Plate

1l|i il

Transition Details

|
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—

Washer, 1" Flat
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Transition Terminal Rail Plan View Transition Rail
19 18 17 16 15 14 13 Post Mumbers
5 g

Mut, 1" heavy hex

R
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]
/J'J_ |

Terminal Curh Sectlun

Post

Typical Curb Section (x 9 B"

Mut, 288 hex
Washer, 5/8 Flat

Timber Elluckuut—\‘

G‘H | |

Rebar, @58" x 12"

Standard Backup Flate (Drill@7/3" holes)

én o

Lag Screw, 5/8 x4" Detail D
/_ Scale1:20
J Some components hidden for clarity
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g
1 Section
Scale 1:

Detail E

Scale 1:10 \
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Detail F
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= Curb Sections
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Mut, 172 hex coupling
z 1-1/2"

[ mm

P

13"

f
I
|
|
1
1
1
1
1
|
|
1

(L3

gt  frmjumnfomnie spomsamsfoms oo st

Rt e ettt et

“:—{
AN

Bolt, 172" % 2" hex

E

3000 psi Cnncretej

iy e

1-12" cwr

Typical Curb Section Typ 4 sides

' B2-144"

Febar,

-._____——1?"——————_.1
i ::g::::-_“:.—_:::::f—:::::::;:——:n
Terminal Curb Bar
e 24" -

T |
[ i} m
C-H====FF-=—=-=-----C--T-S-IoCH:
I

@38 w137 —1 !
l::::::::Ll:::::::::::::::::::.’-}_J

|-l723-1f2"4l-| 1 1-102" cr

Typ 3 sides

Terminal Curb Section
izee Typical Curb Section for all details not shown here)

’4721"4-1

Typical Curb Bar
A38" Rebar

Terminal Curb Bar
#38" Rebar

12"
' BH2-14" l

= Texas AsM Roadside Safety and
/‘ Transpartation Physical Security Divisian -
A Institute Froving Graund

Project #612061-02-1 and -031 Merritt Parkoweay 2020:07-10
Dirawm by GESWAWS | Scale 1:10 Sheat 4 of 12 Curb Sections

Grooreditation-1 7025-201 PEIR-000 Project Files 2061 -Pooled Fundderitt Parkvay-Chisra'Dratting, 612061 with curbe1 2061 wourb Drawing



T0-80-T90ZT9 'ON HL1

8L

90-¢0-¥¢0¢

Anchor Details
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Elevation View
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.
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Post and Rail Assemblies
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Table A.1. Summary of Strong Soil Test Results for Establishing Installation Procedure.

5 T“;E‘v'ﬁ&l?u?:f*%ﬂynamic e Post-Test
[
[
5 : tatic
= Post-Test Load Test
Photo of post
- =y
Percent Finer Vs. Grain Size of Fill Soil for Dynamic and Static Load Tests
100
a0
a0 N
l\ - OF IMPACT
\\\ zz E WEX16 STTEL POST
™~ 3
a0 5
= >" Dynamic e
" Test 72’% ?
0 Installation ﬁ S
‘ Grain $i11e. D (mm) b " Details ¥ J
Comparisoglozfsljit:;?‘ \P/]Z,igDrilsplacemem ] W6EX16
10000 ﬁ STEEL
9000 / WINCH OR » POST 32”
o HYDRAULIC 25
7000 CYLINDER =4
6000 ’ // —Bogie Data L — B — —
s 5000 ’ // —Dynamic 24 INCH L PR » 72
k] Post Load
§ 4000 // —Required DIAMETER \ o §
Dynamic a
3000 // —Static Pull GRANULAR \ e PR » »
ool /. FILL o -t 40 43
w0 | A Static Load B I
0 Test Installation i <
0 5 10 15 20 - |—
Displacement (inch) Detal IS
|7 1 £ TP PP PR 2008-11-05
Test Facility and Sit€ LOCALION........oieiiiiiiiii i eeceeee e e e e e e e e e e eaaannnns TTI Proving Ground, 3100 SH 47, Bryan, TX 77807
In Situ Soil Description (ASTM D2487 )......uiiieeieeeiiieie e eeeee e e e e e e e e e e aaaens Sandy gravel with silty fines
Fill Material Description (ASTM D2487) and sieve analysis ..........cccccoevvvviiiieeeeeiiiiiinneens AASHTO M147 Grade B Soil-Aggregate (see sieve analysis above)
Description of Fill Placement ProCEAUIE. ............oiiiiiiiiiiiiii e e e e e 6-inch lifts tamped with a pneumatic compactor
BOGIie WEIGHL. ... 5009 Ib
IMPACE VEIOCIEY. ..o 20.5 mph

v

S31LH43d0dd 110S
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Table A.2. Test Day Static Soil Strength Documentation for Test No. 612061-03-1.

Comparison of Static Load Test Results and Required Minimum:
Load versus Displacement at 25 inch Height

12000
10000
8000 -
:g 6000 -
4000 ~
2000
0 N
5 10 15
Displacement (inch)
OLead vs. Displacement from Static Load Test & Minimum Static Load
192 (< 2020-07-08 for Test No. 612061-03-1
Test Facility and Site Location .............c.uveeeeeeieeiiiiiieeeeeiennn, TTI Proving Ground — 3100 SH 47, Bryan, Tx
In Situ Soil Description (ASTM D2487).......cccouvuviiivieriinnnnnnnn. Sandy gravel with silty fines
Fill Material Description (ASTM D2487) and sieve analysis.. AASHTO M147 Grade B Soil-Aggregate
Description of Fill Placement Procedure..............ccccevvvvnn... 6-inch lifts tamped with a pneumatic compactor
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Table A.2. Test Day Static Soil Strength Documentation for Test No. 612061-02-1.

Comparison of Static Load Test Results and Required Minimum:
Load versus Displacement at 25 inch Height

12000
11,161
10000
8000
g 6000 -
4000 -
2000 -
o A
5 10 15
Displacement (inch)
@Load vs. Displacement from Static Load Test @ Minimum Static Load ‘
[ (R 2020-07-10 for Test No. 612061-02-1
Test Facility and Site Location ...............ceeveeeeeieeiiieieeeeeeinnnn TTI Proving Ground — 3100 SH 47, Bryan, Tx
In Situ Soil Description (ASTM D2487).......cccouvuviiivieriinnnnnnnn. Sandy gravel with silty fines
Fill Material Description (ASTM D2487) and sieve analysis.. AASHTO M147 Grade B Soil-Aggregate
Description of Fill Placement Procedure..............ccccevvvvnn... 6-inch lifts tamped with a pneumatic compactor







A3

MASH TEST 3-11 (CRASH TEST NO. 612061-02-1)

A.3.1. Vehicle Properties and Information

Table A.6. Vehicle Properties for Test No. 612061-02-1.

Dater 20201217 Tegtno.  B12061-02-1 VINNo.  1CBBRFTBES100464
Vear 2014 Make: RAM Model: 1500

Tire Size: 265/70 R 17 Tire Inflation Pressure: 35 psi
Tread Type: Highway Odorneter: 210267

Note any damage to the vehicle prior to test:

® Denotes accelerometer location.

NOTES: None
Engine Type: V-8
Engine CID: 57L

Transmission Type:

None

WHEEL

TRACK

1
T
z
-

TEST INERTIAL C. M.

Auto  or 0 Manual ~Q
FAVD 7] RWD _[] 4wD R—y
Optional Equi t i = f £ T
ptional Equipment: L = =
None vl I © 5
1 IV <3
Dummy Data: l 1) Q_L L }r :
Type: 50th percentile male T L ALS
Mass: 165 b t— F —t— H — -G le—D
Seat Position: Front passenger E
v M ¥ M
Geometry: inches c
A 78.50 F 40.00 K 20.00 P 3.00 U 26.75
B 74.00 G 28.50 L 30.00 Q 30.50 \% 30.25
c 227.50 H 61.75 M 68.50 R 18.00 W 61.75
D 44.00 | 11.75 N 68.00 S 13.00 X 79.00
E 140.50 J 27.00 O 48.00 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, G => 28 inches;, H = 63 +4 inches; 0=43 +4 inches, (M+N)/2=67 +1.5inches
GVWR Ratings: Mass: Ib Curb Test Inertial Gross Static
Front 3700 Méront 2859 2809 2894
Back 3900 Mrear 2103 2203 2283
Total 6700 MTotal 4962 5012 5177
{Allowable Range for TIM and GSM = 5000 b =110 Ib)
Mass Distribution:
b LF: 1396 RF: 1413 LR: 1132 RR: 1071
TR No.612061-08-01 91 2024-02-06



Table A.7. Measurements of Vehicle Vertical Center of Gravity for Test No. 612061-

02-1.
Date: 2020-12-17 Test No.: 612061-02-1 VIN: 1C66RFTEES100464
Year: 2014 Make: RAM Model: 1500
Body Style: Quad Cab Mileage: 210267
Engine: 5.7L V-8 Transmission: Automatic
Fuel Level: Empty Ballast: 170 (440 Ib max)
Tire Pressure: Front: 35 psi Rear: 35 psi Size: 265//0R 17
Measured Vehicle Weights: (Ib)
LF: 1396 RF: 1413 Fraont Axle: 2809
LR: 1132 RR: 1071 Rear Axle: 2203
Left: 2528 Right: 2484 Total: 5012
5000 +110 Ib allowed
Wheel Base:  140.50 inches  Track: F: 68.50 inches R: 68.00 inches
148 +12 inches allowed Track = (F+R)/2 = 67 +1.5 inches allowed
Center of Gravity, SAE J874 Suspension Method
X 61.76 inches Rear of Front Axle (63 4 inches allowed)
Y: -0.30 inches Left - Right + of Vehicle Centerline
Z: 2850 inches  Above Ground {minumum 28.0 inches allowed)
Hood Height: 45.00 inches Front Bumper Height: 27.00 inches
43 +4 inches allowed
Front Overhang: 40.00 inches Rear Bumper Height: 30.00 inches
39 +3 inches allowed
Overall Length: 227.50 inches
237 £13 inches allowed
TR No.612061-08-01 92 2024-02-06



Table A.8. Exterior Crush Measurements for Test No. 612061-02-1.

Date: 20201217 Test No.- 612061-02-1 VIN No. 1C66RFTBES100464

Year: 2014 Make: RAM Model: 1500

VEHICLE CRUSH MEASUREMENT SHEET!

Complete When Applicable
End Damage Side Damage

Undeformed end width Bowmng:B1 X1

Corner shift: Al B2 X2
A2

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

= 4 inches

Note: Measure Cy to Cg from Driver to Passenger Side in Front or Rear Impacts — Rear to Front in Side Impacts.

Direct Damage

Specific

Impact Plane* of Width** Max**+* Field < “ < s < o D
Number C-Measurements {CDC) Crush L**
1 Front plane at bmp ht 12 16 48 - - - - - - 10
2 Side plane at bmp ht 12 12 43 - - - - - - 68

Measurements recorded

inches or Dmm

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

*Tdentify the plane at which the C-measurements are taken (e.g., at bumper, above bumper, at sill, above sill, at
beltline, etc.) or label adjustments (e.g., free space).

Free space value is defined as the distance between the baseline and the original body contour taken at the individual
C locations. This may include the following: bumper lead, bumper taper, side protrusion, side taper, etc.
Record the value for each C-measurement and maximum crush.

#Measure and document on the vehicle diagram the beginning or end of the direct damage width and field L (e.g.,
side damage with respect to undamaged axle).

ekheasure and document on the vehicle diagram the location of the maximum crush.

Note: Use as many lines/columns as necessary to describe each damage profile.
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Table A.9. Occupant Compartment Measurements for Test No. 612061-02-1.

Date: 2020-12-17 Test No.- 612061-02-1 VIN No.: 1C66RFTBES100464
Year: 2014 Make: RAM Model: 1200
OCCUPANT COMPARTMENT
= =, / DEFORMATION IVIEASUREIVI-ENT
F 7 Before After Differ.
\ (inches)

i E2 | B3 E4 A1 65.00 65.00 0.00
. AD 63.00 63.00 0.00
i | RV 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 20.00 -6.00
D1 11.00 11.00 0.00
D2 0.00 0.00 0.00
[ D3 11.50 11.50 0.00
B E1 61.50 64.25 275
BLA | B3g E2 63.50 63.50 0.00
—El-4— E3 63.50 63.50 0.00
l E4 63 50 63.50 0.00
— U — 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 [ 37.90 36.50 -1.00
kickpanel to passenger's side kickpanel. e 5500 50.00 5.00
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A.4.2. Sequential Photographs

0.000s £

0.100s

0.200s =

Figure A.7. Sequential Photographs for Test No. 612061-02-1 (Overhead and Frontal Views).
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0.500s =

0.600s I

0.700s

Figure A.7. Sequential Photographs for Test No. 612061-02-1 (Overhead and Frontal Views)
(Continued).
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0.700 s
Figure A.8. Sequential Photographs for Test No. 612061-02-1 (Rear View).
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Angles (degrees)

60

50

40

30

20

10

Roll, Pitch, and Yaw Angles

Yaw

Axes are vehicle-fixed.
Sequence for determining
orientation:

1. Yaw.
2. Pitch.
3. Roll

1.0
Time (s)

1.5

2.0

Test Number:

Test Vehicle:

Gross Mass:

Impact Anale

Inertial Mass:

612061-02-1

Test Standard Test Number: MASH Test 3-11
Test Article: Merritt Parkway Guiderail with No Curb

2014 RAM 1500 Pickup
5012 Ib
5177 Ib

Impact Speed: 62.4 mi/h

1 24.3°

Figure A.9. Vehicle Angular Displacements for Test No. 612061-02-1.
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Longitudinal Acceleration (g)

X Acceleration at CG

10
S VAT S W4 W ot

v i
-10 U AW V v
-20 A u
-30
-40

0 0.5 1.0 1.5

Time (s)
——————————————— Time of OIV (0.1386 sec) —— SAE Class 60 Filter — 50-msec average

Figure A.10. Vehicle Longitudinal Accelerometer Trace for Test No. 612061-02-1
(Accelerometer Located at Center of Gravity).
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Lateral Acceleration (g)

Y Acceleration at CG

Figure A.11. Vehicle Lateral Accelerometer Trace for Test No. 612061-02-1
(Accelerometer Located at Center of Gravity).

5
I mrin P VLN pl e o ,[]JMAI k pet A Ny o™ >a,
G I W T — v K Vv AT y
W i
-10 I
-15
0] 0.5 1.0 1.5 2.0
Time (s)
"""""""" Time of OlV (0.1386 sec) — SAE Class 60 Filter — b50-msec average



T0-80-T90ZT9 'ON HL1

10T

90-¢0-¥¢0¢

Vertical Acceleration (g)

Z Acceleration at CG

15

10

07 VN <= 254, VI‘"
it [ AR

5 | v v
-10
-15

0] 0.5 1.0 1.5

Time (s)
—— SAE Class 60 Filter — 50-msec average

Figure A.12. Vehicle Vertical Accelerometer Trace for Test No. 612061-02-1
(Accelerometer Located at Center of Gravity).
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APPENDIX B. SUPPORTING CERTIFICATION DOCMENTS

OLYMPIC STEEL
5080 RICHMOND ROAD

BEDFORD HEIGHTS, OH 44146 USA
PHONE: 216-292-3800

METALLURGICAL TEST REPORT

>35>
Sold To: AMERICAN TIMBER AND STEEL

4832 PLANK RD.
NORWALK, OH 44857

Sales Order:

CERTIFICATE OF ANALYSIS AND TESTS

<

Ship To:  AMERICAN TIMBER AND STEEL
4832 PLANK RD.
NORWALK, OH 44857

614083 - 02 B/L No:

Reference:  FORRAI, HALLIE (11855) 2nd BAL:

983730 Release:
Cus Ord #:

Cus Name:

3
21885

AMERICAN TIMBER AND STEEL

Date: 20-May-2020

Hot Rolled Sheet ABC6/606
.375IN x 48IN x 117IN

Description of Material and Specification

TAG#:
27719332,27719330,27719331
27719336,27718337,27719338
HEAT#: 32016780/STEEL DYNAMICS, INC. - FLAT ROLLED
MC # 27699054

MS # 208528734

27719333,27719334,27719335,

Chem Elem Symbol / Elem Content Value:
<C:.05> <MN:.86> <P:.02> <S:.001> <S8l :

<CR: 43> <MO:.02> <N:.009> <TI: 001> <

45> <AL :.085> <V:.031> <CB:.002> <CU: 33> <NI: .16>
B:0> <CA:.002> <ZR:.0008> <PB: 0> <SN : 006>

YIELD STRENGTH MIN: 60800 PSI MAX 60800 PSI
TENSILE STRENGTH MIN: 7610C¢ PSI MAX 76100 PSI
ELONGATION 2¢ MIN: M4 % MAX 34 %

We hereby certify the above is comect as contained in the records of the corporation

USER: REPORTS @ SEMSPO1
REPORT: ST_MSR_OSI

TR No. 612061-08-01

Branch Caertification Manager

20-May-2020 4:44 AM
Page 2 of 2
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OLYMPIC STEEL
5080 RICHMOND ROAD

BEDFORD HEIGHTS, OH 44146 USA
PHONE: 216-292-3800

METALLURGICAL TEST REPORT

>>>>>> CERTIFICATE OF ANALYSIS AND TESTS  <<<<cs<

Sold To: AMERICAN TIMBER AND STEEL Ship To: AMERICAN TIMBER AND STEEL
4832 PLANK RD. 4832 PLANK RD.
NORWALK, OH 44857

NORWALK, OH 44857

Sales Order: 601477 - 02

B/L No: 962816 Release: 2 Date: 18-Feb-2020
Reference:  FORRAI, HALLIE (11855) 2nd B/L: CusOrd #: 21392
Cus Name: AMERICAN TIMBER AND STEEL
Description of Material and Specification

Hot Rolled Sheet A1018/A36 TAGi#:
L.375IN x 49IN x 117IN

27528647,27528648,27528649,27528646,27528650,27528651

HEAT#: 247973/NORTH STAR BLUESCOPE STEEL LLC
MC # 27494860
MS # 1895323

Chem Elem Symbol / Elam Content Valua:

<C:.2> <MN:.53> <P:.01> <8:.002> <SI:.08> <AL:.02> <V:.001> <CU:.12> <N}: .06> <CR:.07> <MO:
01> <N :.006> <TI:.001> <B:0> <CA:.001> <SN:0> <NB: 0>

YIELD STRENGTH MIN: 43600 PSI MAX 54000 PSI
TENSILE STRENGTH MIN: 74100 PSI MAX 75200 PsI
ELONGATION 2* MIN: 404 % MAX 42 %

We hereby certify the above is correct as contained in the records of the corporation

\

Branch Certification Manager
USER: REPORTS @ SEMSPO1
REPORT: ST_MSR_OSI|

18-Feb-2020 6:05 PM
Page 20f 2

TR No. 612061-08-01 104 2024-02-06



T0-80-T90ZT9 'ON HL1

GoT

90-¢0-¥¢0¢

American Timber and Steel Co.
4832 Plank Rd. P.O. Box 767
Norwalk, OH 44857

PHONE: 418-668-1610 FAX: 419-668-7535

Timber and Steel
MATERIAL TEST REPORT
Customer: Bryan Construction Company Customer P.O. 302-10
P.O. Box 4087 Shipped to: Bryan, TX
Bryan, TX 77805 Project #302 TTI Meritt Parkway
ATS Order No.: 263300
MILL SERIAL# / MATERIAL DATE OF
HEAT# LoT# QUANTITY PART DESCRIPTION TYPE MANUFACTURE
320167680 27719330 - 27719338 39 8" x 6" x 114" MP RAIL PLATE (CORTEN) - 4906114-3400 AB06 472812020
247973 27528646 - 27528651 2 /8" x 6" x 114" MP RAIL PLATE (HDG) - 4806114-3200 A1018/A36 472812020
B160675 / 5505477607 / B166884 / B160678 - 48 W6x15# - 6' 6* MP (2H) I-BEAM POST (CORTEN/HDG) - MPG0078-7901 A588 5/15/2020
A175660 / B175825 / B171455 - 2 Wéx15# - 6' 6" MP (2H) I-BEAM POST (HDG) - MP00078-7201 A992 6/15/2020
247973 27528646 - 27528651 2 /8" x 6" x 30" MP SPLICE PLATE (HDG) - 4906030-31MP A1018/A36 41282020
DL17105083 217962 24 5/8 x 7" CARRIAGE BOLT (CORTEN) DOM - 4958070-2400 A242 -
JK17100350 217961 4 5/8" x 7" CARRIAGE BOLT (HDG) DOM - 4958070-2201 F1554-36 -
198520 D7926 9% 5/8" FLAT WASHER (CORTEN) DOM - 4958001-8909 F436 -
0017266 - 4 5/8" FLAT WASHER (HDG) DOM - 4958000-6101 F844 -
DL14104775 4070908 96 5/8" HEX NUT (CORTEN) DOM - 4958110-8900 AWWAC111 -
62148230 P38707 R71433-01 4 /8" HEX NUT (HDG) DOM - 4958000-8101 AS63 -
10592090 / DL 18100861 86911 /107531 304 34" x 8-1/2" CARRIAGE BOLT (CORTEN) DOM - 4934080-9900 AWWA C111 -
100101783 32693 20 ¥4 x 8-1/2" CARRIAGE BOLT (HDG) DOM - 4934085-2101 A325 -
227567 / 198520 296127 / D7926 304 4" FLAT WASHER (CORTEN) DOM - 4934000-9900 F436 T3 -
9515612/9514538 / 21933130 P38393 R69206 / P39299 R73245 20 4" FLAT WASHER (HDG) DOM - 4934000-6101 F436-10 -
75068613 5/10/4088 304 3/4" HEX NUT (CORTEN) DOM - 4934100-9900 A563 -
75070667 / 62150514 / 75078628 P38836 R71968 / P38996 R72790 / P39289 R73494 20 34" HEX NUT (HDG) DOM - 4934000-8101 A563 -
481990 - 1 WT15x86.5% - 24" MP END ANCHOR T MOUNT (HDG) - MPWT150-9101 A992 5412020
32016780 27719330 - 27719338 37 3/8° x 6" x 30" MP SPLICE PLATE (CORTEN) - 4906030-34MP AB06 412812020
32016780 27719329 3 /8 x 6" x 162" MP LEADING END PLATE (CORTEN) - 4906162-3401 AB0B 512612020
DL18104710 92212 10 5/8" x 12" CARRIAGE BOLT (CORTEN) DOM - 4958120-2401 A242 -
DL17105083 217962 62 5/8" x 6" CARRIAGE BOLT (CORTEN) DOM - 4958060-2400 A242 512772020
10575680 32361 23 5/8" x 4" LAG BOLT (CORTEN) DOM - 4958040-9900 AWWA C111 -
DL18105063 32688 12 5/8” x 4" LAG BOLT (HDG) DOM - 4958040-3101 A325 -
All steol used in the manufactur is of Domestic Origin, “Mada and Malted inthe Unitsd States™
0 included for of of Mil Test Reports
STATE OF OHIO: COUNTY OF HURON
M E—r- = Sworn to and subscribed before me, a Notary Public,
5L/ Onthis [ M dayof _Jlaho  ,2020¢
Tristan Hildebrandt
Project Engineer R
American Timber and Steel Corp. ‘\‘e \ufl?? 4 o KRISTEN BAKER
Q\\ s NOTARY PUBLIC

.

STATE OF OHIO
Comm. Expires
June 6, 2023
Recorded in
Erie County

) A
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Printed: 67 1 1 [ 2019
& Mmm . CERTIFIED MILL TEST REPORT :
) Ship to: Customer # 00G469 Bl to: Produced: 07 /1512019
”"”-‘W""m The A588 & AS72 Steel Co THE A548 & A572 STEEL- PA
{260) 625-810D (260) 6258350 FAX 785 Arch Siroet 133 Sabego Lake Dive:
Guality Stea! 100% EAF Meited Camegie PA, 15106 US Sewickiey PA, 15143 US
and Manufactured in the USA Altn: Denise Yenss Athe:  Rick Guretusg
Recyded content: PC =75.0%, Pl = 228%
SO 9001:2015 and ABS Cortiffed
wiily BN 10204 3.1.
SHIPMENT DETAR S BOL 2 (DNAS57190 - 14400.00 bs
Grades”
Product  Wite Renge Bam ASTMAGIAGA - 17a Bundie /ASN# Length Cust PO | Job/Reference
Size WEX15 » ASTM ASBRIASBEM - 15 ASBRIASBAM griB T CSEIE  arT ngm e
W150X22.5 ATONATOM - 1761 AZD% gSMNIIASW QG107 wr 12 2
AASHTO MZTOMOAZIO - 15 N0 grI4 SISOV
Heat Number B160675 CSA G4021-13 SOA/350A
Condition(s) As-Roled
Fine
Sy . “SDIMULTI masis the: afasmmmmmmm
NoWeldRepal | o0l 7036, ContomE, Con
CHEMICAL ANALYSIS (weight pecent)
L_@_ P 8 Si Cu Ni Cr Mo Sn V NbhiCh A N B ~Ci C2 *C3 "PC "I Analysis Type
07 113 010 025 19 34 27 48 .04 020 032 003 002 0145 o0DO4 A1 438 32 1B 632 Heat
MECHANICAIL TESTING ummpmrmcmwmmnmam
Yield {fy) Tensiie (tu) Temp  Almurbed Enrgy BbFsS
Strength Strength fyifa % Song. | Test FiC 3 Minimum
_ - i/ M fy! fu T%MMMM_—
1 St130 821565 ] po 2
2 541370 7971545 & b 3
3 4
4 5
6
7
Hotes: 'y Maluses o 101, G2, €3, PC). COommun i ) {ASTM G107~ 26.0%Cub3. 50N+ 1. 200CTH1 AS(EINH 17 29(P) 7 ZHCH)NH AL INGIPHIDIO0]  Pom{AiE} = Ca. 810+ MVEHCURSHNH CoRH o SAR 1S
CE1 FN}-CARGHTIMONYS 1IN CHIS T (NVE}-CHpintEYRHTAAVYGHHONIS  CEICET) - C + (V) + (S34) + (CiS) ¢ (MNIE) +{Mntt) + (P34}
1esehy cextly that berel Kas been made & the applicable ABS CERTIFICATION
wilhy the requirem ents of Amevinam Buress of Shipging Rules with safistckry ey,
Signed;
thoretsy cerlly that the condent of #his repast sre accurate and comect. All kests ared Staie of Indiana County of Whitley Swom subscribed bafore
opersions perfosmed by this metersl nwrafactiwer sw in complance with the e me
mecuiramants of the materisl spocificalions and applicatie purchaser designated requinements. this day of
Signed: TOdd BasthI'd 'm\g“fg Signed: My commission expires:
remFotDaEgarme WAy Hanager - N::VPHW -
ASTH A~ 14.5. A signalurc s nol required on the wmnmummﬁ oranization submiting tha report,
Nobwithatending the %q-@mummumuwuumﬁmm Puge 4 of 5




T0-80-T90ZT9 'ON HL1

L0T

90-¢0-¥¢0¢

CERTITED MATERIAL TEST REPORT Pape 1/
CUSTOMER. SHIY TO CUSTOMER BITLTG GRADE SHAPE / SIZE DOCUMENT ID:
GERDAU ASSE & AST2STEELCOMPANY  ASS8.4& AST2 STEEL COMPANY A B [P Flange Bims. / 60 I3 1503 0008200904
& ARCH ST 133 SEBAGO LAKE DR -
CARMEGIE,PA 15105-2040 SEWICELEY,PA 15143-9374 LENGTH FCS WEIGHT HEAT / BATCH
US-ML-CARTERSVILLE Usa UsA 4000" 5 45,000LB SEORITIN0T
Cmmomms‘msnz ALE ROAD NE SATES ORDER MATERIALN SPECTFICATION DATE or REVISION
CUSTOMER ! ar
USA GA 3001 6931811000010 48.80 W GRADE EXTRA ASTM ASBS-15
ASTM A6-17
CUSTOMER PURCHASE. ORDER NUMBER BILL OF LADING DATE ASTM AT
21809 1323-0000122232 1072972018
[ § % g :
017 033 0.018 002 034 031 011 0.56 0.027 0.010 0.026 0,000
Yy e e £% Bpe
64500 92100 48 635 £.000 1380
65300 90200 450 622 B.000 1890
COMMENTS { NOTES
Tha shove fignres are certified chemical and physical d imed in tha Teconds of We ceriify that these data are cogrect and in comphiznce with
spacified requi This material, inclnding the billets, was relted ared msufacmred in the USA. GMTR. coplies with EN 10204 3.1,
/(4_‘ o BEATKAR YALAMANCHLY TANTANG
QUALITY INRECIOR. QUALITY ASSURANCE BGE.

Phone: (409} 267-1071 Eauadl; Bhaskar. Y alomanchiligigendan com

Phone: (7A) 3875712 Email yarwangidpecdac.com
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cg)maww,m CERTIFIED MILL TEST REPORT Printed: 40 /22 1 2019
Loag Prodicts rng Ship to: Cusiomer # 000469 Bllt: Produced: 10118 12013

2001 5. Cotely Road 700 Ewst The ASBB & AST2 Steef Co THE AS5B8 & A572 STEEL- PA

Columbia Cily, indizna 40725 785 Arch Street 133 Sebaga Lake Dive

200) 25-3100 (200) £25-0950 FAK Camegie PA, 15108 US Sewfciiey PA, 159143 US

Quality Steet 100% EAF Metied snd Mansfactered in the ISA At Denlee Yenssei Al Rick Guezturg

CMIR compiias with EX 30264 3.1,
SECIEICATIONS | s SHPMENTDETALS =~ DOL#0I005687SS- 200000 ke
ABAEM
Product  wits Flange Beam ASTM =Ty Bundie | ASN # Cust PO | Job/Reference
Stm WEKIS o ASTMASSBIASTEMS. 15 reT— Aumdio | ASNA. L:;t%ﬁt BeS
WIS0X22 5 mgamam - ﬁm DGHaI01e wr ©
Heat Number B1656884 cs:mmmuu:.mﬁn- m"am'ﬁ"“ DeM3H1E oy 2 2
Condition{s) AsFoled ) BN v 12 2
Fine Grained
Fully Killed )
NoWekd Repair | STHMALTI mucseks e reqpairerscats of ASTM ADGZ, AGT2 G0 ASZ-KL AZODSD. 127050, A28,
CHEMICAL ANALYS)S twoigh poroont)
g_"MnPSSiCuNI_CrMoSnVNb.*ChAI N B"C1'02‘f§3*PC‘I§_I_!_ﬂ!¥mTwe
TO6 145 D9 0B A9 38 TET AT o4 OiE 635 Tpad 003 6119 D003 46 434 32 48 647 Heat
GHARPY MPACT TESTS {avatable only when spacifiad ai ma of order)
Yield &) Tensile (k) Temp Mﬁed&nm L2 PR
Strength Strength fydfa %Bong. | Vest Fie 1 Spadmen2
Tt i Py D0 grggm | et AL Spodman 2
1 52360 817580 = o7 2
2 55/ 380 807550 ] 4 3
3 4
4 3
3
_ 7
Notea: nmwm.qcammmammﬁwlmwmrwwm POmANS] = CHEVIIAVRZOHCIT I RO MM SIRHED
wmamwmmmmw CEITET) = C  fnki) + {354)4 (CO) & (GE) 480t} + (V1T4)
I " PyT—— - R T AT g “hmm Am’
e e s peeesey . BS CERTIFICATION
wilh e rees s of Az Burea of SApping Rules with satistantory reslls.
Signed:
! hareby sertify Shaf the coutont of this report ans ccurale nc conect. All tests acd State of . ¥ cribed
opefstions perfarmad by this material menufaciuer are in compliance with the Indiana CwnlyofWMleyMnbandsubs batore: me
requirements of the meterisl specificalions anc applicalle purchassr designated caguirements. this day of
ﬁ_..ﬁw;_n_-.%%‘f"m Aotary Public
- 14.6: A signature is nol requined uummwmm clearly ideniily the oipenizalion SUDMITIRG Lhe feporL
Notwithabanding the mm-hmmmum i reaponaile for the eontent of the fegort Page3of3
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&)mmm CERTIFIED MILL TEST REPORT Printed-08 120/ 2019
Lang Producs g Ship to: Customer # 000469 Bill to: Produced: 07 /1512019
2001 8. County Road 700 East The AS88 & AS72 Steal Co THE A588 & AST2 STEEL-PA
Cotwnbia City, Indian 40725 785 Arch Steed 133 Subago Lake Drive
{200) 0253100 (2010} 020-505 FAX Camegie PA, 15106 US Sewickiey PA, 15143 US
Quality Steel 100% EAF Meited and Manufactured in the USA Al Denise Yanmal Al Fick
conteat: PC = 75.0%, Pl = 220%
SO 90012015 and ABS Cerfified
CMTR compiies with EX 10204 3.1.
INFOR CATIONS SHIPMENT DETARLS BOL# 0000561265 - 7560.00 bs
ASTM ABIAGM
Product Wide Fisnge Beam iy Bundie /ASN# Le Cust PO | Job/Reference
Size WEX15 » ASTMASSBIASEEM - 15 ASSO/ASEEM grS ‘_"'—‘ﬁ;'_'_"""“" 'fé!?r!!“%
WIS0X225 ATDVATOSM - 171 ATD9 gSOWIgIASWY (54765 w2z
Heat Number B160678 AASHTO MZ7OMMZTO - 15 MZ70 gr34SWISINY
Condition{s) As-Rolied
Fine Gralnad
Fully Kifed
o Weld Repaic mmn_ummum:ammmmmm
CHEMI YSIS (weight percend)
€ Mn P S 8 Cu Ni Cr Mo Sn V NbiCb Al N B *C1 "C2 *C3 *PC _*| AnalysisType
a7 116 012 % 22 3 22 51 04 02 035 003 002 0145 0004 42 454 33 19 641 Heat
MECHANICAL TESTING CHARPY IMPACT TESTS (available onty when specified at #me of order)
Yield {iy) Tensie (fu) Temp  Absocbed Encrgy il d
Sirenglh Strength fyifa  %Bong | Test  F/C  Specimen1 Spetinn2  Specimend Menierum
Test ksl / MPa ksi § MPa rafio 8" gage) 1 T
| S07 M5 a375m 3| b 2
2 547370 7871545 £8 24 3
3 4
r &
[
7
Moges: £2,C3,PC), (% (AU GI0T}- 2LOKCRMI.OANGR 1 SNCTHH ASED 729(P)-7 20O 2. I0NIPHAISICH)  POMANS] — CoSTatVAIHENRIHHIE0 L1200l 1S D058
T8 P-CHUHOMRSHIHCIES B PAVE-CHMMSYSHCTVORISHIHOTS  CLHCET) C ¢ (M) ¢ (T2 () PO 4Lkak) . (14)
1 oexiify that P ] ™ ol
o e he - ABS CERTIFICATION
wille the requirements of American Buweot of Ehipping Rules with satntaciarny resaits.
Signed;

1 hereby cerfily that the content of this report ane accurate end conect. All esls and
opersfions pesformed by this malerial manytacturer are in comphiance with the
requiraments of the meterial apaciications and applicabls purchaser designated remirements.

Fom F-sM0-andsver s ‘Qualily Misnager

State of Indiana, County of Whitley Swom to and subscribed before me

this day of
s Todd Bashford TRABA | spee R
Notsry Public
ASTH A - u&nmhmm;:dmhumtm um.;n;:rnmﬁyhm dmmm Seqn 213
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Q)Mnyimcs,hm' CERTIFIED MILL TEST REPORT Printed: 03/ 17 / 2020
Long roduct Grap Ship to: Customer # 000097  Billl to: Produced: 03 /101 2020
2601 5. County Road 700 East Contractors Steel Co. Contractors Steel Co
Columbia City, Indiana 46725 48849 Schooner Dr. 36555 Amrhein Rd.
(260) 6258100 (260) 825-8050 FAX Trucks to enter from Livonia MI, 48150 US
Quality Steel 100% EAF Malted and Manufactured in the USABGIIBVIIIE M. 48111 US Altn: Cathy
Recycled content: PC = 75.0%, Pl = 22.0% + Mike M.
150 8001:2015 and ABS Certiffed
CMTR complies with EN 10204 3.1,
NERAL INFORMATION SPECIFICATIONS SHIPMENT DETAILS BOL # 0000588772 - 7425.00 Ibs
Standards Grades*
Product  wide Flange Beam ASTM AGIAGM - 19 Bundle /ASN # Length pcs Cust PO | JobiReference
Size W6X15 » ASTM AS92/A092M - 11 A992 / A992M 061208018 o i
wis0Xz2s osipisiiusingid idindo
- g
Hest Numbar A1 75623 AASHTO MZ7OMM270 - 15 M270 gra4Sigrso
Condition(s) As-Rollec CSAG40.21-13 SOWM/45WM
Fine Grained

Fully Killed

No Weld Repair “SDI-MULTI meets the requirements of ASTM A992, A572-50, A528-50, AT0B-50, M270-50, A3,
pal AT09-36, M270-38, CSAS00W, CSA345WM, CSAI5SOW.

CHEMICAL ANALYSIS (weight percent}
€ Mn P S S Cu N Cr Mo Sn V NbiCb Al N B *C1 *C2 *C3 *PC *| Analysis Type

06 105 015 029 23 36 .14 15 .04 014 022 <001 003 0134 0003 31 349 26 16 597 Heat
MECHANICAL TESTING CHARPY IMPACT TESTS (available only when specified at time of order)
Yield {fy} Tansile (fu) Temp  Absorbed Energy feibf /)
Strength Strength fyifu % Elong. | Test FIC D 1 Specimen2 imen3  Average Minimum
Test  ksi/MPa ksi / MPa ratio {8" gage} 1 ' : T
1 55/ 380 761525 72 29 2
2 511350 811560 83 28 3
3 4
5
4 8
7
Notes:

“Caleulated Chemistry Valuea: Carbon Equivaiants (C1, €2, €3, PC), Cofrodion index (1) (ASTM G101} 26.01(Cu}e L BB(Ni)+1.20{Cr)+1 49(Si}+17.29(F)- 7.20(Cu){Ni}D. 10(NI){P}-13.30{Cu7)  Pem(AWS) = CsSiI0MI2D+CLl20+ NI+ Cr2C+mal 15+VI 10458
CE (IIW)=C+M/B+{Cr+Mo+Vy5+{Nis Cul'18 CEZ (AWS]=C+{Mn+SiYB+(CreMo+ VYSHNisGul1S  CED(GET) = C + (MAVB) * (S24) + (Gr/5) + (NV40) +iMoid) + (¥4}

I hareby certify that the material described herein has baen made to the applicable

ABS CERTIFICATION
spacification by the electri¢ arc fumaca/continuous cast process and tested In sccordance
with th of Bureau of Shipping Rules with 'y results.
Signed:

I hereby certify that the content of this report are accurate and correct. Al tests and

State of Indiana, County of Whitley Sworn to and subscribad before me
operations performed by this material manufacturer are in compliance with the

fequiraments of the material specifications and applicable purchaser designated requirements. this day of
Signed: TOd d Bas th rd m‘ o/ Signed: My commission expires:
Form F-5100-002.054 rav 3 ‘Quality Manager - Notary Public
ASTM AG - 14.6: A signalura is not required on the test reporl: hawmr. the document shall clearly identify the organization submitting the repart.
Notwithstanding the ab ofa the submitting the report is responsible for the content of the raport Page 2of 5




&)mnmmm: CERTIFIED MILL TEST REPORT Pt 4107 2120
Long Produrcls Groty

! " Ship to: Customer# 00007 Billto: Prodiced: 931012020
rgiusal and Rad Division
2601 8. Counly Rosd 700 East Contractors Steel Co. Contractors Steel Co
Columbia City, Indiana 46725 8383 Boyle Parkway 236555 Amrheln Rd.
(260) 6258100 (260) 625-4950 FAX Tiinsburg OH, 44067 US Livonia M|, 48150 US
Quality Steel 100% EAF Melted and Manufactured in the USAAth: Travis Lance A Catny
Recyclad contant: PC = 68.0%, Pl =27.0%
150 $001:2015 and ABS Certified
CMTR complies with EN 10204 3.1.
GENERAL INFORMATION SPECIFICATIONS i SHIPMENT DETAILS BOL # 0000591887 - 930000 Ibs
Standards log*
Product Wida Fiangs Besn Aﬂ“ﬂﬁ:ﬁ:‘gﬁ ) J— Bundle (ASN# Length pes _CustPO | JobiReference
Size WEX15 ‘ASTMWZ!MTZM 'm o s TS B0 12 TWITIN
Wis0xz25 ASTM AT0Q/ATO0M .17e1 AT00 ﬂgms
. 15l
Host Number Tf;fj AASHTOMZTOMNZTO - 15 a0 o450
Condition(s)  AeRoled COAGHI2L-13 SEWMMEWM
Fine Grained
Fully Killed ASTMABBIAIEM - 19 A36/A36M
No Weld Repair “SDI-MULTI mests Ihe requirements of ASTM A992, AST2-50, A709-50, A529-50,
epen | A38 and AT09-36; AASHTO M270-50 and M270-38; CSA 300W, 345W and 250W.

CHEMICAL ANALYSIS (weight peroent}

C M P S S Cu Ni Cr Mo Sn V Nocb AL N B *C1 *C2 *C3 *PC
08 98 009 025 22 23 (09 08 .03 012 020 <001 002 .CO98 0003 29 327 2%

¥ Analysis Type

A5 50 Heat
MECHANICAL TESTING CHARPY IMPACT TESTS (available only when specified at ime of order)
Yield{]  Tensile (fu) Temp  Absorbed Energy  felbf/J
Swnglh - Stendh fylfe WEong. |Test  F/C Smecmen] Specinen? Specmend  Avemge M
Test kel MPe ksi/ MPa rafio  f6gage} | 4
1 531365 691475 ) 3 H
2 527360 691475 6 3 3
3 4
5
4 6
7

Notes:  Catuaied Cheriiery Valuas: Carbon Equivaents (G4, 62, C3, PC), Comesion ndex () (ASTM G101}= 26.01(C)+3.B00M}+ £ 20(C1}+1 AB(SI+17 2507} 7. 5(CuNN)SAOMNPL 036G PemipAWS) = Cosi Ntz 10958
CE1 (IW}=CHH/b CribloVISHNMCu)15 GE2 {AWS}=CoNnvSIYEH{CrMosVISHNIRCUYIS  CE3(CET} = € + (Wn) v (S124) # () + N6MO) #(Nokd) + [viva)

T haraby cartify that the material described herein has been mads to the applicable
spacification by the elecirlc arc fumacalcontinucus cast procass and tested In accordance
with the requirements of American Buzeau of Shipping Rules with satisfactory results.

Signed:

ABS CERTIFICATION

| hereby certiy that the content of this reporl are accurate and comect, Alllests and
operations performed by this malerial manufacturer are in compliance with the
fequirements of the malerial spaciications and applicable purchaser designated requiremants.

s TOdd Bashford 74

Form F-610000205¢ v QUaiTY Manager

State of Indiana, County of Whitley Sworm to and subscribed before me

this day of

Signed: My commission expires:
Notary Public

ASTM A6 - 14.8: A signature is not required on the tesl repori; however, the documant shall clearly identiy the organization submitting the report.
Nobwithstanding the absanca of a signature, the crganization submilting the reporLis responsible for the content of the report Page 50f §

TR No. 612061-08-01

111 2024-02-06
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&)Sfe&lﬂynmcs,hc‘ CERTIFIED MILL TEST REPORT

Printed: 01 / 08 / 2020

Procects Ship to: Customer # 000097  Bill to: Produced: 12/63 12019
26018, Counly Road 700 East Contractors Steel Co. Contractors Steel Co
Columbia City, Indiana 46725 8383 Boyla Parkway 36556 Amrhein Rd.
{280) 625-6100 (260} 6256950 FAX Tuinsburg OH. 44087 US Livonia MI, 48150 US
Quality Steel 100% EAF Melted and Manufactured In the USAALn: Travis Lance Afin: Cathy
Recycled contant: PC = 75.0%, Pl = 22.0%
150 9001:2015 and ABS Certiffed
CMTR compiies with EN 10204 3.1.
GENERAL INFORMATION SPECIFICATIONS SHIPMENT DETAILS BOL # 0000578378 - 5400.00 lbs
Standards Grades?
Product Wide Flange Beam ASTMASIASM - 19 Bundle/ASN# Length pcs  Cust PO | Job/Reference
Size WEX15 » ASTM A92/A982M - 11 £992 / AS92M 06115210 o =
2 Tw-132028
W1S0X22.5 ASTMAST2IAST2M - 18 A572 grs0igrads
: ASTM A709/ATOOM - 17a1 AT09 gr50igrads
Host N_‘f'“be' Ef; ‘tzj AASHTO M270MIM270 - 15 M270 gr3451gr50
Condition(s) Fine ‘émi o CSAG40.21-13 SOWMI45WM
Fully Killed ASTM A3G/A36M - 14 A36 /AEM
No Weld Repair *SOI-MULTI meels the requirements of ASTM AG32, A572-50, A529-50, AT09-50, M270-50, A3,
AT08-36, M270-36, CSA300W, CSAI45WM, CSAISOW.

CHEMICAL ANALYSIS (weight percent)
C Mn P S S Cu Ni C Mo Sn V NbiCb Al N B

07 104 008 018 22 37 12 4 04 014 022 002 002 .0120 .0004

*C1 *C2 *C3 *PC *l Analysis Type

32 353 27 .16 581 Heat

MECHANICAL TESTING

CHARPY IMPACT TESTS (available only when specified at time of order)
Yield (fy) Tensile {fu) Temp  Absorbed Energy ftibf £ J
Strangth Strangth fyitu  %Elong. | Test  F/C  Specimen1  Specimen2 3 Averag Minimum
Test  ksi/MPa kst/ MPa ratla {8 gage} 1 S o
1 567385 751515 s 28 2
2 59/405 761525 78 27 3
3 4
5
4 6
7
Motes: Y Values: Carbon

GET (I (”W)'C*"M’IGI’*MU'VW‘GNI'CMW-" GEZ [AWS}=C+{M+Sif6+ (Cre Mo+ VY5+{Ni+Cup15  CEX{CET) = C + (M8} + (SU24) + (CrfS) + (NIKO) »(Mol4) + {v/1d)

{C1,£2. €3, PC). Corrosion Index (B (ASTM G101} 26.01(Cuj+3.BE (NI 1,20(Cr)+1.48(S1)+17.28(P}-7.39(Cu)INiI-9. T0(NIXP} 33.39(Cu") =

I hersby certify that the matarial described herein has been made to the applicable ABS CERTIFICATION
specification by the slectric arc fumace/continuous cast process and tested In accordance
with the req! of Bi i Rules with ¥ resufts.

Signed:

| heraby certify that the content of this report are accurate and correct. Al lests and
opérations performed by this malerial manufacturer are m oompllance w-lh the

Stats of Indiana, County of Whitley Sworn to and subscribed before me

requirements of the material ifications and applicat d d req ants. this day of
Signed: TOd d B as h fo rd m / Signed: My commission expires:
Form F-8100.002054 ey 3 QUAHitY Manager ~ Notary Public
ASTM AG - 14 B A nignamre is not requlrad on the 1est report; however, the document shall claarly identify the arganization submitting tha repart.
g tha g the ion submitting the raport is responsible for the content of the report Page 4 of 7




Birmingham Fastener Man ufacturing

P.O. Box 10323
Birmingham, Alubama 35202
(205) 595-3512 Pglofi

Certificate of Compliance

Customer : AMERICAN TIMBER BFM # : 1500031
PO #: 16997 Date Shipped : 6/25/2018
Quantity Description Lot # Heat # Specification Finish
212 5/8"-11 x 7" Carriage Bolt 217961 | JK17100350 F1554-36 F2329
2,500 5/8"-11 x 7" Carriage Bolt 217962 | DL17105083 A242 Plain

Birmingham Fastener Manufacturing. hereby certifies that the material
Surnished in reference to the above purchase order number will meet or exceed
the above assigned specifications.

Signed: (557/[/&_-/ Date:  07/18/2018

Brian Hughes

TR No. 612061-08-01 113 2024-02-06
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NUCOR corpPoRATION 31572018 DARLINGTON 8¢ 25551
NUCOR $TEEL souTYy CAROLINA

£843) 383,55
Fax, (843) Ja5 70,

GHARS FASTENER & Supn .Y

Roll Darg: 3211 7:2017 W Date 1152017 Qty Shippay LGS: 46,832 Qiy Shipped Pes: 1,384 -
Meit Date- BM12047
i S s T o Mg
g5, 0914 ree Qs G 0 018%
Reil Data: 12f17:20497

1 55.000ps

Tausile 1 84 000ps

Srngation U m &% e 203
Yield 254 Uops Tensin 2 24,000y

githar IVL i NS 4 Y B

e

{THIB MATER A

DRUAL

RAYE NOT BEEN (<

MO THS RATERAL

S i e e o [ s i —
James M Biew
st 1
g tetshiurgn: Pagn ol
- :
C———

2024-02-06
114
TR No. 612061-08-01
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BIRMINGHAM FASTENER & SUPPLY
SOLD 155 50 1032

3
TO: BIRMINGHAM, AL 35202-0323

SHIP BIRMINGHAM FASTENER & SUPP
331 AVE W ENSLEY
TO: BIRMINGHAM, AL 35214-

NUCOR STEEL JACKSON, INC.

at www.nucorbar.com ar by contacting your inside sales repr

Materiat Safely Data Sheets are avai

Ship from:
MTR #; 0000075451

Nugor Steel Jackson, Inc.

3630 Fourth Street
Flowood, MS 39232
800-723-1623

Page: 1

CERTIFIED MILL TEST REPORT

Date: 30-Jun-2017
B.L. Number: 438623
Load Number: 158744

NBMG-08 Janvary | 2012

LOT# PHYSICAL TESTS CHEMICAL TESTS
HEAT # pEseRrTon PET J BEE I wNE I seno |WBE | S LG w | 7 | 2% |25 | o=
PO# => M 70160
JK1710035001 Nucor Steel - Jackson Inc 52,687 74,310 21.3% A5 77 .014 .037 .20 .29 31
JK17100350 9/116" {.5625) Round 363MPa 512MPa 17 23 042 016 002
40' F1554 Gri6 52,675 74,150 21.3%
ASTM F1554-15 Gr36 362MPa 511MPa
ROA% = 50
PO# => M 70160
JK1710035302 Nucor Steel - Jackson Inc 56,906 76,730 20.0% 16 82 021 .040 22 .29 .32
JK17100353 9/16" {.5625) Round 392MPa 529MPa 10 18 .025 018 002
40" F 1554 Gr36 54,424 75110 21.3%
ASTM F1554-15 Gr36 375MPa 518MPa
ROA% = 49
PO# => M 70180
JK1710232601  Nucor Steel - Jacksen Inc 65,743 77270 23.8% A7 .80 215 033 22 .39 .33
JK17102326 916" {.5625) Round 384MPa 533MPa 10 A1 024 016 001
40' F1554 Gr36 55542 77,550 238%
ASTM F1554-15 Gr3g 383MPa 535MPa
ROA% = 71
| Ferety coclify thal the malevial described harein has been manufaciured in accordance wih
Ihe speaificatians and standards hsted atowve and that 1 sansfies those regurertents. - -
31 ey e emraccr b mer ALY M M
il v o Dl s s oS o B ASSURANCE. __ Christopher Smiith




Prestige
Stamping,
LLC

23513 Groesbeck Highway

Warren, Michigan 48089
{586)773-2700 * Fax (586)773-2298
www.PreatigeStamping.com

PRODUCT CERTIFICATION
CERTIFICATION NUMBER

201110

THIS IS TO CERTIFY THE PRODUCT STATED BELOW WAS FABRICATED AND PROCESSED TO THE
ORDER AS INDICATED AND CONFORMS TO THE APPLICABLE SPECIFICATIONS AND STANDARDS.

Customer; BIRMINGHAM FASTENER & SUPPLY
HANCEVILLE DIST CENTER
1100 MAIN ST
HANCEVILLE, AL 35077
Customex Part: 5/8" TYPE 3 F436 Steel Supplier: STEEL TECHNOLOGIES LLC
Prestige Part: P1383CHOO Grade: SAE CF436 TYPE3 STEEL
Part Name: 5/8"F436 TYPE 3 Lot: D7926
Purchase Order: 6211422 Heat: 198520
Shipment BOL: B219698 Carbon: .39
Shipment ID: A0238117 Manganese: .79
Quantity: 24000 Phosphorous: .02
Manufacturers Marking: "p" Sulfur: .003
Silicon: .24
SPECIFICATIONS TEST RESULTS
HARDNESS: TEST METHOD: ASTM E18 HARDNESS :
HRC 38 - 45 HRC 43 - 44
CHECKED TO ASTM Fe06
USS/SAE LC Washers are manufactured to the requirements of ASTM F844 spacifications
Chemistry is as reported from raw material certification and does not fall undar Prestige Stamping’s accreditation.
This product was produced under an 1ATF 15694 Quality Assurance System,
IATF 16949 Certificatian No: 00334,
Material was melted and manufactured in the U.S.A. /
This product was manufactured In Warren, Michigan U.S.A.
This praduct conforms to all requirements for washars as produced according to 4.5.T.M, F-436-13.
sam;ing Plan per P.S.J W.I, # 5.4.18.015. " ' FR SCHUBERT
The tast results only apply to the itams testad. Qualify Assurance Manager
This test report mizst not be reproduced except in full without prior wiitten approval.
Materials usad 1o manufacture these products are mercury, asbastos and radio activity fres.
Product is RoHS compliant,
No weld rapairs made to material.
Al certified product is AlS compliant.
Econ Information System 07/12/19 15:50 DTRO PAGE 1 of 1
TR No. 612061-08-01 116 2024-02-06



DIUE

Wrought Washer Mfg., Inc.

2100 S. Bay St., Milwaukee, Wisconsin 53207
Phone: (414) 744-0771 Fax; (414) 744-4811

Processed for:

Prestige Stamping
23513 Groesbeck Hwy
Warren, M| 48089

The following coil was processed at Wrought Washer located in the USA on May 24, 2019 and
shipped to Prestige Stamping on June 10, 2019.

Coil #1: 14752
il Coil #; 2396526
Heat #: 198520
Gauge: 136
Mill coil weight: 42,5008
Chemistry:
C Mn P 5 Al Si Cu Ni

-39000 79000 02000 .00300 03000 24000 .26300 28600

Cr Mo v Nb/Cb Ti N Ca B Sn
A7500 .01800  .00500 00100 00200 00700  .00100  .000OO .01100

Signature
Quality Manager

TR No. 612061-08-01 117 2024-02-06
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VETRLLURSTCR, TESTING EERTIFICRTION
Nm%tle o 0075006
QSB?IS Elmli:% Certificate Number: 875755
Cravfe risville, Ty 2933-0607 Date Issued: 0571772012
Page: 1 of 1
Customer Name: RROUGHT WSHER HFG INC
Order Number 314919 - o1 HOT ROLLED PICKIED § RANNERLED :
Ocder Dinensicns: 0.1360 in X 51,0000 1o Costones Riless: 2100 5 Bay ST
HRPA, CUT, 1040 SEATHERTNG HMILERUKEE MI 53207
Release Order:
Cust PO Number: H3538
Coil Mumber HERD HERD
2396525. 000 L-Yield (ksi): 57,0 Rockuell B: 83
T ——— L-Temsile (ksi): 704
L-Elong (%): 30.0
Part Nunber
724148-240 TONS
teight: 12,720 LS
CHEMICAL ANALYSTS
Heat Slab M P S $i Cu Sn M Cr o Al N v Mo Ti B Sh
198520 O 0.3 0.790  0.020 0.003 0.240  0.263 (.01 0.286 QW75 0.018 0.030 0.007 0.005 0.001 0.002 ¢0.0005 0.00:
Coil Number HEAD HERD
2396526.000 L-Yield (ksi): 60,9 Rockwell B: 89
L-Tensile (ksi):  g7.2
L-Elong (%): 4.0
Part Musher
T24148-240 TONS

Height: 42,500 LBS

CHEMICAL ANALYSIS

Heat Slav ¢ tn P S 5i Cu Sn i Cr Mo Al N

Ti 8 Sb
198520 5 030 0.7% 0.020 0.003 0.2 0.263 0.011

v No
G286 CW5  0.018 0.030 0.007 0.005 0.001  0.002 ¢0.0005 0.001

EFEREB?CERTM“ERBOVEBEORREUFSWRMMTHEREMSOFHECWHUN
VELTED AYD ROLLED IN THE UsA
UF-0261 0/01/2019

1-860-777-095¢ HIR_IND_TNCUIRTESENUCDR. S04

g

NUCOR QUALTTY ASSURANCE



@HIGHWAY SAFETY CORP

P.0. BOX 358
GLASTONBURY, CT 06033

CERTIFICATE OF COMPLIANCE/ANALYSIS REPORT

SOLD TO: SHIP TO:

AMERICAN TIMBER AND STEEL AMERICAN TIMBER AND STEEL
4832 PLANK ROAD 4832 PLANK ROAD

PO BOX 809 Nerwalk,

Norwalk, OH, USA

INVOICE / 5.Q.: 0209688 7 0157621 REFERENCE:
CUSTOMER P.O.: 18524 DATE SHIPPED: 11/6/2018
Qry: ITEM NUMBER: cc: DESCRIPTION:
HEATILOT NO: YIELD: TENSILE: %ELONG: C: Mn: P: S: sk cl: Type ACW
58 BOLAGG062040 BOLAGG0S2040 BOLT LAG 0.626-11 x 04.000 GALV {5/8) AJ07
0017286
180 WAROG062-LA WAROG-082-LA WASHER ROUND 0,625 USS MG LARGE (8/8) Fé44 1-34 0D x 1
oo17286

ALL STEEL USED IN MANUPACTURING IS MADE AND MELTED IN THE USA, INCLUDING HARODWARE FASTENERS. AND COMPLIES WITH THE BUY
AMERICA ACT. ALL COATINGS PROCESSES ARE PERFORMED IN THE USA AND COMPLY WITH THE BUY AMERICA ACT. BOLTS COMPLY WITH
ASTMA30T SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTMA.153, UNLESS OTHERWISE STATED, NUTS COMPLY WITH
ASTMA.563 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTMA-153, UNLESS OTHERWISE STATED. WASHERS COMPLY WITH
ASTM F-438 AND/OR F-844 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANGCE WITH ASTMA-153, UNLESS OTHERWISE STATED. ALL
GUARDRAIL MEETS AASHTO M-180 AND ALL STRUCTURAL STEEL MEETS AASHTO M-270. ALL OTHER GALVANIZED MATERIAL CONFORMS WITH
ASTMA123. ALL OTHER ITEMS COMPLY WITH AASHTO M-111, M-185, M-133. M-265. ASTM AJ8, ASTMA-708. ASTMA-123, ASTM A505. AND
ASTMASEE SPECIFICATIONS IF APPLICABLE. COMPLIANCE WITH ALL SPECIFICATIONS OF DEPARTMENT OF PUBLIC WORKS, DEPARTMENT OF
HIGHWAYS AND TRANSPORTATICN, DIVISION OF ROADS AND BRIDGES AND STATE HIGHWAY ADMINISTRATION 1S5 MET IN ALL RESPECTS.

NOTARIZED URON REQUEST:
~~ STATE OF CONNECTICUT COUNTY OF HARTFORD /é”’ - W’/ - S - o _
SWORN AND SUBSCRIBED BEFORE ME THIS DAY OF 20

Manguur g falss

J. SATALINO
NOTARY PUBLIC
EXPIRES OCT. 31, 2021

Page 1- 0157621t

TR No. 612061-08-01 119 2024-02-06



Birmingham Fastener Manufacturing

P.0. Box 10323
Birmingham, Alabama 35202
(20%) 595-3512 Pglofl

Certificate of Compliance

Customer : AMERICAN TIMBER BFM# : 1682256

P.O. #: 21686 Date Shipped : 2/24/2020

Ttem |Quantity Description Lot # Heat # Specification Finish
1 3,000 5/8"-11 Heavy Hex Nut 407090B | DL14104775 AWWA CI111 Plain

Birmingham Fastener Manufacturing. hereby certifies that the material
furnished in reference to the above purchase order number will meet or exceed

the above assigned specifications.

Signed: % Date:  06/05/2020

Cody Calvert

TR No. 612061-08-01 120 2024-02-06



NuUuCOaR prfS
FASTENER DiViISION
CUSTONER NO/NAME

9320 BIRMINBWAM FASTEMER HFG NUCOR ORDER # 59465
TEST REPORT SERIAL# FB562877 CUST PART »
TEST REPORT ISSUE DATE G/1B/1B
DATE SHIPPED &/12/18 CUSTAKER P.D. & 6178316
NANE OF LAB SAMPLER: PATRICIA SHAFER, LAB TECHNICIAN
wRNFEnnN R wxun k¥ ¥xCERTIFIED WATERTAL TEST REPORTREM¥AANANARNXNENR
HUCOR PART ND QUANTITY LOT NO, DESCRIPTION
241060 65470 4070908 5/8-11 GR A242 HV HX WUT BLACK
MANUFACTURE DATE 4/10/18 HEX NUT BLACK
~=CHEHISTRY HMATERIAL SRADE -AZGZNF \
MATERIAL HEAT *¥CHEHISTRY COMPOSITION (WTX HEAT ANALYSIS} BY MATERIAL sU
NUMBER NUMBER c MN e 8 SI cu NI CR NUCOR STEEL - SOUTH CARCL
RMO30632 DL1G1D&77S .13 B4 . 005 »019 .18 .39 .28 .72

~-HECHANICAL PROPERTIES

SURFACE CORE PROOF LDAD TENSILE STRENSTH
HARDNESS HARDNESS F000 LBS DEG-WEDGE
CR30N) CRC) €L3S) STRESS (P81}
N7A Ns& PASS N/A N/A
N/& N/A PASS /A N/A
N/A N/A PASS N/A N/A
N/A N/A PASS N/ LELY
N/A N/A PASS N/A NA
AVERAGE VALUES FROM TESTS
PRODUCTIODN LOT SIZE §8000 PCS
--DIMENSIONS PER ASHME Blg.2.2-2010
CTHARACTERISTIC #SAWPLES TESTED HINIMUH HAXIHMUH
Width Across Cernaers B 1.177 1.183%
Thicknass 32 0.597 0.604

ALL TESTS ARE IN ACCORDANCE WITH THE LATEST REVISIONS OF THE METHODS PRESCRIBED IN THE APPLICABLE SAE AND ASTH
SFECIFICATIONS . HE SAHP%EENTESTED CONFORM TO THE SPECIFICATIONS AS DESCRIBED/LISTED ABOVE
FREE D

T
F HMERCURY CONTANINA -

THE STEEL WAS NELTED AND HANUFACTURED IN THE U.S.A, AND THE PRODUCT WAS MANUFACTURED AND TESTED IN THE U.S.A.
PRODUCT COMPLIES WITH DFARS 252.225-7014. WE CERTIFY THAT THIS DATA IS A TRUE REPRESEFTATION OF INFORMATION
PROVIDED BY THE MATERIAL SUPPLIER AND QUR TESTING LABORATORY. THIS CERTIFIED HATERIAL TEST REPORT RELATES DHLY

TO THE ITEMS LISTED ON YHIS DOCUMENT AND MAY NOT BE REPRODUCED EXCERT IN FULL.

MUCOR FASTENER
A DIVISION OF HUCOR C

HECHAHICAL FASTENER & :

CERTIFICATE NO. AZLA 015%.01 BOB HAYWDOOD
EXPIRATION DATE 12/31/19 QUALITY AsSU

Page L of 1
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Post Ctfice Box 6100
Saint Joe. Indiana 46785
Telephone 260/337-1800

AND WERE MANUFACTURED
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NUSCOR - Mili Certification MTRS: C1.364318
NUCOR CORPORATION 2119/2016 DARLINGTON, SC 20840
NUCOR STEEL SOUTH CAROLINA Fax: {5:3} 3058701

Sold Te: gg%%ii rmgfssn INDIANA SHip To! A
W {N48785-0000
Customer P.O.| 156060 Sales Order | 230317.1
Product Group | Special Bar Quality Part Number| 31001018000DMZB
' Grade | AZ42NF - ASTM A242-13 Lot# | DL1410477502
Size | 1-1/84" (1.0156) Round Coll Hest# | DL14104775
Product | 1-1/84" (1,0156) Round Coll A242NF B.L Number | C1-84938
Description | A242NF Load Number | C1-384318
Customar Spac | Customer Part# | C26010 '
1 haraky cartily that the maleris! described nansin has b In the sp W atonden listed above and thet i setiefies those

Roll Date: 2117/2016  Melt Date: 7/30/2014  Qiy Shipped LBS: 41,834  Qty Shipped Pcs: 10

NG COIL DELIVERIES VIA TRUCK DECEMBER 18TH - JANUARY 4TH
NO COIL DELIVERIES VIA RAIL DECEMBER 28TH - JANUARY 4TH

Malt Date: 7/30/2014

c Mn v 8i 8 P Cu Gr N Mo (=] CRNCMO "
0.13% 0.84% 0.0120% 0.18% 0.018% 0.005% 0.39% 0.72% 0.28% 0.020% 0.002% 1.410%

CRNCMO: Cr+ Nl + Cu+ Mo

Atmosphetic Corr Res Index: B8
Roll Date: 217/2016

Yield 1 62,000ps! Taensita 1: 74,000psi Elongation: 25% In 8%(% In 203.3mm}
Elongstion: 44% In 2"(% In £0.8mm) Yiald 2: 51,000ps! Tensfle 2: 74,000ps!

Elongation 25% in 8*(% In 203.3mm) Elongation: 43% in 2'(% [n 60.8mm) - test2

Speciiication Commants:

1, WELDING OR WELD REPAIR WAS NOT PERFORMED ON THIS MATERIAL

mﬁ%ﬁm&ﬁF&ﬂuﬁ ig‘OiJRT"!EG% TERIALS IN ANY FORM HAVE NOT BEEN USED IN THE PRODUCTION OF THIS

Chamistry Verification Checks
ractt_(2SO/D D033

Checked By Dats

Receiving OK: ﬂ 4 Z : ég—é ; fjé .
Cartifications OKi__3 2> -3~/ &

Jamas H. Blew
Division Metallurgist Page1 of 1

NBMG-10 January. 1, 2012
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CERTIFICATE OF COMPLIANCE
ROCKFORD BOLT & STEEL €O.
126 MILL STREET
ROCKFORD, IL 61101
815-968-0514 FAX# 815-968-3111
CUSTOMER NAME: AMERICAN TIMBER & STEEL
CUSTOMER PO: 21451
SHIPPER #: 068659
DATE SHIPPED: 04/17/2020

LOT#: P38707 R71433-01
UNYTITE LOT #: 30455-6214823003

SPECIFICATION: ASTM A563, GRADE DH HEAVY HEXAGONAL NUT

COATING: ASTM SPECIFICATION F-2329 HOT DIP GALVANIZE

UNIVERSAL GALVANIZING: 30455-6214823003

CHEMICAL COMPOSITION HARDNESS:
MILL GRADE HEAT# C Mn P s Si SPEC: 24-38
GERDAU 1045 62148230 43 70 007 028 .21 ACTUAL:  27.90

QUANTITY AND DESCRIPTION:

1,200  PCS 5/8" HEAVY HEX NUT
WE HEREBY CERTIFY THE ABOVE PARTS HAVE BEEN MANUFACTURED IN THE U.S.A. WITH DOMESTIC STEEL. WE FURTHER CERTIFY
THAT THIS DATA IS A TRUE REPRESENTATION OF INFGRMATION PROVIDED BY THE MATERIALS SUPPLIER, AND THAT OUR

PROGEDURES FOR THE CONTROL OF PRODUCT QUALITY ASSURE THAT ALL ITEMS FURNISHED ON THIS CRDER MEET OR EXCEED
ALL APPLICABLE TESTS, PROCESS, AND INSPECTION REQUIREMENTS PER ABOVE SPECIFICATION.

TR No. 612061-08-01 123 2024-02-06
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oo S . CESTOMER SHIP TO CUSTOMER BILL TO ’ GEADE _ SHAPE / SIZE
‘:‘;3 GERDAU UNYEITE INC LASALLE FLANT  UNYTITE C 10GIRIBI Rouod Bac £ T
. et 325 CIVIC ROAD 1 UNYTITE DR
. LA SALLE,IL 63301 PERULIL 613549710 LENGTH WEIGHT
US-ML-ST PAUL, usa USA 210" 9917 LB
1678 RED ROCK ROAD _ .
SATNT PAUL, MN 35119 SALES ORDER CUSTOMER MATERIAL N° SPECIFICATION I'DATE or
7321958000010 BIOASSCO.3750 A REVISION
USA ASTM AZS-IS
CUSTOMER PURCHASE ORDER NIMBER BILL OF LADING DATE ASTM ASTE-T?
POO§ISD 1332-0000058102 0322019
. ¥ g '
643 0.70 0.007 0.025 il.zlr ' 0.20 0.08 017 0.N.§ 0.024 0.022 0.001
METALURGICAL CHARACTERISTICS
. . FieGr E381 S . B8 R B3 C

HARDENABILIFY
DT A253

Inch
W3

COMMENTS ¢ NOTES

mtmolmlwdndrolledmdsum Manufacturing péocessos Sor s steel, which meay inchide scsap mefied n am clociric arc furmace
and hot rolling, have been performed i Géidaw St Panl Mill, 1678 Red Rock Road, Saing Pauf, Minmesom, USA. AR prodoct produced from strand
cast biiess.  Silicon filled (deoxidiad) sieel Mo weld ropoirmen performed. Sieel a¢ exposed W mescwsy or sty Squid alioy wivich is

Hguid s amblent duwring p g or while in Gerdau St, Pawl Mills posscsson.  Any modification 1o his cestifiostion o5
mu:mweem-s:.mmwmnm written cotisene of Gerdau 8t Paul Mill negmes the validity of dhis st ‘Tiis
mrlﬁﬂth:xmmﬁme:hwmnmufﬁuﬂn S Paul Mill. Gendsu MW
responsible for the inability of this material 20 meet specific applications,

mmmm»nmmmmnmfmsa

Quality Prograsy Manual Rev. 8, mmmmmm

z

The above figures are certified chemical and physical test records a5 coptained i h
compliance with specified requiremwents. This insterisd, incloding-the billels, was mebed and rhanufap

M‘\ﬂ.QI- unm!mumma

Phione: {405) J67-1075 Ennil: Bhiaskar. YalammochiG@gerda coin

i
a

Phosc: {651) 1313660 Entil. Ales Srandenbng@igendan com.




Birmingham, Alnbama 35202

Birmingham Fastener Manufacturing

P.O. Box 10323

(205) 595-3512 Pelofl
Certificate of Compliance
Customer : AMERICAN TIMBER BFM# : 1628407
P.O. #: 20512 Date Shipped : 9/30/2019
tem |Quantity Description Lot # Heat # Specification Finish
1 869 3/4"-10 x 8 1/2" Carriage Bolt 86911 10592090 AWWACIT Plain
o 10,545 5/8"-11 x 4" Hex Lag Screw 32361 10575880 AWWACI11 Plain

Birmingham Fastener Manufacturing. hereby certifies that the material
Sfurnished in reference to the above purchase order number will meet or exceed
the above assigned specifications.

oz

Brian Hughes

Signed:

TR No. 612061-08-01

125

Date:  11/04/2019
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CHARTER

STEEL

CHARTER
STEEL

A Dhvision of
Chrarter Manufaciuring Company., Inc,

EMAIL 1658 Cale Springs Road

Saukville, Wisconsin 53080
[262) 268-2400
1-800-437.8789

Fax |262) 268:2570

CHARTER STEEL TEST REPORT

Meited in USA Manufactured in USA

Birmingham

931 Avenue W
Birmingham,
Kind Attn :Blane Vines

Cust P.O. 6198448

Customer Part # 336513

Charter Sales Drder 50058866

Heat # 10592090

Ship Lot # 4575439

Fastener & Supply Grade A242 M SK FG 1Q 11/16 RNDCOIL
Process HRCC

AL-35234 Finish Size 11/16
Ship date 19-FEB-19

1 hereby certify that the material described herein has been manufactured in accordance with the specifications and standards listed below and that it satisfies
these requiraments. The recording of false, ficlitious and fraudulent stalements or entries on this document may be punishabte as a felony under federal slatute.

Lab Code: 7388

Test results of Heat Lot # 10592090

CHEM c MN P s St Ni CR MO cu SN \
%Wt 07 .55 017 013 .230 .36 72 .05 .28 .008 .003

AL N B Tl ' NB

026 .0070 0001 .00z .00z

Test resuilts of Rolling Lot # 1263788
# of Tests Min Value Max Value Maan Value

TENSILE (KSI) 1 62.9 62.9 629 TENSILE LAB = 0358-02
REDUCTION OF AREA (%) 1 78 78 78 RA LAB = 035802

REDUCTION RATIO=81:1

Specifications:

Additional Comments:

Manufactured per Charter Steel Quallty Manual Rev Date 05/12/17

Charter Steel certifies this product Is indistinguishabte from background radiatien levels by having process radlation
detectors in place to measura for the presence of radiation within our process & products
Meets customer specificati with any licable Charter Steel i for the
Custemer Document = BF A242 Revigion = Dated = 07-JUL-08

doct

cL

Melt Source:
Charter Steel
Saukvilte, WI, USA

Trip: 1341333

TR No. 612061-08-01

This MTR suparsedes all previously dated MTRs for this order

Janice Barnard Division Mgr. of Quality Assurance
barnard@chartersteel.com
Testing Laborstory Printed Date : 02/19/2019

Page 1 of 2

126 2024-02-06



The following statements are applicable to the material described on the front of this Test Report:

1. Except as noted, the steel supplied for this order was melted, rolled, and processed in the United States meeting DFARS
compliance, LEEDS compliance, REACH compliance, ROHS-WEEE compliance, and Conflict Materials Restrictions.

2. Mercury was not used during the manufacture of this product, nor was the steel contaminated with mercury during
processing.

3. Unless directed by the customer, there are no welds in any of the coils produced for this order.

4. The laboratory that generated the analytical or test results can be identified by the following key:

Certificate |[Lab
Number |Code |Laboratory Address
03568-01 |7388 |CSSM |Charter Steel Melting Division 1658 Cold Springs Read, Saukville, W! 53080
0358-02 8171 |CSSR/ |Charter Steel Rolling/ Processing Division |1658 Cold Springs Road, Saukville, W1 53080
CSSP
0358-03 |123633 |CSFP |Charter Steel Ohio Processing Division  |6255 US Highway 23, Rising Sun, OH 43457
0358-04 |125544 |CSCMY/ |Charter Steel Cleveland 4300 E. 49th St., Cuyahoga Heights, OH 44125-1004
CSCR
* ¥ - Subcontracted test performed by laboratory not in Charter Steel System

5. When run by a Charter Steel laboratory, the following tests were performed according to the latest revisions of the
specifications listed below, as noted in the Charter Steel Laboratory Quality Manual:

Test Specifications CSSR/ cscmy
CSSM CSsP CSFP CSCR
Chemistry Analysis ASTM E415; ASTM E1019 X X
Macroetch ASTM E381 X X
Hardenability (Jominy} ASTM A255; SAE J406; JIS GD561 X X
Grain Size ASTM E112 X X X X
Tensile Test ASTM E8; ASTM A370 X X X
Rockwellf Hardness ASTM E18; ASTM A370 X X X X
Microstructure (spheroidization) ASTM A892 X X
Inclusion Content (Methods A, E) |ASTM E45 X X
Decarburization ASTM E1077 X X X

Charter Steel has been accredited to perform all of the above tests by the American Assaciation for Laboratory Accreditation
{A2LA). These accreditations expire 01/31/21. All other test results associated with a Charter Steel laboratery that appear on
the front of this report, if any, were performed according to documented procedures developed by Charter Steel and are not
accredited by AZLA.

6. The test results on the front of this report are the true values measured on the sampies taken from the production lot. They
do not apply to any other sample.

. This test report cannot be reproduced or distributed except in full without the written permission of Charter Steel. The primary
customer whose name and address appear on the front of this form may reproduce this test report subject to the following
restrictions:

¢ It may be distributed only to their customers
« Both sides of all pages must be reproduced in full

8. This certification is glven subject to the terms and conditions of sale provided in Charter Steel's acknowledgement
(designated by our Sales Order number) to the customer's purchase order. Both order numbers appear on the front page of
this Report.

9. Where the customer has provided a specification, the results on the frant of this test report conform to that specification

uniess otherwise noted on this test report.

~

ACCREDITED!
Testing Laboratory

Page 2 of 2
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Birmingham Fastener Manufacturing

P.0. Box 10323
Birmingham, Alabama 35202
(205} 595-3512 Pglofl

Certificate of Compliance

Customer : AMERICAN TIMBER BFM# : 1628407

P.O. #: 20512 Date Shipped : 10/28/2019

Item |Quantity Description Lot # Hear # Specification Finish
1 9.131 3/4"-10 x 8 1/2" Carriage Bolt 107531 | DL18100861 AWWACILI Plain
2 3,000 3/4" Str Rd Washer 296127 227567 ASTM F436 T3 Plain
2 6,000 3/4" Str Rd Washer D7926 198520 ASTM F436 T3 Plain
3 7,000 3/4"-10 Heavy Hex Nut 799283 75068613 ASTM A563 DH Plain
4 4,300 5/8"-11 x 4" Hex Lag Screw 32361 10575880 AWWACI11 HDG

Birmingham Fastener Manufacturing. hereby certifies that the material
furnished in reference to the above purchase order number will meet or exceed
the above assigned specifications.

Signed: &_\ Date:  11/04/2019

Brian Hughes

TR No. 612061-08-01 128 2024-02-06
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NUCOR CORPORATION
NUCOR STEEL SOUTH CAROLINA

Sold To:  BIRMINGHAM FASTENER & SUPPLY
PO BOX

BIRMINGHAM, AL 35202-0323
205) 595-3511
ax: (205) 501-0244

ificati MTR #: C1-473652

Mill Certification WTRE: Slarsess
712512019 DARLINGTON, SC 29540
843) 393-5841

Fax: (843) 395-8701

Ship To: BIRMINGHAM FASTENER & SUPPLY

PO BOX 10323
BIRMINGHAM, AL 35202
205) 595-3511

ax: (205) 591-0244

Customer P.O.| 6207420 Sales Order | 310038.5
Product Group | Merchanl Bar Quatity Part Number | 30000680480DEQOD
Grade | A242BF - ASTM A242-03 Lot# | DL1810086102
Size | 680" Round Heat# | DL18100864
Product | .680" Round 40' A2428F B.L. Number | C1-791357
Description | A242BF Load Number | C1-473652
Customar Spac Customer Part #

1 hareby cariify that the matenal degcribad herein has bean manufacturad in accordance with Ihe specifications and slandards listad above and that il satlsties thosa requiremants.

Roll Date: 3/23/2019  Melt Date: 2/6/2018 Qty Shippad LBS: 14,831 Qty Shipped Pcs: 300

Melt Date: 2/6/2018

c Mn v Si
0.15% 0.86% 0.0120% 0.17%

P Cu Cr Ni Mo Ch
0.006% 031% 0.72% 0.25% 0.014% 0.004%

Roll Date: 3/23/2019

Yield 1: 53,000psi
Elongation: 35% in 2"(% in 50.8mm)
Elongation 24% in 8%(% in 203.3mm)

Tensile 1: 79,000psi
Yield 2: 53,000psi
Elongation: 38% in 27(% in 50.8mm) - test2

Elongation: 22% in 8*(% in 203.3mm)
Tensile 2: 81,000psi

Specification Comments:

NEMG-10 Octeber 1, 2017

TR No. 612061-08-01

Lo fle

James H. Blew
Division Metallurgist Paget of 3
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LOT# 32693

Batch Oty: 15213
Sample Oty: [}
Date of Manufacture:  02/04/2020

SPECIFICATION: ASTM A325 2014, Specification For Structural Bolts
Head markings: "A325f' and "01AE"
ASTM A153, Class C Hot Dip Galvanization

INSPECTION CERTIFICATE

ROCKFORD BOLT AND STEEL CO.

126 MILL STREET
ROCKFORD, IL 61101
815-968-0614 FAX: 815-968-3111

PAGE 1 OF 1
THIS REPORT CONTAINS DATA THAT WAS PRODUCED UNDER THE
FOLLOWING SUBCONTRACTORS:
“Raw Materia  KREHER STEEL - ISO 9001:2015 #88-11811-03
Not ISO 17025 Accreditated

CUSTOMER NAME: AMERICAN TIMBER & STEEL
4832 PLANK ROAD; P.O. BOX 767; NORWALK, OH 44857

CUSTOMER PO#: 21451 SHIPPER#: 068659
DESCRIPTION: 3/4"-11 x 8.5" Carriage Bolt DATE SHIPPED: 04/17/2020
QUANTITY: 14,886 PCS HEMICA M ITION MILL T
HEAT # 100101783
MECHANICAL PROPERTIES GRADE c Mn P s Si
) PROOF 1045 X100 X100 %1000  X1000 x100
TENSILE LOAD HARDNESS
SPEC. .48-.50 .80-.90 040 max 050 max 156-386
SPEC:  120000psi  85000psi 34 MAX -
ACTUAL .50 8 D1 018 .18
ACTUAL: 135,300 psi 86,100 psi 28.80
129,100 psi 85,100 psi 2883
132,800 psi 85,100 pst 29.55
128,000 psi 85,100 ps! 27.80 4/28/2020
124,100 psi  B5100psi  26.83 AP = DATE
126,300 psi 85,100 psi 2745
THESE PARTS CONFORM TO ABOVE SPECIFICATIONS, WE HERERY CERTIFY THE ABOVE BOLTS HAVE RO ¥ & STEEL ®
1N OUR FAGLITY IN ROCKFORD, ILLINOIS W/ITH MATERIAL WHIGH WAS MELTED AND MANUFACTURED
Tension Testing: N USA WE THAT THIS I8 A TRUE OF INF PROAWIDED N &[&
ASTM F808 BY THE MATERIALS SUPPLIER AND THAT GUR PROGEDURES FOR THE CONTROL OF PRODUCT
Proof Load Testing: QUALITY MEET OR EXCEED ALL APPLICABLE TEST, N TESTING
ASTM FEO8 PER THE ABOVE SPECIFIGATION. THIS REPORT MAY NOT BE REPRODUCED EXECEFT IN FULL, WITHOUT
Hardness Testing: THE WRITTEN APFROVAL DF ROCKFORD BOLT, THE REPORT MUST NOT BE USED BY THE CLENT TO NVLAP LAB CODE 200255-0
ASTM FE06 ou uer TION, BY NVLAP, MST, ORANY AGENCY

OF THE U.S. GOVERNMENT.

THIS INF 15 NOT CO!

ROCKFORD BOLT AND STEEL'S NVLAP ACCREDITATION.”




NUuCOR
Sold To:  KREHER STEEL CO LLC
1550 N 25TH AVE

MELROSE PARK, IL 60160 US

Mill Certification
12/31/2019

Ship To:

KREHER STEEL COLLC

1650 N 26TH AVE
MELROSE PARK, IL. 60160 US

MTR#.322914-1

Lot #,10010178321

2811 E NUCOR ROAD
PO BOX 309

NORFOLK, NE 68701 US
402-644-0200

Fax: 402-644-0328

Custormer PO | 1.58695 Salas Order # | 10023420 -2.2
Product Group | Hot Roll - Englneerad Bar- Product # | 1071853
Grade | 1045CA4 Lot # | 10010178321
Slze | 0.75° Heat # | 100101783
BOL # | BOL-410411 Load # | 322914
) Description ';‘3.', mng:eemd Bar Found 3/4° 1045CA4 24 3" [201"] Cusiomir Dar#
Production Date | 12/17/2019 Qty Shipped LBS | 48120
P"’d”‘"“o“,"‘(’)”;;?n’ United States Oty Shipped EA | 1320
Original item Original Hem
Description Numbser

! neraby cenify inal the material described hersin has bean manufactured in accordance wih the specifications and standards listed above and thal i satislies thoga requiraments.
Melt Country of Origin : United Statas

Melting Date: 12/04/2018

C (%) Mn (%) P (%) S{%) Sl{%) NI (%) Cr{%) Mo (%) Cu (%) v {%) Nb (%) 2r (%)
0.50 078 0.011 0.018 0,18 0.09 014 0.03 Q.16 0.003 0.001 0.002
N (PPM) Sn (%) Al (%) Pb {%) Ca (%) B (%) As (%)
&7 0.007 0.03 0.000 0.002 0,0000 0.004
Ni +Cr + Ma (%) : 0.26
Austenitic fine grain by chemical anglysis per the |atest ravisicn of ASTM A28
Aaduction Aatlo 99.34: 1
Sultides:T: 1.5 H: 05 Alumina : T: 1.0 H: 0.5 Siicatas T: 0.5 H: 0.0 Globular T: 1.0 H: 0.5
Macroetch E381 Surface : 1 Macroetch E381 Mid Radius : 1 Macroeich E381 Center : 2
DI Gajculated (IN) 1 1.47
Commenis:
ASTM A576-90B
JDM AO QL-2
EN 10204 3.1
EN 10204 3.1
All manutacluring processes cf the steel materials in this preduat, Including melting, have been performed in the United States,
Finishad product is kot rolied in the United States.
All praducts produced are weld free.
Mercury, In any form, has not baen usad in the praduction or testing of this material,
Tesl conform to ASTM A28-16, ASTM E415 and ASTM E1019-resulphurized grades or ap recul its.
All material meltad at Nucor Steal Nebraska is preduced In an Electric Asc Furnaca.
Strand Cast
Tests included in ISC 17026 scope: Chemistry, Tenslle, Brinell Hardness, Rockwell Hardness, inclusion, and Grain Size.
Experting Country-USA
Sales@nucome.com
E Page1of2

NBMG-10 January 1, 2012

Jim Hill, Division Matallurgist

TR No. 612061-08-01
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NUCOR

Mill Certification
12/31/2019

MTR#:322814-1

Lot #:10010178321

2911 E NUCOR ROAD
PO BOX 309

NORFOLK, NE 68701 US
402-844-0200

Fax: 402-644-0328

NBM@®-10 January 1, 2012

il

Jim Hill, Division Metatlurgist

Page 2 of 2
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Birmingham Fastener Manufacturing

P.O. Box 10323
Birmingham, Alabama 35202
(205} 595-3512 Pglofi

Certificate of Compliance

Customer : AMERICAN TIMBER BFM # : 1628407

P.O. #: 20512 Date Shipped : 10/28/2019

Item |Quantity Description Lot # Heat # Specification Finish
1 9.131 3/4"-10 x 8 1/2" Carriage Bolt 107531 | DL18100861 AWWACI11 Plain
2 3.000 3/4" Str Rd Washer 296127 227567 ASTM F436 T3 Plain
2 6,000 3/4" Str Rd Washer D7926 198520 ASTM F436 T3 Plain
3 7,000 3/4"-10 Heavy Hex Nut 799283 75068613 ASTM A563 DH Plain
4 4,300 5/8"-11 x 4" Hex Lag Screw 32361 10575880 AWWACI11 HDG

Birmingham Fastener Manufacturing. hereby certifies that the material
furnished in reference to the above purchase order number will meet or exceed
the above assigned specifications.

Signed: &_.\ Date:  11/04/2019

Brian Hughes

TR No. 612061-08-01 133 2024-02-06



STAMPING THE FUTURE
WROUGHT WASHER MFG., INC.

July 18,2018

Certification of Compliance

008816
BIRMINGHAM FASTENER & SUPPLY Wronght Washer
PO BOX 10323 Ordr/Lot Number
BIRMINGHAM, AL 35202 286127
HT ORDER 271426
Chemical Analysis
Heat Number C Mn P § 3] Cr Cu Ni
227587 0.360 0620 0.018 0002 0276 0467 0.266 0.257
Purchase Date Quantity
Order Number Part Description Shipped Shipped
6187951 34 FA36 RDTYPES W HT 07/17/2018 9,000

We hereby certify that the subject parts conform 1o the requirements of the applicable specification
indicated for the subject parts and are in complete conformance to F436-11. We herchy certity that the
subject parts were hardened to RC 38-45.

We hereby certify that all statutory requirements as to American Production and Labor Standards and all
conditions of purchase applicable to the transaction have been complied with and that the subject parts were
melted and manufactured in the U.S.A. No weld repairs were macde to the material,

Truly yours,
Wrought Washer Mfi., Inc.

Paul Sepgelink Sworn and subscribed before me on July 18, 2018
(LA, Manager My commission expires April 24, 2021

(360 TYPE 3, HT, F436
W INTERNAL LISE - 658G6206/001/010928471(3

1801 CHICORY RD. » MOUNT PLEASANT, WI 53403 « PHONE (262} 554-9550 ¢ FAX (262) 554-9584
VISIT OUR WEBSITE: www.wroughtwasher.com

TR No. 612061-08-01 134 2024-02-06
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HEAT TREAT PROCESSING CHART 25 Wrought Was her Mfg., Inc. )
custouer /< TIPED e # T8 3 wi [F45 PG, of
Ic.# oL uwiiq wora___ 63 FuRMACE®  200°T Sel-up Checklist
ORDER# 3.1 406, o [.46% p 813 TN Ak 4 RCSPECS 3945 Veriication
DATE 3
TME a° }_W ¥ 4 3
OPERATOR #. ?5
CARBON 17
k?_dn LL
GAS FLOWRATE | [)5
NITROGENFLOW (1318

" |oraw Teme G5
QUENCH % [/ o -
|RETORT SPEED
BEND TEST
DYE PEN. TESY
RCTESTBLOCK | Y0
§ Quench  Temp  Quench T:zm Quench Temp Quench Temp Quench Temp GQuench Temp Uuench Temp Qusach _Temp Que;m:m-l_1 Temp Quench Temp
182 (4o v |91 |58 |9A
Serple 2 ’3- 4'3 f 4’3 ﬁ yg
2 |55 193 |7 |4y 1s¢ (A
« |55 |77 |57 |4~55 Y
s |6 |¥e 160 |42 157 |
[sem 22227 {77207 J 2 0%
Average X Gy |43 |55 142 Ly A7
Rengs R 1 l / gx ﬂ, "
Notes
Cora Hardnesg
-1
o Inspaction Results 5 .
Surface RC: .’-//'— e Coa RC: o i Inzpected By, %W _ Dae 3 e



Prestige
Stamping,
LLC

23513 Groesback Highway
Warren, Michigan 48089

(586)773-2700 * Fax (586)773-2298

www.PrastigeStamping.com

PRODUCT CERTIFICATION

201114

CERTIFICATION NUMBER

THIS IS TC CERTIFY THE PRODUCT STATED BELOW WAS FABRICATED AND PROCESSED TO THE
ORDER AS INDICATED AND CONFORMS TO THE APPLICABLE SPECIFICATIONS AND STANDARDS.

Customer :

Customer Part:
Prestige Part:

Part Name:

Purchase Order:
Shipment BOL:
Shipment ID:

Quantity:
Manufacturers Marking:

SPECIFICATIONS

BIRMINGHAM FASTENER & SUPPLY

HANCEVILLE DIST CENTER

1100 MAIN ST
HANCEVILLE,

3/4™ TYPE3 F436
P1480CHO0O
3/4"F436 TYPE 3
6213872

B219698

AD238117

14400

wpn

HARDMESS: T=sST METHOD: ASTM E18
5

HRC 38 -

4
CHECK TO ASTM F606

LC Weshers ara to the

of ASTM F844 spacifications

AL 35077

Steel Supplier:
de: SAE CF436 TIYPE3 STEEL

Gra

Lot:

Heat:
Carbon:
Manganese:
Phosphorous!
Sulfur:
Silicon:

TEST RESULTS

HARDNESS:
HRC 41 -

Chemistry i &8 reperted from raw material certification and dops nat fall under Preatige Stsmping's accreditation.
Thig product was preduced under an tATF 18349 Quefity Assurance Sysiem,

IATF 16949 Certification No; 800334,

Material was meited snd manufactured in the U.S.A.
This product was manufactired in Warran, Michigan U.5.A.

This produat corforms to 8l requirements for washars as produced according to A.5.T.M. F-436-13.

Sampling Plen per P.S.| W.l. # 5.4.18.015,
The o3t results only apply 1o the itemns tasted.

This test raport must not be reproduced except in full without prior written approval.
Materiols used ta manufacture thase products are mercury, ssbastos end radio nctivity frae.

Product is RoM$ compliant,
No weld repairs made to material,
Al cortified preduct is AIS complient.

43

STEEL TECHNCLOGIES LLC

D792%6
198520
.39
.79
.02
.003
.24

FR SCHUBERT
Qualify Assurance Manager

TR No.

Econ Information System

612061-08-01

07/12/119

137

15:50

DTRO PAGE 1 of 1

2024-02-06




DL
Wrought Washer Mfg., Inc.

2100 S. Bay St., Milwaukee, Wisconsin 53207
Phone: (414) 744-0771 Fax: (414) 744-4811

Processed for:

Prestige Stamping
23513 Groesbeck Hwy
Warren, Ml 48089

The following coil was processed at Wrought Washer located in the USA on May 24, 2019 and
shipped tc Prestige Stamping on June 10, 2019,

Coil #: 14752
Mili Coil #: 2396526
Heat #:; 198520
Gauge: A36
Mill coil weight: 42,5008
Chemistry:
C Mn p 5 Al Si Cu Ni

.39000 79000 .02000 00300 .03000 .24000 26300 28600

Cr Mo v Nb/Cb Ti N Ca B Sn
A7500 .01800 00500 .00100 .00200 .00700 00100 .00ODO 01100

[(?LLLQ g‘Jdﬂk’ﬂm&

Signature
Quality Manager

TR No. 612061-08-01 138 2024-02-06
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VETRLLURGICAL YESTING CERTIFICATION 0078095
™ML
Yucor Steel Indfana Certificate Musber: 825756
4537 Seuth Kucor Read Date Issued: 05/17/2019
Craufordsville, IN 47933-0507
Page: 1 of 1
Customer Mame: SROUGHT WOSEER WG TNC
Urder Musher: 314019 - 0001  HOT ROLLED PTCKLED § RWERLED Customer Address: 2100 § Bay ST
Drder Bivensions: 0.1360 in X 51,0000 in
HRPR, CUT, 1040 KEATHERING MELYRUKEE M 53207
Release Order:
Cust PG Musber; H3538
Coil Hember Heap HERD
2396525.000  L-Yield (ksi):  52.0 Rockuell B: 83
———— -Tensile tksi}: 709
L-Elong (%) 3.0
Part Number
TZA8-250 TONS
Beight.: 42,720 LES
CHEMICRL ANALYSTS
Heat Sl ¢ ¥ P 5 s tu S 4 o AL N v w T 5 sb
9950 0% 0.33 0.7%0 0.020 0.003 0.2 0.265 0.011 0.2 O0M5  0.008 0030 0.007  0.005 0.001 0.002 0.0005 0.005
€oil Musber HERD HEAD
2396526.000  L-¥ield (ksi):  60.9 Rockuell B; 89
L-Tensile (ksi):  87.2
L-Elong (B: 2.0
Part Murber
T24T48~240 TOHS
Height.: 42,500 LBS
CHEMICAL AVALYSTS
deat Slab L W P S 8L fw s M o K AL N VY M T B S

198520 05 033 0.7% 0.020 0.003 0.0 0.263 0.011 C.286 Qw5 0.018 0.030 0007 0.005 0.001 0,002 «0.0005 0.00

¥ HEREBY CERTIFY THE ABOVE IS CORRECT 45 CONTRINED IN THE RECGROS 6F THE CORPORATION i:mgmﬁé
HELTED AND ROLLED IR THE USA
CF-0261 D4/01/2019 HUCOR QUALTTY ASSURRNCE

1-800-777-0950  HIR_IND_TNCUIRTESEMTOR.COM



CUSTOMER NAME:

CUSTOMER PO:

LOT#:
PRESTIGE STAMPING:
SPECIFICATION:

COATING:

CERTIFICATE OF COMPLIANCE

ROCKFORD BOLT & STEEL CO.
126 MILL STREET
ROCKFORD, IL 61101
815-966-0514. FAX# 815-968-3111

AMERICAN TIMBER & STEEL
21451
SHIPPER #: 068659
DATE SHIPPED: 04/17/2020
P38393 R69206

D5831, D5811
ASTM SPECIFICATION F436-10 FOR HARDENED WASHERS

ASTM B895, CLASS 55, TYPE | MECHANICAL GALVANIZATION

MECHANICAL GALV-PLATING: 518053, 518051

CHEMICAL COMPOSITION HARDNESS:
STEEL SUPPLIER HEAT# C Mn P S SPEC:  RC38-45
ARCELORMITTAL 9518612 029 119 0.025 0.002 ACTUAL: 41-42
ARCELORMITTAL 9514538 0.31 121 0.011 0003 ACTUAL: 41-42

QUANTITY AND DESCRIPTION:

8,800

PCS 3/4" STRUCTURAL WASHER

WE HEREBY CERTIFY THE ABOVE PARTS HAVE BEEN MANUFACTURED IN THE U.S.A. WITH DOMESTIC STEEL. WE FURTHER CERTIFY

THAT THIS.DATA IS A TRUE REPRESENTATION OF INFORMATION PROVIDED BY THE MATERIALS SUPPLIER, AND THAT OUR PROGEDURES
FOR THE CONTROL OF PRODUCT QUALITY ASSURE THAT ALLITEMS FURNISHED ON THIS QRDER MEET OR EXCEED ALL APPLICABLE TESTS,

PROCESS, AND INSPECTION REQUIREMENTS PER ABOVE SPECIFICATION.

TR No. 612061-08-01

140

2024-02-06



Prestige P T GERTIFICATION NUMBER

Sta!np.lngs . (BEE)TTH2T00 * ruogasmbm 184881
In0¢ W stigqaStsmping. oom 8

THIS IS TO CERTIF\’ TI-'!E PRODUCT ST ATED BH.OW WAS FABR!OATED AND PHOGESSED T0 THE

cum’z: ROCKFORD BOLT AND STEEL. CO
126 MILL 8T
ROCKFORD, I 61101
Gustomer Part: 095763-MG Steel Supplier: HORIZON SIEEL CO.
Prestige Paxt: P1450HP200 Grade: Cr4{3f GRADE STEEL
Pazi Name: 3/4"Fi36 M/G ‘" Lok: D5831
Purchage Ordar: P38393 Heat: 9515612 ’
:gi.gnnt BOL: B210774 Cazhon: .29 (.22 - ,57)
pmentc ID:- 20227178 Manganese: 1,19 (.6 - 1.6)
Quantity: 4000 Phiosphorous: .025 (.04 Max.)
Manufacturers Marking: "p* : 002 (.05 Max,)
. Silicon: .23 (.15 Min.)
SPECIFICATIONS TEST RESULTS
HARDNESS: TEST METHOD: ASTM m18 HARDNESS:
HRC 38 - 45 BRC 41 - 42
CHECK TO ASTM F606
PLATING: TEST METHOD: ASTM B499 . PLATING
0.0022" Min. 0. 0022- - 90,0030
MECH GALV TO asm B&95
CLASS 55 TYPE 1
' sumasre . ] apactfcallons
fram raw metesel does not Fall undar Froige
Witts prochest was grodeoed under en [BOITE 18048 Quallty Assweos Bvatem,
M!mcmmdmnmm
rn-p-ummlm—dmmmmmm i
 anestdn M, PA36-13, -
mm...r.suw.um-:ams. AR AT a0 . SCHUBERT
The tast resules tpply to the o tated.
ot e i - sy’ . ‘ Qualify Assuranca Manager
Beaterioto voac to manstecture. a0 produri ar maroury, extestos. and ko ctivity 40,
Product ko RoHS complant,
mwm!m&mm
AN ourtifted product is AIS sempliant.
Econ Information System 07/02118 14:15 HSIE * PAGE 1 of 1

ReGaog

TR No. 612061-08-01 141

2024-02-06
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] " ) . - - m:
nl-l— Siteal Co, PREST  PRESTIGE STAMPING, INC
Sl E80UTIcA : 23515 GROESAECK HIGHWAY -
, NI 48315 WARREN, Mi 48090

e ﬂ LE.!E%%F&%W“G .
gBOL#G]SM -

Ship Dete: 47202018 . -

Order Information - % _

PART #: ZZ5500122 . ENDUSE POS: Use End User PO#:
YOUR PART #: PART P14S0H00 REY ik
PART DESC : HRPO F438 GRADE *MELTED & MFG 1IN USA™

[ Chemlslry Heat Number 95156712 : : . _

C:02900  Mm1.1800  P-0.0250 & 00020 St 0.2300 Cu 0.0200  ALO.O480 V00040 2 N:ODI00  NWOB-0.0010

Cr00300 T 0.0020  N:0O0SE  Mo0.0100-  Ca0GO15 . ° B: 0000  Sn: 0010 T

TegNe Product Gage Width  Length  Weighl | Rb

437454 HPHSIA 2NV 55000 524 @

4374255 HPHSLA 122N £.5000 525 92 NiA

4374288 HPHSLA .122MIN - 55000 5288 @ NA

43742657 HPHSLA , J122MIN - : §.5000 6266 92 NA

4374259 HPHSLA- 122N 5.5000 6240 82 N

43742860 HPHSLA . 122 MIN 55000 - 528 92 A

4374281 HPHSLA - 122 MIN 5,5000 5202 @2 NA

4374202 HPHSLA .122MIN 5.5000 5234 @2 NrA

4374263 HPHELA .122MIN 5.5000 : 5282 92 NA

4374284 HPHBLA 122 MIN 55000 E 5,188 NiA

4374286 . HPHSLA .122MIN . 55000 - - 5210 92 NA

4374288 HPHSLA .122MIN 5.5000 , 5234 92 NA -

4374267 HPHSLA 122 MN 5.5000 5220 NA

4374268 HPHBLA 1Z2WIN 5.5000 $200 @2 - NIA
suagnz-aph A ! Piisg By Ghaem Zekm «m 1aa838
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PREST  PRESTIGE STAMPING, INC

- , PRESTIGE STAMPING
50990 UT T - ) wnsisem;samxm 29613 GROESDECK HIGHWAY
Eﬁ%ﬁgﬂ% o IARREN, Mi 48000 YWARREN, Mi 48090
BOL#613604- ¢
ShipDale: . 42042018 - R :
- 4374203 HPHSLA 122 MIN 5.5000 6380 92 NA
4374270 HPHSLA .22 MIN. 5.6000 5414 82 NA
43T4Z71%1 HPHSLA 122 MIN £.5000 5410 @2 A
4374272 HPHSLA 122 MIN 5.5000 5402 92 . NA
|Wmummﬂmmmummumawmamhmmmm&nmr.
Mary Claire Coling
j Cumity Assurence
‘44,104 Pidmi By ShownZéhm  ATHGOE 1535



Arcelorivitital
Clevaland -

Flat Carbion
Cleveiand, OH 44115 . i .

PTG SR T “ArcelorMittal
50390 UtioaDx. - :
Wby'mmmls

Dear Jim, Y : December 5, 2017
1 have reviewed our necards enskhave confirmed thet the following colls wers manirfackured from heats that
were “meliad/smelisd” at the Olevaland Faollity. ?

The heat numbers and the relating colls are stated below:

HeatNbw
1 | s41s88

ARt

LI BB
f]

TR No. 612061-08-01 144 2024-02-06
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PROFPEATIIEY -~
€ ® F 3 & & =
,3200 1,1909 0.0120 0.0020 0.3300 G.030D 0.0100

& W % M v & 1
0.0300 £,0100 0,0280 0,0440 0.002¢ 0,0000 0.0043

8 m M @ & o
0.0000  0.0030 0.0010 G.00M4

\/'mmm

9515622

themical.

TR No. 612061-08-01

Lacg
$18a281

PROPERIIER
€ # B 85 S G ™
0.2900 1.180¢ ¢.0250 0.0020 4.2300 a.0200 0.0100

e - E AL v @ "
0.0300 2.0100 9.0520 0,8480 0.0040 0.0010 0,004

3 @ © W G O
¢.a000° 0.9030 ¢,0010 5.4015

PROFPERTIIES
c ¥ 4 ) B &g [
0.5100 1,1100 6,045 0.0020 0.2440 0.0200 4.6180
cr Mo f a1 A Fe X

. 0.0400 90,0100 9,020 0,080 9.0020 0.5000 0.0080

B i 28 a Ca 0

0.0001 0.0630 0.0010 0.0028

145

2024-02-06



+ . ﬂ e
PI'CSQSG . 213 Cronsbock B CERTIFICATION NUMBER :
Stampmgi tm;’ﬁa—ﬂ“ :n Fax {588)773-2298 184880
]nc. . sy, Prostigebtmmpdng. com . 8

THIS IS TO CERT IFY THE PRODUCT S?ATED BELOW WAS FABHICATED AND PRGGESSED TO THE
ORDER ' I : ‘ NDARE

Customer: ROCKFORD BOLT AND STEEL CO
126 MILL BT
ROCKFORD, IL 61101

- Customer Wart: 095763-MG Steel Supplier

: HORIZON STEEL CO.
Prestige Part: P1480EP20D ' Grade: CF436 GRADE STEEL
Part Name: 3/4"F436 M/G fot: D5811
Purchase Order: P38353 . Heat: 9514538
g matE! 55 2 - 1
‘ Quantity: 16000 Phogphorous: .011 (.04 Max.)
Manufacturers Maxrking: "P™ . Sulfur: .003 (.05 Max.) .
. Biliaon: .24 (.15 Min,)}
ECIFICATI o TEST RESULTS
HARDHESS: TEST METHOD: ASTM E18 . HARDNESS :
HRC 38 - 45 HRC 41 - 42

CEECK 'TO ASTM F606

PLATII(-’a' JFEST 'METHOD: ASTM B499 PLATING:
0.0022% Min, 0.0022" ~ 0.0030"
MECH GALV TC ASTM B&95
CLASS 55 TYPE 1 -

UESBAN LG of ARTM PB4S apooify
ehmh-mhwmuhﬁmmmmﬁm oy
mm-—mmm-m!mlmmm
180/TS 16840 Corfificelon No; DUS2R33,
Nintarial wan malted and mansdadiured in the LLS.A.
mmmmmmw usA

du ol Rt washars &8 produnsd o ABTM, F430-18.
mmumn w !.IAWJ.I I.‘-II-HE.

Thia tast mmm mmmmmmmmmmm
Arwrcnry, ssbyrios and Mo ity frov,
mhmw-n. =

No weld repaifa mede %o muturisl,
Al coriitad produod Is B8 compiiant.

‘Econ Information System 07/02/18 14:15 HSIE PAGE 1 of 1

TR No. 612061-08-01 146 2024-02-06
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PREB‘HBE STAMPING, IHC

‘PART DESC : HH’OHSSGRADE‘MELTE)&MFGIN USA‘

23513 GROESBECK HIGHWAY
-~ WARREN, M} 48080
a . :
n| BOL# 613454 :
oy | Ship Date: _4rfeizots
. ]
80 # p04b7Ts - 4 . . PO#:30179-05 . cPOE
PART ik ZZ5500122 BND USE PO#: ' Use End User POM:
YOUR PART ¥ PART P1480H00 o REVE: :

Chemistty Heal Nummber 9514538

C 03100 M 12100 _ P.0010 & 00030 6002400 Cw 00400 AEOGAZD  Vi0000  NCO0300  NGICB-0.0000°

£r:0.0600

Product

Tt 0.0030

N:0G0S2  Mo0O100  Can0ols 5:0.0003 S 0.0080

Width  Length st'ﬂ

4373538 HPHSLA

.. 4373638 HPHSIA
4373540 HP HOLA
4373549 HPHSIA
4373555 HP HSLA

4373666 . HP HSLA -
4373561 HPHSLA .

4373564 HPHSLA.

. osge Rb
Az 55000 5312 @ WA
122 N 5.5000 sa o NiA
22 N 5.5000 538 93 NA
22 MIN 5.5000 538 9 NA
A2ZMIN 5.5000 628 % NA
22 MIN 5.5000 5312 93 N/A
122 N 5.5000 535 63 NiA
12N 5.5000 5222 3 WA
122 MIN 5.5000 - 522 ® NA
106y that the test resis shown ar csrect #s contained i the recarde of Horlzon St Co, ark n canglance with e reciremerts of e order.
W inrngs CTtlsins (S '
Mary Ciaive Coling




Areloriiiel “
Clovaland .

S ~ ArcelorMittal

‘pemrdm, ¢ - . ' : Tome 26, 2017

$ hiave revieviex) cor mcoro and mmmmmmmmMMamm
wat "MiRedmaltad® ot the Clovalend Faily.

Tluhnmhrmdhnhﬂmmﬁmmm

- lh;immr:wﬂu!’ . Colinumbere: 818143, 61187

. . uouu:ss
Cmemioals Towp n: n
G ssLiEm -m:mummmmnmnm

& ¥ ®m a v o |
0050 0,0101 00380 B.060 (0020 0.8020 00058

B - ™ LLJ G o :
8.0088 €.0000 08110 0.0015 -

T 179 420 603 | F +1 440 848 8546

TR No. 612061-08-01 148
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CERTIFICATE OF COMPLIANCE
ROCKFORD BOLT & STEEL CO.
126 MILL STREET
ROCKFORD, IL 61101
815-968-0514 FAX# 815-968-3111
CUSTOMER NAME:  AMERICAN TIMBER & STEEL

CUSTOMER PO: 21451
SHIPPER #: 068658
DATE SHIPPED: 04/17/2020

LOT#: ) P39299 R73245

PRESTIGE STAMPING: D7506

SPECIFICATION: ASTM SPECIFICATION F436-10 FOR HARDENED WASHERS
COATING: ASTM B695, CLASS 55, TYPE | MECHANICAL GALVANIZATION

MECHANICAL GALV-PLATING:  120028-35

CHEMICAL COMPOSITION . HARDNESS:
STEEL SUPPLIER HEAT# c M P S SPEC:  HRC 3845
STEEL DYNAMICS 21933180 052 07 0.011 0.001 ACTUAL: 41-43
QUANTITY AND DESCRIPTION:
6,200 PCS 3/4" STRUCTURAL WASHER

WE HEREBY CERTIFY THE ABOVE PARTS HAVE BEEN MANUFACTURED IN THE U.S.A. WITH DOMESTIC STEEL. WE FURTHER CERTIFY

THAT THIS DATA IS A TRUE REPRESENTATION OF INFORMATION PROVIDED BY THE MATERIALS SUPFLIER, AND THAT OUR PROCEDURES
FOR THE CONTROL OF PRODUCT QUALITY ASSURE THAT ALL ITEMS FURNISHED ON THIS ORDER MEET OR EXCEED ALL APPLICABLE TESTS,
PROCESS, AND INSPECTION REQUIREMENTS PER ABOVE SPECIFICATION.

TR No. 612061-08-01 149 2024-02-06



Prestige

23513 Groesbaeck Righway

i Warren, Mi 48089
Stampmg’ {586) 773-2700 * Fax (586)773-~2298
LLC www, PrestigeStamping . com

CEIITIFICrATIDN NUMBER

211453

THIS |8 TO CERTIFY THE PRODUCT STATED BELOW WAS FABRICATED AND PROGESSED TO THE

RDER ICATED CONEOR APPLICABLE SP
Customex: ROCKFORD BOLT AND STEEL CC
126 MILL ST

ROCKFORD, IL 61101

|F

Steel Supplier: MARATHON METALS, LLC

CLASS 55 TYPE 1

MECH GRLYV TO ASTM BEOS

'USS/SAE LC Waahara are 10 the

LATF 108448 Cantification No: 800334,

Thio praduct toall

of ASTW FB44

Moteriel wes melted and manufactired In the U.BA, |
This product was menufectured In Wawen, Michigan U.8.A.

Bompling Plan per P8 W, # B4.18.015,
The test remults ovly apply 10 the Hems tesied.

used to

for weshars a3

ﬂhmf report must not be reproduced oxcent in Ful without prior wlhhn approvel,

thase products
Product Is RoH'S compllsnt.

No weld repalis meds to material,

All cantfied produst I AIS compliant.

v, eshestos and radio activity free.

1o A.S.T.M. F-838-13,

Customer Part: (095763-MG
Pregtige Part: P1490HP200 Grade: CF436 GRADE STEEL
Part Name: 3/4"F436 M/G Lot: DB336
Purchase Order: P39299 Heat: 21933130
sl?‘ignem: BOL: B224643 Carben: .52
pment ID: AQ244690 Manganase: .70
Quantity: 20000 Phosphorous: .011
Manufagturers Marking: "p" Sulfur: .001
Silicon: .23
SPECIFICATIONS TEST RESULTS
HARDNESS: .TEST METHOD: ASTM E18 HARDNESS ;
HRC 38 =~ 5 HRC 41 - 43
CHECK TO ASTM F606
PLATING: TEST METHOD: ASTM B499 PLATING:
0.0022" Min. 0.0022%"~ 0.0030"

Chantltty Is at caported from raw materal certification and does nat fefl under Prostige Statmping'a seoreditstion,
This prodict wes produced under an IATF 18849 Quality Assurance Systam.

I N AN

SCHUBERT .
iy Assurance Manager

RI 3245

Econ Infarmation System

50

TR No. 612061-08-01

02/28/20

14:17

150
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17Dec1o 11:21 . Tag T
dold By,
MARATHON METALS /MNP CORE
6440 MACE .

DETROLT, MI 48207

Tel: 313-571-3844 Pax: 313-971-604% .

sold ¥o: ( 933)
FREBTIGR STAMPING INC.
23613 CGROBHBECK HIGHWAY
WARREN MI 48090

Tel: 585 773-3700 Fax: 586 773-2298

CERTIFICATE of ANALYSIE and THETS

CERTIFICATE

No: MNP 8480

PO Ko 33352-01

Rel .

8/0 No MNP 63133-001

B/I: No MNP 73302-001 S&hp 17Deals
Tov No Iav

Ship Toq . (001)
PRESTIGE. STAMPING INC,
23523 GROESBECK HIGHWAY
F.0, 50K 1086

WARREN MI 48090

Cart. No: MNP 8490

17Dec1s".
Part No PidaoH0o.
P5C 1035 CARBON P436 " Poe 3
.122/.128 X 5.5000" ° 16 38,465
MILL CEBRTS
MELTED & MPG IN USA
ROCEWELY, BIG
Heat Number Tag No Bap Wgt
41933130° 0820639 ] 4,7
21933150 #20640 2 4,830
21933230 820641 2 4,835
2d933130 520643 3 4,810
21933130 g20644 2 4,800
21933130 420645 2 4,020
21933130 520645 2 4,820
31933130 5206647 2 4,180
Caan
Heat Number 494 Chemical Analysis #4# '
21933130 C=0,6200 Mnel.7000 Pud.0110 B«0,.0010 AleD.0270 Bi=0.2300
N Nb=0 0010 M0.0080 Va0.0040 Ti=g, p020 Cumd.2000 Cr=0.0700
Shwl . 0050 Nia0.0400 #0=0.0200 Ca=d,00a0

)

i

1

Page: 1 .... Last

TR No. 612061-08-01
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X 'mmwkoadsy ' : . L Lag .
@?)smgymw Buter, IN 46721 USA Metallurgical Certification
- Fiat Aol Grougp Telephone (260) 268-2000 ' . ‘
' Tax (2603668055 - Cert #
Sontact ' ‘ o #| . Coil Afiss|
t . N n - 5 =
— Orderd] . Hast $(21933130
T Jontted Seates Uine o {5 : PO #{MNP
_ Part#{Washers
OB Clo Maraiion igias Contac : Bleterlal Sipei: |SAE 1050 :
1 . . N P- -
sg: w0 s8507 I’rodl!cwwu. mmhmmdbhlﬂd}edsam
-? inited Stetes |
: - » ’ : ﬂm@umn%m
. m:;;ﬂ;rdﬁsddimw = Dl is not
Lenen] - Z3aR7 BS0m Widlh| 7500 1 1284mn m:& " :
‘Welnght| 45250 (bs 1 2051597 kg | Gawgel 01220, 7 339.nm | M |- Na
: :
Treatnseit| -
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Birmingham Fastener Manufacturing

P.O. Box 10323

Birmingham, Alabama 35202

Certificate of Compliance

(205) 595-3512

Pelofl

Customer : AMERICAN TIMBER BFM# : 1628407

PO #: 20512 Date Shipped : 10/28/2019

Item |Quantity Description Lot # Heat # Specification Finish
1 9,131 3/4"-10 x 8 1/2" Carriage Bolt 107531 | DL18100861 AWWACII1 Plain
2 3,000 3/4" Str Rd Washer 296127 227567 ASTM F436 T3 Plain
2 6,000 3/4" Str Rd Washer D7926 198520 ASTM F436 T3 Plain
3 7,000 3/4"-10 Heavy Hex Nut 799283 75068613 ASTM A563 DH Plain
4 4.300 5/8"-11 x 4" Hex Lag Screw 32361 10575880 AWWACIII HDG

Birmingham Fastener Manufacturing. hereby certifies that the material
Sfurnished in reference to the above purchase order number will meet or exceed
the above assigned specifications.

4% A

Signed:

TR No. 612061-08-01

Brian Hughes

153

Date:  11/04/2019
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w021 ]
(SRR | LD 13836 1°P20012048)
BIRMINGHAM FASTENER & SUPPLY

1100 MAIN STREET SE
HANCEVILLE, AL 35077

FONTANA FASTENERS TEST ot st Couns Rasil O HS

Le REPO RT Frankfort, IN 46041-6966

T. 765.664.0477
F. 765.654.0857

@;
[ Quantty |IECE
Gme

PART INFORMATION

AS563 DH3 HV 3/4-10

BRI ASME B18.2.2 HEAVY HEX NUT':

MADE IN USA

 Part Number | N | Fiosh |V

Head Warting |IRTERTETY

|

Steel Heat Nbr teel buppher

GER75068613-26 GERDAU MACSTEEL INC 4140MOD C Carbon 0.40 0.45 0.42
Mn  Manganese 0.80 1.00 0.85
P Phosphorus  0.000 0.040 0.011
S Sulfur 0.000 0.050 0.006
Si Silicon 0.150 0.250 0.180
Ni Nickel 0.20 0.30 0.24
Cr  Chromium 045 0.65 0.53
Mo  Molybdenum 0.15 0.25 0.20
Cu  Copper 0.20 0.30 0.23
Al Aluminum  0.015 0.035 0.020
v Vanadium  0.000 0.010 0.002

___RAW MATERIAL A ANALYSIS BLEh
Slee! Grade| Cnde | Rgd Min Pct Rad Max Pet lPerﬂent

Elament

Certification test results inciude those reported by the following laboratories:
[Fontana Fasteners, Inc., ISO17025-A2LA Cert#0122.02, 06-31-

MECHANICAL PROPERTIES

: Wedge Angle !
; 58450175000 (Ibs/Psi)

NUT PROOF, PSI  |175000 / 175000'175000 175000!(175000 |10

[Core Haraness, HRC[32 /38

3 25 [0 [13

TR No. 612061-08-01
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T. 765.654.0477
F. 765.654.0857

' TEST REPORT  Operations Center
.FomANA FASTENERS e
i LE_

: 6225004
8 LorasssPa0iz08s 799283

hgzg;mw.___} 18000,
IR o226- 18

Applicable Standards, Specifications, and Sampling Schemes:
Test methods in accordance to ASTMFG06/1SO 898-1 where applicable.Sampling plan in accordance to ASTM F1470. Thread fit and
dimensional properties are compliant to ASME B18.2,1, Mechanical properties are according to SAE J429 or 1ISO 898-1 were
applicable. Bolts passed a surface discontinuity inspection per ASTM F788. These bolts were manufactured in the USA from domestic
material and were not produced from heat in which Bismuth, Selenium, Teilurim, or Lead was intentionally added. Bolts were not
exposed to Mercury or any other metal alloy that is liquid at ambient temperature during processing or while in our possession.
The listed standards, specifications, and sampling schemes are of the revision in effect on the date of manufacture unless noted
otherwise. Only those standards spacificaliy noted under "test methods” or "additional test methods” are included on LE's scope of
laboratory accreditation.

Additional Information

Nene

This ot has been found to conform to the requirements of the above standards and specifications

Wa certify The product furished oy Fanlana Fasleners, Inc. was manufaclured, sampled, tested, and | in with the and Iistad sbova and with Fontana

Zasteners, Inc Qualily Manual in effect a5 of the dme of manufecture, Tha above deta accurately reprasants values provided by Foniana Fastenaers, Inc. suppliers and/or valuas generatad in one of
“ortana L InC. AZLA i

This test report ra\ales onty 1o Ihe sample tesled above. This may enly ba ano may not be used for any purpese olher than the purpose of certifyingtha same or lesser

Juantity of the product speaified harein, Reproduction alleralnon of s uf s document for ny olhes purpose 18 AroILiLed, 8Xcept 85 exprasgly pravidsd in this certification. Foniena Fasteners, inc

Takes no (and atly ., whethar Bxpreas, implled or stalutory, inguding, without imaation. any warranty ef merchantabliny or filness for a

DAMGULEr purpase.

Juality Menagement System induding Test Reports managad by Josh Lawery - Quality Supervisor, Fortana Fasteners Inc

CERT #0122.02
"MECHANICAL FIELD OF TESTING"

TR No. 612061-08-01 155 2024-02-06



e3] GERDAU

GERDAU SPECIAL STEEL NORTH AMERICA

5591 MORRILL ROAD

JACKSON, MICHIGAN 48201

CERTIFIED MATERIAL TEST REPORT

CUSTONER ORDER NUMBER CUSTOMER PART NUNBER HEAT NUMBER : WORK ORDER NUNBER DATE
130651 95B223700A4 | 75068613 1313378 101 9/25/17
210mm Billet
REPORT TO SEIP TO
ACUMENT GLOBAL TECH. FONTANA FASTENERS INC-MFG
DBA: FONTANRA FASTENERS 3281 W COUNTY RD 0 NS

3281 W COUNTRY RD O NS

FRANKFORT , IN 46041 FRANKFORT , IN 46041
ORDERED
GRADE 5188 LENGTH
4140 MOD 37.MM RND 20’

CUSTOMER SPECIPICATIONS

CHEMISTRY ONLY: ASTM A563-15 GRADE DH3/ASTM Al94-15 GRADE 2H

CHEMICAL ANALYSIS
c Mn P 5 Si Ni Cr Mo Cu Sn
0.42 0.95 0.0112 ¢€.0068 0.19 0.24 0.53 0.20 0.23 0.009

v Nb
0.002 0.003
HYDROGEN = 1.7 ppm

GRAIN SIZE SPECIFICATION ASTM E1l2 GRAINSIZE 5-8

REDUCTION RATIO

RATIO= 40.8 TO 1.0

*%* MATERIAL 100% MELTED AND MANUFACTURED IN THE U.S.A. BY THE ELECTRIC
ARC FURNACE AND CONTINUOUS CASTING METHOD. THE PRODUCT HAS NOT
BEEN REPAIRED BY WELDING AND THIS MATERIAL HAS NOT BEEN EXPOSED
TCO MERCURY OR TO ANY OTHER METAL ALLOY THAT IS LIQUID AT AMBIENT
TEMPERATURES DURING PROCESSING OR WHILE IN OUR POSSESSION.

GERDAU MONITORS ALL INCOMING SCRAP AND ALL HEATS OF STEEL TO ENSURE THAT

PRODUCTS SHIPPED ARE FREE OF RADIOACTIVE MATERIAL.

PAGE 1 OF 1

Al

0.020

We certify that these data are correct and in compliance with epecified requirements.

Gerdau Monroe )
31000 East Front Street Patrick Doyle

Monroe, MI 4Blel . OvAlity Assuranca Repsesnntaciva

TR No. 612061-08-01 156
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CERTIFICATE OF COMPLIANCE

ROCKFORD BOLT & STEEL CO.
* 126 MILL STREET
ROCKFORD, IL 61101
815-968-0514 FAX# 815-968-3111

' AMERICAN TIMBER & STEEL

CUSTOMER NAME:
CUSTOMER PO: 21451
SHIPPER #: 068659
DATE SHIPPED: 04/17/2020
LOT#; P38836 R71968

UNYTITE LOT: 30836-75070667

SPECIFICATION:

ASTM A583, GRADE DH HEAVY HEXAGONAL NUT

COATING: ASTM SPECIFICATION F2329 HOT DIP GALVANIZE
UNIVERSAL GALVANIZING: 30836-75070667

CHEMICAL COMPOSITION

HARDNESS:
MILL GRADE HEAT# o] Mn P S Si

SPEC: 2438
GERDAU 1045 75070667 45 77 .010 035 21 ACTUAL: 298.05
QUANTITY AND DESCRIPTION:

175 PCS 3/4" HEAVY HEXAGONAL NUT

WE HEREBY CERTIFY THE ABOVE PARTS HAVE BEEN MANUFACTURED iN THE U.S.A. WITH DOMESTIC STEEL. WE FURTHER CERTIFY
THAT THIS DATA IS A TRUE REPRESENTATION OF INFORMATION PROVIDED BY THE MATERIALS SUPPLIER, AND THAT QUR
PROCEDURES FOR THE CONTROL OF PRODUCT QUALITY ASSURE THAT ALL ITEMS FURNISHED ON THIS ORDER MEET OR EXCEED
ALL APPLICABLE TESTS, PROCESS, AND INSPECTION REQUIREMENTS PER ABOVE SPECIFICATION.

TR No. 612061-08-01
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2024-02-06



Shipping Documents

without notice.

ubject to Unghta Inc. Standard Terms and Conditions of Sale, Document Number 13-002, dated 08-09-08. Document is subMti

Page 3of 8
Unytis, Inc.
NYTITE INC. Porn i om5t |
U . r, .
rewarmrea sy UGA : Customer Shipper
Tel 815-224-2221 .
Fax 815-224-3434
-BllVShip To: Rockford Bol! and.Steel Co H " :
126 MR S Shipper No:. 70061
Rockford, ll. 61101 |
Buyer: Rockford Bolt and Steel Co.
Ship Date: 713119
Carrier; Customer Advise
Trailer No:
Shipping Tracking No:
Freight Terms: Collect
Class or Rate: 50
" Paliets: 23
Cust Customer 1 .
PO |Rel| PartNo |Rev Part Name PartNo Rev| LotNe. Containers  [ShipQty|  Net Gross
P38828[12 AASHTO M180 Guard Rall, |AASHTO M180 5/8-11 30879~ (180) Keg (Can| 179,837 30,392 'h 31,042 s
Doubie Recess, Hot Dipped +0.031 DBRC HDG G- 190519 (180} | wikd)
 |Gaiv RAIL NUT
Pase36[12 [V | |ASTMABE3 Heavy HexNut, (A563 34-10 +0.020 DH 30836- (27) Keg (Can| 27,000| 4,960 lhe| ‘4,957 ibs
) Grade DH, Hot Dipped Galv, [HHN HDG BLUE DYE 75070667 whad| T M i
Bive Dye [t : .
Totak: 207 Contalnors| 206,837|35,252 [hw|36,704 Ibs
Iver Signature
R 19 LE Packing Slip

hxtps:!Mww.plcxonlim:.uom/8347ba35-4628-46d7-a084-85e6c5142leblSales/chort_S,hipper.asp?ﬂﬁR'm 77312019

TR No. 612061-08-01
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UNYTITE INC. oo INSPECTION CERTIFICATE |

Pery, It 61364
FASTENING v syl
INNOVATIVE BYETEME [

Customer: Rockford Bolt and Steel Company Ship To:
Customer Part No:
Gustomer PO No: P38836 . Shipped Qy:

Lot Number: 30836-75070667

Part No: A563 3/4-10 +0.020 DH HHN HDG BLUE DYE

. ASTM A563 Heavy Hex Nut, Grade DH, Het Dipped
Description: i Biue Dye vy

[ |
|ASME B1.1 2003 IASME B18.2.2 Eg:s
ASME B18.26 2011 IASTM ASE3 5
ASTM F2326/F2320M - 2015 IASTM FE06/608M 2018
ASTM FB12 2017
M
. Tompering T Proof Load Shape & Dimension | Thread Precision |Visual AS
Diwwriptinn ]"""““' (HRGII gm'-‘j.w (PasalFall) (ASTMMInLES)|  ASME B18.2.2 ASME B18.1.4 FBi2 ol
Sunp 20,05 1193 50,100 Pass ) Pass Pass
TEOTORGT “ MM UBA 04500 0.7700 o010 0.0850 02100 0.1800 01100 0.2000

Mbaroh ammmmelmmwnﬁmwmmedmmmwmmwn.

aumnluhshdouﬁoﬂnmeapadﬂwm dascriyed/listed above and were manufactured frea of mercury contamination and there Is no welding
performed in the production of the praducts, No hests ta which Bismuth, Selenium, Tellurium, or Lead was intentionally added have been used to produce

5 thalwas melted and manufactured Io the L.S.A. and the product was manufactured and tested in the U.S.A,

nnéﬂﬂ'yﬂmtlﬁudﬁtﬁhkue presentation of wmwmemmmn«mmrmmwam This cartified material test report
2 only to the fisted on ment and-may not in full.

7HBH®
'l'hmchlhw. Quality Deta
Plax 7118/19 8:13 AM cthorsen Page 1
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GERDAU SPECIAL STEEL
5591 MORRILL ROAD

RORTH AMERICA

JACESON, MICHIGAN 45301

CERTIFIED MATERIAL TEST REPORT

COPPOMER ORDER NDMEER COSTONER FART NUMBER REAT NUMRBR WOEK ORDER NUMBHR DATE
P007419-2 B10458C1,0000 75070667 319128 102 |5/03/18
210mm Billet
HEPORY TO SRIF WO
UNYTITE INC UNYTITE, INC
ONE UNYTITE DRIVE LASALLE PLANT
325 CIVIC RD
PERU , IL 61354-9710 LASALLE , IL 61301
ORDERED
GRADR 8I58 LENGTR
1045 1" RND 24' 10 1/2v
CUSTOMER SPECIFICATIONS
SAE 1045; ASTM E381-17; RMS 021 DATED 9/28/06
CHEMICAL ANALYSIS
c Mn P s 8i Ni Cr Mo cu sn Al

0.45 0.77 0.010 0.035 0©.21 0.11 0.16 0.04 0.20 0.010
v Nb

0.056 0.002

GRAIN SIZE SPECIFICATION ASTM E112 FINE GRAIN 5-8

MICROCLEANLINESS SPECIFICATION ASTM E45 METH A

A B C D
T H T H T H T H
AVERAGE 2.4 0.2 1.0 ©¢.0 0.2 0.0 0.8 0.2
MACROSTRUCTURAL TEST PER - ASTM E381
PLATE I
8 R C
PRONT 1 i 1
MIDDLE 1 1 1

CONTINUED ON PAGE 2

TR No. 612061-08-01 160
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GERDAU SDECTAL SYHEL NORTE AMERICA
5551 MORRILL )
JACKSON, MICHIGAN 49201

CERTIFIED MATERIAL TEST REPORT

COFTGR Citpen KOWBER CosTomm sART FTNEER AT WUMEER WK ORnER WomER oare
P007418-2 B10458C1. 0000 75070667 319128 102 5/03/18
' 210mm Biliet
REPORT TO ANTP TO
UNYTITE INC UNYTITE, INC
ONE UNYTITE DRIVE LASALLF PLANT
325 CIVIC RD
PERU , IL 61354-9710 LASALLE. , IL 61301
ORDERED
P prEm pre——
1045 19 RND 24' 10 1l/2v

CESYOMSR SPECIFICATTONS

SAE 1045; ASTM E381-17; RMS 021 DATED 9/28/06

BACK 1 1 1
DECARB SPECIFICATION ASTM E1077
F TOTAL= 0.010

REDUCTION RATIO
RATIO= 86.7 TO 1.0
RESIDUAL MAX SPECIFICATION RMS 021

Ni+Cr = 0.2690

*% MATERIAL 100% MELTED AND MANUFACTURED IN THE U.S.A, BY THE ELECTRIC
ARC FURNACE AND CONTINUQUS CASTING METHOD. - THE PRODUCT HAS NOT
BEEN REPAIRED BY WELDING AND THIS MATERIAL HAS NOT BEEN EXPOSED
TO MERCURY OR TO ANY OTHER METAL ALLOY THAT IS LIQUID AT AMBIENT
TEMPERATURES DURING PROCESSING OR WHILE IN OUR POSSESSION. . GERDAU MONITCRS
ALL INCOMING SCRAP AND ALL HEATS OF STEEL TO ENSURE THAT PRODUCTS SHIPPED
ARE FREE OF RADIOACTIVE MATERIAL. MATERIAL IS 100% RECYCLABLE.

TR No. 612061-08-01 161 2024-02-06



CERTIFICATE OF COMPLIANCE

ROCKFORD BOLT & STEEL CO.
: 126 MILL STREET
ROCKFORD, IL 61101
815-968-0514 FAX# 815-968-3111

CUSTOMER NAME:  AMERICAN TIMBER & STEEL
CUSTOMER PO: 21451
SHIPPER #: 068659
DATE SHIPPED: 04/17/2020

LOT#: P38996 R72790
UNYTITE LOT: 31631-6215051403

SPECIFICATION: ASTM AB63, GRADE DH HEAVY HEXAGONAL NUT

COATING: ASTM SPECIFICATION F2329 HOT DIP GALVANIZE
UNIVERSAL GALVANIZING: 31631-6215051403
CHEMICAL COMPOSITION
HARDNESS:
MILL GRADE HEAT# C Mn P S Si
SPEC: 24-38
GERDAU 1045 62150514 45 72 014 014 .23 ACTUAL: 29.11

QUANTITY AND DESCRIPTION:

13,9756 PCS 3/4" HEAVY HEXAGONAL NUT
WE HEREBY CERTIFY THE ABGVE PARTS HAVE BEEN MANUFACTURED IN THE U.S.A. WITH DOMESTIC STEEL. WE FURTHER CERTIFY
THAT THIS DATA IS A TRUE REPRESENTATION OF INFORMATION PROVIDED BY THE MATERIALS SUPPLIER, AND THAT OUR

PROCEDURES FOR THE CONTROL OF PRODUCT QUALITY ASSURE THAT ALL ITEMS FURNISHED ON THIS ORDER MEET OR EXCEED
ALL APPLICABLE TESTS, PROCESS, AND INSPECTION REQUIREMENTS PER ABOVE SPECIFICATION.

TR No. 612061-08-01 162 2024-02-06



S - Unyiite, inc. - . .
UNYTITE INC. cimiow -\ opecrion CERTIFICATE -

FASTENING Tel 816:224-2221
§ INNOVATIVE SYRTEME o s

.Custoer: Rackford Bolt and Steel Ca. oo . ShipTe:

Customer Part No: . . )
Custottter PO No:  P38006 L N ‘ Shipped Qty:
Lot Number: 31631-8215051403 ‘ '

Part No: AS83 3/4-10 +0.020 OH HHN HDG BLUE DYE

) ASTMASBSFIeewHeﬂNuLGradeﬁH HotD
Descripion: ey Bige Dye oped

JASME B1.1 2003 ASME 81823 : 016

Ieslu are In accordance with the I.ltni mvlllom ofthe methode pmm'bed in the applicab

e samples 1estod conform the specifications as described/listed above andwere manufacturad free of mercury coniamination and there is nowelding
performed In the production of the producis, No heats to which Blsmum. Selenium, Tellurium, or Lead was intentlonally added have been used to produee

: ltsef was meked and manuraclumd in the US.A lnﬂllmproﬂuol was manufactured and tested Inthe U.SA.
; uﬂﬂy Hm ﬂ'lli data il u‘ua r!.pracenllﬂun al' mrmaum mqed by iha mahaﬂal al.ppﬂaram our testing labumory This nmlled mltgrhl test report

1288 .
Thorsen, Chrla - Supervisor, Cualiy Dato

Plex 1172618 3:02 PM cliorsen Page 1

TR No. 612061-08-01 163 2024-02-06
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CERTIFICATE OF COMPLIANCE

ROCKFORD BOLT & STEEL CO.
126 MILL STREET
ROCKFORD, IL 61101
815-968-0514 FAX# 815-968-3111

CUSTOMER NAME: AMERICAN TIMBER & STEEL

CUSTOMER PO: 21451
SHIPPER #: 068659

DATE SHIPPED: 04/17/2020

LOT#: P30283 R73494
UNYTITE LOT: 32205-75078628

SPECIFICATION: ASTM A563, GRADE DH HEAVY HEXAGONAL NUT

COATING: ASTM SPECIFICATION F2328 HOT DIP GALVANIZE
UNIVERSAL GALVANIZING: 32205-75078628
CHEMICAL COMPOSITION
HARDNESS:
MILL GRADE HEAT# c Mn P S Si
SPEC: 24-38
GERDAU 1045 75078628 .44 .74 006 029 .24 ACTUAL: 28.37
QUANTITY AND DESCRIPTION:
850 PCS 3/4" HEAVY HEXAGONAL NUT

WE HEREBY CERTIFY THE ABOVE PARTS HAVE BEEN MANUFACTURED IN THE U.8.A. WITH DOMESTIC STEEL. WE FURTHER CERTIFY
THAT THIS DATA IS A TRUE REPRESENTATION OF INFORMATION PROVIDED BY THE MATERIALS SUPPLIER, AND THAT OUR
PROCEDURES FOR THE CONTROL OF PRODUCT QUALITY ASSURE THAT ALL ITEMS FURNISHED ON THIS ORDER MEET OR EXCEED
ALL APPLICABLE TESTS, PROCESS, AND INSPECTION REQUIREMENTS PER ABOVE SPECIFICATION.

TR No. 612061-08-01 165 2024-02-06



Unigtite, Inc.
o UNYTITE INC.  Pon Lersss
{ . Tu, s
Umwnﬂwumnunmm usa cusltomer Shlpper
Tel 815-224-2221
Fax 815-224-3434

Bill/Ship To: Rockford Boit and Steel Co. Shipper No: 72877
126 Mill St.
Rockford, IL 61101 Il

Buyer: Rockford Bolt and Stee! Co. |ﬁl|| mulll'l"ll' El’
Ship Date: 4/13/20

Carrler;: A&B/Dobhm -~ -
Trailer No:

Shipping Tracking No: steel nuts
Freight Terms: Colfect

Class or Rate: 50
Pallets: 3
Cust Customer
PO Rel | PartNo |Rev Part Name Part No Rev| EotNo, Contalners  |ShipQty| Net Gross .
P39289 2120120 ASTM A563 Heavy Hex Nut;  |A583 3/4-10+0.020 32205~ (27) Keg (Gan|  27,000| 4,860 ibs| 4,057 Ibs
Grade DH, Hot Dipped Galv, |DHHHN HDG BLUE 76078628 wiid) '
YE

Driver Signature

K '1 m Packing Slip

Eubject to Unytite Inc, Standard Terms and Conditions of Sale, Document Number 13-002, dated 08-08-06. Document Is subject

change without notice,

Flex 4/13/20 11:32 AM pkupperschmid Page 2

TR No. 612061-08-01 166 2024-02-06



Peru, IL. 61354

E Tel 815-224-2221
INNOVATIVE FASTENING SYSTEMS Tel 0102202221

UNYTITE INC. Zisiom \coe cTion CERTIFICATE

Customer: Rockford Bolt and Steel Co. - Ship To:
Customer Part No: ' .
Custonter PO No:  P39289 Shipped Gty:

Lot Number: 32205-75078628

Part No: A563 3/4-10 +0,020 DH HHN HDG BLUEDYE

. ASTM A563 Heavy Hex Nut, Grade DH, Hot Dipped
Desaription: . Giue Dye

Manufactured Quantity: 124,752

| Specification Amend Specification
IASME B1.1 2003 IASME B18.2.2 15
IASME B18.2.8 {2019 IASTM AS63 15
IASTM F2320/F2326M 2015 IASTM F606/606M 12019
IABTM FB12 2017

Test No: 21694 Test: AG63 DH Mechanical Properties

Temporing T (800 |Proof Load 3 ASTM| Shape & Dimension Thread Precision  |Visual ASTM
Hardness mnc)l e F Mo in L28) ASME 81822 ASME B181.1 FB12

50,100

R T K i R
th the |atest revisions of the methods prescribed in the applicable SAE and ASTM Specifications.

a samples tesied conform the specifications as described/iisted ahove and were manufactured frae of mercury contamination end there Is no welding
erformed In the production of the products. No heats to which Blsmuth, Selenium, Tellurium, or Lead was Intentionally added have been uged to produce

@ stael was melted and manufaciured in the U,S.A. and the product was manufactured and tested in the U.S.A.

e certify thet this data is ¥rue reprasentation of information provided by the material supplier and our testing laboratory. This certifled material test report
e to the Rems listed on this document and may not be reproduced except in fidl,

1

2820
Thorsen, Ghlsalpﬂrvhnr Quality Date
Plax 3/26/20 10:66 AM cthorsen Page 1
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3] GERDAU

CERTIFIED MATERIAL TEST REPORY

CUSTOMET ORTER IRABER CUSTOMER PARTMAEER AT WRAER YORK ORDZR NSRMR DA
P008A4E B10458€1.0000 75078628 |334801 101 | 1/28/20
' 240mm Bloom T
REPORT TO . siae Y0 :
UNYTITE INC o UNYTITE, INC 5
ONE UNYTITE DRIVE LASALLE PLANT ;
- 325 CIVIC RD
PERU , IL 61354-9710 LASALLE , IL 61301
ORDERED
GRATE ] LewsT
1045 1 RND 24 10 1/2®

CUSTOMER SPECHFTATIONS .
SAR 1045; ASTM B381-17; RMS 021 REV 3 DATED 09/17/19 !

BACK 1 1 1

DECARB SPECIFICATION ASTM E1077 RMS 021 REV 3
F TOTAL= 0.009

REDUCTION RATIO PCIFICATIOI;I RMS 021 REV 3

RATIO= 113.7 TO 1.0

RESIDUAL MAX SPECIFICATION RMS 021 REV 3
Ni+Cr = 0.1630

** MATERIAL 100% MELTED AND MANUFACTURED IN THE U.S.A. BY THE ELECTRIC
ARC FURNACE AND CONTINUOUS CASTING METHOD., THE PRODUCT HAS NOT
BEEN REPAIRED BY WELDING AND THIS MATERIAL HAS NOT BEEN EXPOSED
TO MERCURY OR TO ANY OTHER METAL ALLOY THAT IS LIQUID AT AMBIENT
TEMPERATURES DURING PROCESSING OR WHILE IN OUR POSSESSICN. GERDAU MONITORS
ALL INCOMING SCRAP AND ALL HBATS OF STEEL TO ENSURE THAT PRODUCTS SHIPPED
ARE FREE OF RADIOACTIVE MATERIAL. MATERIAL IS 100% RECYCLABLE.

_PAGE 2 OF 2 i
We certify that these data are correct and in compliance with specified requirements. _
Gerdau Monros
3000 East Front Streat (Bt{ . FeDageiordesom
| Moneoe, M| 48181 "
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@l NUCOR-YAMATO STEEL CO. CERTIFIED MILL TEST REPORT
——— - P.0, BOX $228: BLYTHEVILLE, AR 72316 100% Melted and Manufactured In U.S.A
Bill of Lading All Shapes produced by Nucor-Yamato Steel are cast and rolled to a fully
Customer No. killed and fine grain practice
Customer P.O -nsuz | Dite 20184211 '
: 'CONTRACTORS STEEL €O ; CONTRACTORS STEEL COMPANY ASTM AS92/A992M-11 AST2/AST2M GRSC-15|
EIN RD. | ASTM AT09/A709M-15 GRSO (345} |
L {36555 AMRH p SCHOONER DR, | ASTM AT09/A709M-15 GRSOS (3455)
LIVONIA M| 48150 BELLEVILLE MI 48111 imw‘n_u SOWM (345 W)
Tlusa T lusa | ASTM As7ASM-14
i — Fr——— |
Chemical Properties
Tenshe Charpy Impact
. Yield to | Tiwe srngn Srngh ELONG
tterdd Item Description H I Ene
i AT Heat® | emsie Tomp fmpactenergy oc ! c wn | p | s | 9| c|m|e|me|v]e]|alsm|rm
Rato |81 ] % F fi Ibf
MPa MPa % °C J
W27X1610 56 7] %
S0ft0kh o 56 7 7
1 WE90X240 1| 439022 079 83 487 08 | L11| 013|027 20 | 31| 13| 16 | 04 | 01 | 021 34 | 01| a7
{15.24 m) 386 490
W30X173.0 54 w0 28
50ft0in 0.1 55 n 28
2 [\veoas? 1) dassa | ool ok Pt 08 | 130|008 021 22| .26 | 09 | 09 | 02| 01| 025 31| .00 26
{15.24 m) ] 450
[FLONGATION BASED ON 8.0 INCH BAUGE LENGTH CARBON EQUIVALENT CE» C+Mn/GHCr+Mo)/S+NHC)/15
Pom= C45H/304Mn/20+Cu/20+NI/60+Cr/204Ma/ 154V 10458{B=Approx ,0005) Mercury has not baen used in the direct manufacturing of this material
Eorrosion Index= 26.01{%CuH-3.88{%NiJ+ L 2{%Cr}1.49(%SI}+17.28(%P)-7 29{%Cul%NT- This material duced in d with the Nucor-Ye Steel Quality Manual,
. 10{%NH{%P}-33.39(%CujA2
150 9001:2015 certified (Registration ¥ 0985-07).
All testing is perft d by the Quality Testing Lab, whichis Independent of the prod d
The Charpy striker used by Nucor-Yamato Steel {0.315)striker (KV,y) per ASTM A370 Section 22.1,2 and IS0 148-1 Section 7.3,
1 herebry certify that the contents of this report are accurate and
correct. Al test results and cperations performed by this material State of Arkansas
£

manufacturer are in with the County of Mississippl

material and wh d by the , Sworm ta and subscribed before me
mest the apphicable specifications.

Chief Metaliurgist 7 Deak '\‘@'D \

an 2018-12-11
My commisslon expires on 07/17/2023
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OLYMPIC STEEL
5080 RICHMOND ROAD

BEDFORD HEIGHTS, OH 44146 USA
PHONE: 216-292-3800

METALLURGICAL TEST REPORT

PP

CERTIFICATE OF ANALYSIS AND TESTS

<LLCCE
Sold To: AMERICAN TIMBER AND STEEL Ship To:  AMERICAN TIMBER AND STEEL
4832 PLANK RD. 4832 PLANK RD.
NORWALK, OH 44857

NORWALK, OH 44857

Sales Order: 614083 . 01

B/L No: 983730 Release: 2

Date: 20-May-2020
Reference:  FORRAI, HALLIE (11855) 2nd B/L:

CusOrd# 21885
Cus Name: AMERICAN TIMBER AND STEEL
Description of Material and Specification
Hot Rolled Sheet AG06/606 TAG# 27718329
375N x 48IN x 192IN

HEAT#: 32016780/STEEL DYNAMICS, INC. - FLAT ROLLED
MC # 27699054
MS # 20B528734

Chem Elem Symbol / Elem Content Valus:

<C:.05> <MN: 86> <P:.02> <S;.001> <5
<CR: 43> <MO:.02> <N:.009> <TI:

45> <AL :.035> <V:.031> <CB:.002> <ClJ:.33> <NI:.16>
001> <B:0> <CA:.002> <ZR: Q008> <PB:0> <SN: 006>

YIELD STRENGTH MIN: 60800 PSi MAX 60800 PS|
TENSILE STRENGTH MIN: 76100 PSI MAX 76100 PSI
ELONGATION 2" MiN: 34 % MAX M %

We hereby cerlify the above is correct as contained in the records of the corporation

\

Branch Certification Manager
USER: REPORTS @ SEMSPO1
REPORT: ST_MSR_OS!

20-May-2020 4:44 AM
Page 10of 2
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Birmingham Fastener Manufacturing

P.0. Box 10323
Birmingham, Alabama 35202
(205) 595-3512 Pglofi

Certificate of Compliance

Customer : AMERICAN TIMBER BFM # : 1579744

P.O. #: 19191 Date Shipped : 5/10/2019

Ttem |Quantity Description Lot # Heat # Specification Finish
1 519 5/8"-11 x 12" Carriage Bolt 92212 | DL18104710 ASTM A242 Plain

Birmingham Fastener Manufacturing. hereby certifies that the material
furnished in reference to the above purchase order number will meet or exceed
the above assigned specifications.

Signed: / /%\ Date:  06/05/2020

Cody Calvert

TR No. 612061-08-01 171 2024-02-06



NLUICOR Mill Certification MIR#: C1.466062
NUCOR CORPORATION 4/23/2019 DARLINGTON sc 29540
NUCOR STEEL SOUTH CAROLINA Fax: fMS; 395-8701
Sald To:  BIRMINGHAM FASTENER & SUPPLY hip To: B
TR Ship To: géﬁ‘“ﬂ&?ﬁ“” FASTENER & SUPPLY
2'?”?? Q%F:{!%Mi Al 35202-0323 PO B?X $8ing
N L
ax: (205) 591-0244 %lggf SSGHAM A
ax. (205) 591-0244
Customer P.O.| 8179624 Sales Order | 301893.7
Product Group | Marchant Bar Quality Part Number | 30000563480DEQO
Grade | A242BF - ASTM A242-03 Lat# | DL1810471001
Size | 9/16" (.5625) Round Heat# | DL18104710
Product | 9/16"{(.5625) Round 40' A242BF B.L. Number | C1-784104
Description | A242BF Load Number | Ct-466062
Customer Spec Customer Pant #
1 hareby certify Ihat the matarial described harein hag besn d in with the fications and listed above and thal it salisfies thosa
Roll Date: 7/19/2018  Melt Dato: 7/15/2018  Qty Shipped LBS: 7,208  Qty Shipped Pes: 213
Melt Date: 7/15/2018
c Mn Vv Si S P Cu Cr Ni Mo Cb
0.15% 0.90% 0.0120% 0.18% 0.028% 0.014% 0.32% 0.78% 0.26% 0.026% 0.003%

Roll Date: 7/119/2018

Yield 1: 52,000psi
Elongalion: 35% in 2"(% in 50.Bmm}
Elongation 22% in B"{% in 203,3mm)

Tensile 1: 82,000psi
Yigld 2: 52,000psi
Elongation: 34% In 2"(% In 50.8mm) - test2

Elongation: 23% in 8°(% in 203.3mm}
Tensile 2: 83,000psi

Specification Comments:

1, WELDING OR WELD REPAIR WAS NOT PERFDRMED ON THIS MATERIAL
2. MELTED AND MANUFACTURED [N TH

3. MERCURY. RADIUM, OR ALPHA SOURCE MATERIALS IN ANY FORM HAVE NOT BEEN USED IN THE PRODUCTION OF THIS MATERIAL

L » e

James H. Blew
Divisicn Metallurgist
NBMG-10 Oclober 1, 2017

TR No. 612061-08-01 172
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Birmingham Fastener Manufacturing

P.O. Box 10323
Birminglam, Alabama 35202
(205) 595-3512 Pglofl
Certificate of Compliance

Customer : AMERICAN TIMBER BFM # : 1628407

P.O. #: 20512 Date Shipped : 9/30/2019
Ttem |Quantity Description Lot # Heat # Specification Finish
1 869 3/4"-10 x 8 1/2" Carriage Bolt 86911 10592090 AWWACII11 Plain
4 10,545 5/8"-11 x 4" Hex Lag Screw 32361 10575880 AWWACII1L Plain

Birmingham Fastener Manufacturing. hereby certifies that the material
Sfurnished in reference to the above purchase order number will meet or exceed
the above assigned specifications.

Zaa

Brian Hughes

Signed:

TR No. 612061-08-01
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CUSTOMER NAME:

CUSTOMER PO:

LOT#: 32361

SPECIFICATION:

COATING: N/A

CERTIFICATE OF COMPLIANCE
ROCKFORD BOLT & STEEL CO.
126 MILL STREET
ROCKFORD, IL 81101
815-968-0514  FAX# §15-968-3111
BIRMINGHAM FASTENERS COMPANY

6221129

SHIPPER #: 067290

DATE SHIPPED: 09/23/2019

ASTM A307, GRADE A STEEL BOLTS, MADE WITH ASTM A242
WEATHERING STEEL

CHEMICAL COMPOSITION
MILL GRADE HEAT# o Mn P S Si Cu Ni Cr
NUCCR A242 10575880 a7 .55 010 .014 200 28 32 13
QUANTITY AND DESCRIPTION:
14,924 PGS 58" X 4" HEXAGONAL HEADED LAG BOLT
WE HEREBY CERTIFY THE ABOVE BOLTS HAVE BEEN MANUFACTURED BY ROCKFORD BOLT AND STEEL IN ROCKFORD, ILLINOIS.
THE MATERIAL USED WAS MELTED AND MANUFACTURED IN THE U.S.A. WE FURTHER CERTIFY THAT THIS DATA IS A TRUE
REPRESENTATION OF INFORMATION PROVIDED BY THE MATERIALS SUPPLIER, AND THAT OUR PROCEDURES FOR THE
CONTROL OF PRODUCT QUALITY ASSURE THAT ALL ITEMS FURNISHED ON THIS ORDER MEET OR EXCEED ALL APPLICABLE TESTS,
PROCESS, AND INSPECTION REQUIREMENTS PER ABOVE SPECIFICATIONS,
STATE OF ILLINOIS
COUNTY OF WINNEBAGO
SIGNED BEFORE ME ON THIS
9% DAY OF WW 20 L7 MWMM if/i/la
APPROVED SIGNATORY DATE
f Official Seal
Merry F Shana
> Notary Public State of iilinais
% My Commission Expires 10/03/2022
>
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CHARTER
STEEL

A Division of 4
Charter Manutacturing Company, inc.

CHARTER

STEEL

‘Meited in USA Manufactured in USA

Rockford Bolt & Steel

126 Mill St.
Rockford;IL-81101

Kind Attn :Linda McComag

EMAIL

1658 Cold Springs Road
Saukvilie, Wisconsin S3080
12632) 268-2400
1-800-437-8789

Fax [262) 268-2570

CHARTER STEEL TEST REPORT

Cust P.O. P38510

Customer Part # 100110
Charter Sales Order 70088529
Heat # 10575380;

Ship Lot # 4553057,

Grade A242 M SK FG 1Q 19/32 RNDCOIL

Process HRCC

Finish Size 19/32

Ship date 02-0CT-18

] hemhy osrufy that the matednl desa'lbad herain has been manufactured in accerdanca with the spacifications and standards listed below and that It satisfies

thesa of falsa, fictitious and fraudulent statements or entries on this document may bs punishable as a felony under faderai stafute.
Tost results of Heat Lot # 105756850
i.ah Coda; 7388
CHEM c MN P ] sl NI CR MO cu - SN v
%W 07 58 L0 014 200 32 73 03 23 007 001
AL N Tl NB '
027 0080 0002 .bod 001
Test results.of Rolling Lot ¥ 1263503
REDUCTION RATIO=108:1 -
Spacifications: Manufactured per Charter Steal Quality Manual Rev Date 0511217

Charter Steel certifies this product is indistinguishable from background radiation levels by having process radiation
detectors in place to measure for the presence of radiation within our process & pmducm-

Muets customer specifications with any applicable Charter Steel tions for the g cust 4
Customer Dotument = ASTM A242/A242M -13 Revision=  Dated = O01-MAY-13
Additional Comments: :
WMelt Sourca; ; T
Charter Sial This MTR supersedes a_ll previously dated MTRs for this order
Saukville, Wi, USA ‘
) Janlce Barnard Division Mgr, of Quallty Assurance
barnardJ@chartersteel.com
Trip: 1311283 Testing Liboratory Printed Dats : 10/02/2018
TR No.612061-08-01 175 2024-02-06



The following statements are applicable to the material described on the front of this Test Repart:

1, Except as noted, the steel supplied for this arder was melted, rolled, and processed in the United States meeting DFARS
compliance, LEEDS compliance, REACH compliance, ROHS-WEEE compliance, and Confiict Materials Restrictions.

2. Mercury was not used during the manufacture of this product, nor was thé stee! contaminated with mercury during
processing.

3. Unless directed by the customer, there are no welds in any of the colls produced for this order.

4, The laboratory that generated the analytical or test results can be identified by the follawing key:

Certificate|Lab :
Number |Code |Laboratory . |Address
035801 [7388 |CSSM |Charter Steel Melting Division 1658 Cold Springs Road, Saukville, WI 53080
0358-02 (8171 |CSSRI [Charter Siee! Rolling! Processing Division |1658 Cold Springs Road, Saukville, W1 53080
CSSP
0356-03 |123833 |CSFP . [Charter Steet Ohio Processing Division  [6255 US Highway 23, Rising Sun, OH 43457
0358-04 |125544 |CSCMI [Charter Steel Cleveland 4300 E. 49th St., Cuyahoga Heights, OH 44125-1004
CSCR
" [ - Subcontracted test performed by laboratory not in Charter Steel System

5. When run by-a Charter Steel laboratory, the following tests were performed according io the latest revisions of the
specifications listed below, as noted in the Charter Steel Laboratory Quality Manuai:

CSSKR/ cscm
Test [specincations cssm | CSsP | CSFP | CSCR
Chemistry Analysis’ IASTM E415; ASTM E1019 X X
Macroetch ASTM E381 X X
Hardenability (Jominy) IASTM A255; SAE J408; JIS G0561 X X
Grain Size . ASTM E112 b4 X X X
Tensile Test ASTM E8; ASTM A370 X X X
Rockwelll Hardness ASTM E18; ASTM A370 X X X X
Microstructure (spheroidization) ASTM AB802 X X
Inclusion Content (Methods A, E)  |ASTM E45 ' : X X
Decarburization ASTM E1077 X X X

Charter Steel has been accredited to perform all of the above tests by the American Association for Laboratory Accreditation
{A2LA). These accreditations expire 01/31/19. All other test resuits assgciated with a Charter Steel laboratory that appear on
the front of this report, if any, were performed according to documented: procedures developed by Charter Steel and are not
accredited by A2LA.
6. The test results on the front of this report are the true values measured-on the samples taken from the production lot. They
do not apply to any other sample. i
7. This test report cannot be reproduced or distributed except in full without the written permission of Charter Steel. The primary
customer whose name and address appear cn the front of this form may reproduce this test report subject to the following
restrictions:
« |t may bedistributed only to their customers
s Both sides of all pages must be reproduced in full

8. This certification is given subject to the terme and conditions of sale provided in Charter Steel's aokno\lvledgement
{designated by our Sales Order nurber) to the customer's purchase on?er. Both order numbers appear on the front page of
this Report. : .

9. Where the customer has provided a spacification, the results an the front of this test report conform to that specification
unless otherwise noted on this test report. !
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INSPECTION CERTIFICATE

ROCKFORD BOLT AND STEEL CO.
126 MILL STREET
ROCKFORD, IL 61101
815-968-0514 FAX: 815-968-3111

LOT# 32688 PAGE 1 OF 1
THIS REPORT CONTAINS DATA THAT WAS PRODUCED UNDER THE
Batch Qty: 15,851 FOLLOWING SUBCONTRACTORS:
Sample Qty: 3 *Raw Mate G3 (GRAND BLANC) -ISO 9001:2015 #C2019-00846
Date of Manufacture: 02/11/2020 Not ISO 17025 Accreditated
SPECIFICATION: ASTM A325 2014, Specification For Structural Bolts CUSTOMER NAME: AMERICAN TIMBER & STEEL
‘Head markings: "A325 and "01AE" 4832 PLANK ROAD; P.0O. BOX 767; NORWALK, OH 44857
ASTM A153, Class C Hot Dip Galvanization
CUSTOMER PO#: 21451 SHIPPER¥ 068659
DESCRIPTION: 5/8" -11 x 4" Heavy Hexagonal Lag Bolt. DATE SHIPPED: 04/17/2020
QUANTITY: 15,648 CHEMICAL COMPQOSITION MILL CERT*
. HEAT # DL1810:
MECHANICAL PROPERTIES GRADE c Mn P S Si
PROOF ~ 1045 X100 X 100 X 1000 X 1000 x100
TENSILE LOAD HARDNESS
R SPEC. .43-.50 60-.80 040 max__.050 max 15-35
SPEC.: 120,000 psi "85000psi  HRC 34 MAX
ACTUAL 47 .68 .005 014 .21
ACTUAL: 133,200psl 85,100 psi 27.40
137,900 psi 85,100 psi 28.25
435,600 psi 85,100 pst 27.73
4/28/2020
APPRi DATE
THESE PARTS CONFORM TO ABOVE SPECIFICATIONS. WE HEREBY CERTIFY THE ABOVE BOLTS HAVE BEEN MANUFACTURED BY ROCKFORD BOLT & STEEL - B
IN QUR FACIITY IN ROCKFORD, ILLINGIS WiTH MATERIAL WHICH WAS MELTED AND MANUFACTURED A | fak FeY
Tension Testing: IN LSA WE FURTHER CERTIFY THAT THIS IS A TRUE 10N OF INF F ]" )
ASTM Feos BY THE MATERIALS SUPPLIER AND THAT OUR PROGEDURES FOR THE GONTROL OF PRODUCT : TEBTING
Proof Load Testing: QUALITY MEET OR EXCEED ALL APFLICABLE TEST, PROCESSES, AND INSPECTION REQUIREMENTS ™~ o o .
- ASTM F608 PER THE ABOVE SPECIFICATION. THIS REFORT MAY NOT BE REPRODUCED EXECEPT IN FULL, WITHOUT NVLAP LAB CODE 200255-0
Hardness Testing: THE WRITTEN APPROVAL OF ROCKFORD BOLT. THE REPORT MUST NOT BE UBED BY THE CLIENT TO /‘ R g
ASTM Fg08 CLAIM PRODUCT CERTIFICATION, APPROVAL, OR ENDORSEMENT BY NVLAP, NIST, OR ANY AGENGCY / 4 '
OF THEU.S. GOVERNMENT, ] ~
“THIS INFORMATION IS NOT COVERED BY ROCKFORD BOLT AND STEEL'S NVLAP ACGREDITATION. _;" ;. ;’ - T
- ‘, i . . .
”,
-/U f g ,){; *



PACKING LIST
Worth Steel and YSMaghinery, inc :

AR TR nTrA s

MRz nar W IR
Algy 1L BOBEY Shity Date AR
708-488-5300 Fax 708-386-0457 Page: .
v wOrthistesi.com ’ ’

Cusiomer Phong,  248-924-3192
Customer Fax,  243.524-0408

B 53 Steel Group

) 1465 Brown Road
Crien, Mt 43358-2267

L usa

]
15

Rocidord Boit & Stee!
125 Mili Street
Roekforg, 1L 611401
usa

oI W

ATTM: Ron Nowak ATTN: Ron Nowak

M

 CUSTOMER MAT.

Langﬁx Folerance +1 GO 000"

8,000 Ibs Max. Biindles’ .
R Spray
11 Bundies
Ta Mg { Frenghe, Dave Filles T
NSUTANCE '
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ML

NUCOR CORPORATION
HOBOR STELL poUTH SARDLMA

30LD T0: 000

63 STEEL GROUP

ATTH. STEVE #E0N

1465 BROW RGID
OKION, M {8359-.336
(248) 534- 4352

Nucor Smd‘ s«:um Carcling
300 Steal Wi Road
SARUNGTOH‘ sC “9545
342353584

SHIP TJ: 3065

Worth Steel & Machinery
4001 . 123rd 5¢
Alslip, 1L 60803

Preight Bode: Truck

51 RARSHT BiLl OF LADING - N7 aEGUTIRALE

page: 1 of 3

Bill of Laging No.:
182750 Rav &
SIGKED! 4-08-2018 154 PR
PRINT: S-Apr-2018 6:11 P
Si0P: 04002018 K10 W

| OYR ORDER WUMBER

Ses Belowe

Crsaasy

fagll. 2 :  DIADISORISTS o pEE 3 f (&5
ot s ¢ eliws wn 8 N -
agd 4 ¢ SEdxpvEmins TE 4y 3T s}
L . . et 4 : B
Pagh & : DRISNANRTETE oy g-: 3 4359,
, ! Syt o
Tagd 6 : DXRSLAGHISTI log I aE Aags
R . :
Magh 7 DHSEYBHEYSR o€ 45 3 P
, , Rigni; 41
Tagk B BLISLI0RI5RL Bﬁ :2 Pleded: ¥ %2
Tagh 9 : DLISLEYIYSER Tot §: Plecen: 2 4,282
Beat 3
ﬂ‘-lg# 10 : DLIBIZORTEE3 Jat 8 plecesa L 44389
deat #: i
5M8 (.§250) Wire Wod Col) 1044088 - Contlmusd szo006zseOODERR |
Lo i
ﬁwﬂ‘ IR e MRS N L HOCE NOVA ;ﬁ% W“#
dmmd above o s ...muu- 0§ ponain of mﬁuu W SRR, G
s "% 1y mm o e S ;
ﬁf@m ‘:ﬁﬁm‘ HFI. 5«"3%@%%m
v Gonjes Ceifeation:
it 4ok 3 cgcsipt of LY
w?w%mmd :.bl&lla lh . &_:‘jd‘
rer

SRR
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ML

HAUCDR CORPORATION

i Sertfication
- IBI2GTE

KUYPCOR STEEL BOWTH CAROLINA

e 32 8Tef SRUUE

+ ENERENE
1455 BROWN ROAD
'Jﬂal_d Mi 48356, 206

Fax, G55y 240408

g Fe 33 STEEL GROWF
*482 EROWN R

ORMON 1 48358 38

Cuglomer #,0 ¢ IKE 58760 -

Sales Crder | J0B544.1

Product Sroup : Rod

Part Number | 32000625000DYAA

Graoe | 1045

tol# | OLIBICH0S303

Size | S/8*(6250) Wire R

Heat# | 0L18105083

: Produet | 5/B" (:5260) Wire Rat Coll 1045GGF

B Number | C1-732750

{ Destription | 1048CEP

Load Number ¢ C1-484227

| Gustomer Spec |

Gustamer Part #

- IRy carky het -

s

i # e

Rali-Dows: 5142010 Maft Siate; TIS112048 Oty Shipped LBS: 48771

i g yraans KEUED Bhove 400 haln SVHiS fhow spokTents

e

Oty Shigpod Fes: 11

R Date . TEIDTE

o W [ 4
BT 0.58% 0.008%

A B M
o0o2% oGNS CoiEME

5 51 v Fh ) Cr
O0M%  02%%  008S0%  0,08% 2.07%

m“o o i .
o=

DOV ’

Mo

CRMCRIGH Gr + My + Mitr
Rotl Diaber a4 112014

i Temstie 1100bps

Max Tansfie1 7008081

Redudfon of Arei 2%

Spacification Gorrvnents:

VR R

NOT PERFORMED ON T d
TBE Uaa 4 S MATERIAL

1 NG
L BRI RS .
3 MERCURY, M, OR ALPHA SOURCE MATERIALS IN ANY FORR HAVE NQT BEEN USED IN THE PRODUGTION OF THIS MATERIAL
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/ ]'.l_'exﬂs A&M Doc.-No.f Issuc Date:+|
ransportation T 3.01-C -ete- 1 *
Al |nstitute QF ?'g 01 E,Dllfl LA03 OF-7.3-0ic 2018-06-18c

Pravim =T | L & ARM-Liniversity] e

3100 5H 47, Bldg 7081Y Cage Station, T TTB43Y Ampungo

Brgan,-TX-TT207 Phone-0T0-245-8378

T - Prepared-by: ‘Wanda-L._-MengesY Revision -+ | Page r

I Q“" l"} Formo Approved-by:-Darrell L -Kuhns 6 1-of-1o

|

Project No: 612061-3 and 4

Mame of Technician

Casting Date:

Mame of Technician

4/30/2020 Mix Design (psi): 4000 psi

Taking Sample Teracon Breaking Sample Teracon
Signature of Signature of
Technician Technician Breaking
Taking Sample Teracon Sample Teracon
Load No. Truck No. Ticket No. Location (from concrete map)
T1 8162 6038645 100% of deck
Load No. Break Date Cylinder Age | Total Load (Ibs) |  Break (psi) | Average

See attached Reports from Terracon

TR No.612061-08-01

182

2024-02-06




/M

Martin
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CUSTOMER'S COPY

" Martin Marietta

1503 LBJ Freeway

Suite 400

\

Dallas, Tx 75234

g

LOAD TIME

BEGIN POUR

s
FINISH POUR

LEAVE JOB SITE

ARRIVE PLANT

To4o8

.

-

.

WATER ADDED ON JOB AT CUSTOMER'S REQUEST
ALLOWABLE WATER (withheld frorn batch)
TESTCYLINDER TAKEN OYES [QNO BY

GAL.
GAL.

CYLINDER TAKEN O BEFORE ) AFTER WATER

ADDITIONAL WATER ADDED TO THIS CONCRETE WILL REDUCE
ITS STRENGTH. ANY WATER ADDED IN EXCESS OF SPECIFIED

SLUMP IS AT CUSTOMER'S RISK.

CUSTOMER SIGNATURE
X

DELIVERY OF THESE MATERIALS IS SUBJECT TO THE TERMS ANI
CONDITIONS ON THE REVERSE SIDE HEREOF AS ACCEPTED B'
SIGNATURE ABOVE .

CUSTOMER NAME AND DELIVERY ADDRESS PLANT TRUCK ORDER NO. SLUMP P.0. #JOBALOT GRID
¥
mmw: DATE
l - OUSTOu.ﬂ NUMBER PROJECT CumMm. ary ORDERED aTY
LOAD QUANTITY PRODUCT CODE DESCRIPTION * UNIT PRI@ AMOUNT
Q70 (A ‘ f" LG e e O
e
SPECIAL DELIVERY INSTRUCTIONS SALES TAK
TOTAL
DANGER! MAY CAUSE ALKALI BURNS. v =i — .
SEE WARNINGS ON REVERSE SIDE ; FOR OFFICE USE onLY FORM: 3
> = -
f 2
- v s
n*g'_ By —
A
. i e
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CONCRETE COMPRESSIVE STRENGTH TEST REPORT

Report Number: ATITIOS7.0113 1rerracon

Service Date: 04/30:20 6198 Imperial Loop
Report Date: 07/08/20 Revision | - College Station, TX 77845-5765
Task: PO #612061 979-846-3767 Reg No: F-3272
Client Project

Texas Transportation Institute Riverside Campus

Attn: Gary Gerke Riverside Campus

TTI Business Office Bryan, TX

3135 TAMU

College Station, TX 77843-3135 Project Number: A1171057
Material Information Sample Information

Specified Strength: 4,000 psi @ 28 days Sample Date: 04/30/20  Sample Time: 1143

Sampled By: Matcek, James

Mix 1D: R9z40625 Weather Conditions: Sunny

Supplier: Martin Marrieta Accumulative Yards: 5.0 Batch Size (cy): 3

Batch Time: 1030 Plant: 617 Placement Method: Direct Discharge

Truck No.: 8162 Ticket No.: 6038245 Water Added Before (gal): 0

. Water Added After (gal): 0
Field Test Data Sample Location: (&b Centerline

Test Result Specification Placement Location: Merritt Parkway

Slump (in): 41/2 Not Specified

Air Content (%): 1.7 Mot Specified

Concrete Temp. (F): 79 40 - 95

Ambient Temp. (F): 70 A - 93

Plastic Unit Wt (pef): 150.2 MNot Specified

Yield (Cu. Yds.):

Laboratory Test Data

Ageat  Maximum  Compressive

Set  Specimen Avg Diam.  Area Date Date Test Load Strength Fracture Tested
No. 1D (in) (sq in) Received Tested (days) {lbs) (psi) Type By
1 A 6.01 28.37 05/01/20 06/01/20 12 136,210 4 800 3 SLS
1 B 6.01 28.37 05/01/20 06/01/20 12 142,080 5,010 1 SLS
1 C 6,01 28.37 05/01/20 06/01/20 32 138,130 4,870 2 SLS
Average (32 days) 4,890
1 D 05/01/20 Hold
Initial Cure: Ouside Final Cure: Field Cured

Comments: Average compressive strength of 32 day cylinders complies with the specified strength.

Samples Made By: Terracon

Services: Obtain samples of fresh conerete 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).

Terracom Rep.: Matcek, James Start/Stop: 09453-1213
Reported To:
Contractor: .
l‘:lp':‘:::'i !rjl::f[:::?:fu:c;:.l.ﬂmu. Ciary Gerke {1} Terracon Consultanis, Ing,, Alex Dunigan, P.E Rcviewcd “}.: s ,L‘_‘_

1) Texas Tramsportation Instaoute, Bill GrifTith Mﬁder)ﬁunigan

Project Manager

Test Methods: ASTM C 31, ASTM C143, ASTM C231, ASTM Cl064

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 cur company. Test results transmitted herein are only applicable to the
aclual samples tested al the location(s) referanced and are nol necessarily indicative of the properties of other apparently similar or identical matenals.

Page 1 of 1

ORI, 11-08- 12, Rev i

TR No. 612061-08-01 184 2024-02-06



/ Texas A&MW Doc.-NoT Issue-Date:+|-
< Transportation EERNIIITS ete- 1 +
A [nstitute QF-7.3-01::Concrete QF7.3-015 | 2018-06-18=
Praving Ground]  Tosps ABM Universitd] Sa [“l]l[ugf}
3100 ‘:-I_ -1._‘_d.|n%-’3|1111 Collepe Er__'lﬂon _?E--‘ B4
Brvan, TH-77807 Fhons 979-845-8375 1
- itv.-Tor Prepared-by: Wanda 1. -MengesT Revision:+ | Page:f I
Quality-Formo Approved-by: Darrell L. Kuhn= o lofl=
|
Project No: 612061 Casting Date: 5/22/2020 Mix Design (psi): 4000 psi
Mame of Technician Mame of Technician
Taking Sample Teracon Breaking Sample Teracon
Signature of Signature of
Technician Technician Breaking
Taking Sample Teracon Sample Teracon
Load No. Truck No. Ticket No. Location (from concrete map)
Tl 8120 6080436 Anchor Block, Parapet, and terminal Curb to barrier
Load No. | Break Date | Cylinder Age | Total Load (lbs) | Break (psi) | Average

See attached Reports from Terracon
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CUSTOMER'S COPY

Martin Marietta

TICKET NO.

Varetic b
Dallas, Tx 75234
Q1 LR
LOAD TIME TO JOB ARRIVE JOB SITE BEGIN POUR » me : LEAVE JOB SITE ARRIVE PLANT
: ¥ :40| 9 00 . . . .
GAL. CUSTOMER SIGNATURE

WATER ADDED ON JOB AT CUSTOMER'S REQUEST

ALLOWABLE WATER (withheld from batch)
TEST CYLINDER TAKEN O YES  LINO
CYLINDER TAKEN

X

BY

JBEFORE J AFTER WATER
ADDITIONAL WATER ADDED TO THIS CONCRETE WILL REDUC

ITS STRENGTH. ANY WATER ADDED IN EXCESS OF SPECIFIED

DELIVERY OF THESE MATERIALS IS SUBJECT TO THE TERMS ANI
CONDITIONS ON THE REVERSE SIDE HEREOF AS ACCEPTED B)

g SIGNATURE ABOVE .

SLUMP IS AT CUSTOMER'S RISK.
CUSTOMER NAME AND DELIVERY ADDRESS PLANT TRUCK ORDER NO. SLUMP P.O. MJOBALOT GRID
DRIVER NAME DATE -
CUSTOMER NUMBER PROJECT CuM. orY ORDERED GTY
LOAD QUANTITY  PRODUCT CODE DESCRIPTION UNITPRICE AMOUNT
SPECIAL DELIVERY INSTRUCTIONS SALES TAX
TOTAL

DANGER! MAY CAUSE ALKALI BURNS.
SEE WARNINGS ON REVERSE SIDE.

FOR OFFICE use onLy FORM:
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CONCRETE COMPRESSIVE STRENGTH TEST REPORT

Report Number: ALITI057.0118 1 rerracon

Service Date: 05/22/20 G198 Imperial Loop
Report Date: 05/22/20 College Station, TX 77845-5765
Task: PO 612061 979-846-3767 Reg No: F-3272
Client Project
Texas Transportation Institute Riverside Campus
Attn: Gary Gerke Riverside Campus
TTI Business Office Bryan, TX
3135 TAMU
College Station, TX 77843-3135 Project Number: A1171057
Material Information Sample Information
Specified Strength: 4,000 psi @ 28 days Sample Date: 05/22/20 Sample Time: 0907
Sampled By: Jacob Epps
Mix ID: R9Z40625 Weather Conditions: Cloudy, windy
Supplier: Martin Marietta Accumulative Yards: 4/4 Batch Size (cy): 4
Batch Time: 0829 Plant: 617 Placement Method: Direct Discharge
Truck No.: 8120 Ticket No.: 6080436 Water Added Before (zal): 0
. Water Added After (gal): 0
Field Test Data Sample Location: Bottom 1/3 of guard rail wall
Test Result Specification Placement Location: Merritt Parkway guard rail wall,
Slump (in): 334 Not Specified anchor, and terminal curb sections
Air Content (%s): 1.5 Not Specified
Conerete Temp. (F): B8 40 -95
Ambient Temp. (F): 54 40 -95
Plastic Unit Wt (pef): 148.4 Not Specified
Yield (Cu. Yds.):
Laboratory Test Data Ageat  Maximum  Compressive
Sel  Specimen  Avg Diam.  Area Date Date Test Load Strength Fracture Tested
No. 1D {im) (sq in) Received Tested (days) (lbs) (psi) Type By
1 A 6,00 28.27 05/26/20 070720 46 F 149,250 5,280 2 SIS
| B 6.00 28.27 05/26/20 07/07/20 46 F 161,690 5,720 6 SLS
1 C 6.00 28.27 05/26/20 07/07/20 46 F 161,630 5,720 2 SLS
1 D 05/26/20 Hold
Initial Cure: Outside Final Cure: Field Cured
Comments: F = Field Cured
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.: Jacob Epps Start/Stop:  D800-1030
Reported To:
Contractor: B
R:‘?FI?::; -;')1-:::||\:r|i..1:7::\.?2|‘|l\|l¢. Gary Gerke (11 Terracon Consultants, Inc., Alex Dunigan, PJE, Reviewed “F*
1) Texas Transpoctation Instiute, Bill Griffith Meﬂ'riﬁacr uni.l_-.'ﬂ“

Project Manager

Test Methods: ASTM C 31, ASTM C143, ASTM C231, ASTM Cln4

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 locationis) referenced and are not necessanly indicative of the properties of other apparently similar or identical materials.

Page 1 of 1

CRIML, 11-16-12, Rev h
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/ Texas A&M Doc.-No ¥ Issue-Diate:+ |-
<= Transportation 7T 30 O N T +
Al (nstitute QF-7.3-01:%oncxete QF73-01= | 2018-06-183
Proving Groundl] Topgs AN Universing banlphugn
3100-5H 47 Rg TONY Caflege Stafian, TX LA |
Bryan,-TX-Tra0T FPhone-#7T#-845-8375
- .. . Prepared by -“Wanda L. Mengesy Revision: -+ | Page: C
Quality-Formo Approved by: Darrell L. Kuhn= 6 1-0f 1=
I
Project No: 612061 Casting Date: 6/11/2020 Mix Design (psi): 4000 psi
MName of Technician Name of Technician
Taking Sample Teracon Breaking Sample Teracon
Signature of Signature of
Technician Technician Breaking
Taking Sample Teracon Sample Teracon
Load No. Truck No. Ticket No. Location (from concrete map)
T1 9019 6113686 100% of curb
LoadNo. | BreakDate | Cylinder Age | TotalLoad (lbs) | Break (psi) | Average

See attached Reports from Terracon
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CONCRETE COMPRESSIVE STRENGTH TEST REPORT

Report Number: Al1T1057.0120

1lerracon

Service Date: 06/11/20 6198 Imperial Loop

Report Date: 06/11/20 College Station, TX 77845-5765
Task: PO #612061 979-846-3767 Reg No: F-3272
Client Project

Texas Transportation Institute
Attn: Gary Gerke

TTI Business Office

3135 TAMU

College Station, TX 77843-3135

Riverside Campus
Riverside Campus
Bryan, TX

Project Number: A1171057

Material Information

Sample Information

Specified Strength: 4,000 psi @ 28 days Sample Date: 06/11/20 Sample Time: 1200
Sampled By: Randolph E. Rohrbach
Mix 1D ‘Weather Conditions: Clear, light wind
Supplier: Martin Marietta Conc Accumulative Yards: W7 Batch Size (cy): 7
Batch Time: 1037 Plant: Placement Method: Direct Discharge
Truck No.: 9019 Ticket No.: 6113686 Water Added Before (gal): 0
. Water Added After (gal): 0
Field Test Data Sample Location: Center section
Test Result Specification Placement Location: Barricade curb
Slump (in): 212
Air Content (%):
Concrete Temp. (F): 89
Ambient Temp. (F): 87
Plastic Unit Wt. (pef):
Yield (Cu. Yds.):
Laboratory Test Data Ageat  Maximum  Compressive
Set  Specimen Avg Diam.  Area Date Date Test Load Strength Fracture Tested
No. ID {in) (sq in) Received Tested (days) (Ths) (psi) Type By
1 A 6.00 28.27 07/07/20 07/07/20 26F 129,670 4,590 1 SLS
1 B 6.00 28.27 07/07/20 07/07/20 26F 134,650 4.760 2 SLS
1 C 6.00 28.27 07/07/20 07/07/20 26 F 123,560 4,370 2 SLS
1 D 07/07/20 Hold
Initial Cure: Outside Final Cure: Field Cured

Comments: Not tested for plastic unit weight. F = Field Cured

Samples Made By: Terracon
Services:

test compressive strength samples (ASTM C 31, C 39, C 1231).
Start/Stop: 1130-1315

Terracon Rep.: Randolph E. Rohrbach
Reported To:

Contractor:

Report Distribution:

{1 Texas Transportation Institute, Gary Gerke

{1 Texas Trangpartaten Institute, Bull Gnilith

{1 Terracon Cansultants, Inc,, Alex Dnigan, PE

Reviewed By:

Obtain samples of fresh concrete at the placement locations (ASTM C 172), perform required field tests and cast, cure, and

Test Methodds: ASTM C 31, ASTM C143, ASTM C231, ASTM C1064
The tests were performead in general accordance with applicable ASTM, AASHTO, or DOT test methods. This repart is exclusively for the use of the clisnt

Fefexander Punigan
Project Manager

TR No. 612061-08-01

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 lested al the lecatlon(s) referenced and are not necessarlly Indicative of the properties of ather apparently simlilar or identical materials.

Page 1 of 1
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/; _}'exas Aﬁﬂft. Pcc. No 1 Issue-Date:+ |-
rans ation . e A +
A J'nstinei% QF-7.3-01::Concrete OF7.3.01= | 2018-06-18=

Proving Groundd]
300-SH-AT Hll:& roey
Brwan, TX 77807

Tesms ABM University] Sa]np[]ugg
College-Stafion, - TX -7T8439
Phore-#78-545-83757

5 PP Prepared-by:-Wanda L_Mengesy| Rewvision: -+ | Page] C
Quality-Formo Approved by: Darrell L. Kuhn= 6a lofl=
I
Project No: 612061 Casting Date: 7/21/2020 Mix Design (psi): 4000 psi

Mame of Technician
Taking Sample

Mame of Technician
Teracon Breaking Sample Teracon

Signature of
Technician

Signature of
Technician Breaking

Taking Sample Teracon Sample Teracon
Load No. Truck No. Ticket No. Location (from concrete map)
Tl 7211 6179946 100% of curb
Load No. | BreakDate | Cylinder Age | Total Load (lbs) |  Break (psi) | Average

See attached Reports from Terracon
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191 2024-02-06




Martin
r\"-. e " ' )

WATER ADDED ON JOB AT CUST
ALLOWABLE WATER (Withheld fro
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CONCRETE COMPRESSIVE STRENGTH TEST REPORT

Report Number: ATITI057.0121 1 rerracnn

Service Date: 07721720 6198 Imperial Loop
Report Date: 07/21/20 College Station, TX 77845-5765
Task: PO #G612061 9709-846-3767 Reg No: F-3272
Client Project
Texas Transportation Institute Riverside Campus
Attn: Gary Gerke Riverside Campus
TTI Business Office Bryan, TX
3135 TAMU
College Station, TX 77843-3135 Project Number: A1171057
Material Information Sample Information
Specified Strength: 4,000 psi @ 28 days Sample Date: 0721720 Sample Time: 1137
Sampled By: Adam Hill
Mix 1D: RO8440636 Weather Conditions: cloudy, low wind
Supplier: Martin Marietta Accumulative Yards: 6.3/6.5 Batch Size (cy): 6.5
Batch Time: 1029 Plant: 617 Placement Method: Direct Discharge
Truck No.: 7211 Ticket No.: 61794946 Water Added Before (zal): 0
. Water Added After (gal): 0
Field Test Data Sample Location: Direet middle of 10 vd length
Test Result Specification Placement Location: PO #612061, Main runway, SW end,
Slump (in): 51/4 Not Specified curb/box
Air Content (%): 1.6 Not Specified
Concrete Temp. (F): 92 40 -95
Ambient Temp. (F): 85 40 - 95
Plastic Unit Wt. (pch): 142.9 Not Specified

Yield (Cu. Yds.):

Laboratory Test Data Ageat  Maximum  Compressive
Set  Specimen Avg Diam.  Area Date Date Test Load Strength Fracture Tested
Nao. 1D (in) (sq in) Received Tested (days) (Ihs) (psi) Type By
1 A 6,00 28.27 07/22/20 09/02/20 43 148,100 5,240 SLS
1 B 6.00 28.27 07/22:20 09/02/20 43 146,820 5,190 SLS
1 C 6.00 28.27 07/22:20 09/02/20 43 145,110 5.130 sSLs
Average (43 davs) 5,190
1 D 07/22/20 Hold
Initial Cure: Qutside Final Cure: Field Cured

Comments: Average compressive strength of 43 day cylinders complies with the specified strength.

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.: Adam Hill Start/Stop:  1000-1200

Reported To:  Gary Gerke

Contractor: .

Report Distribution: ) .
(1} Texas Transportation Institute, Gary Gerke (1} Terraeon Consaltants, Ins., Alex Dunigan. P.E Reviewed By:

{1} Texas Transperiation Inshiute, Bill Griffith merﬂlllligaﬂ
Project Manager

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

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

RN 111617 Rew i Page 1 of 1
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APPENDIX C. MODIFIED MERRITT PARKWAY GUIDERAIL WITHNO
CURB
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Notes

1a. Drill @24" holes for Posts. Backfill Post holes and around Anchor Block with AASHTO M147-65(2004), grade B crushed limestone road base,
compacted to MASH standard.

1b. Threads not shown on 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 A6. 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 %" diameter hole may be drilled 2” from the top of each post, in the
center of the web, 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 lumber grade No. 1 or better after treatment;

b) AASHTO M 168;

¢) Minimum stress rating of 1350 psi

d) Rough sawn (non-planed) or S4S (surface four side) Southern Yellow Pine or Douglas Fir- Larch with nominal dimensions as indicated on the
plans. Variations in the size of any dimension 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 P5 to a
minimum net retention of 0.60Ib/cubic foot in the assay zone in accordance with AWPA Standard C14.

f) 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 A588 steel. All round head bolts shall be marked with the manufacturers symbol and A588.

b) Hex Lag Screws shall be manufactured in accordance with ASTM A307 Grade A specifications. All Hex Lag Screws shall be hot-dipped
galvanized in accordance with ASTM A153 Class C.

c) Nuts, and Washers shall be ASTM A588 steel.

= Jexas A&M Roadside Safety and
4 Transportation Physical Security Division -
Al |nstitute Proving Ground

Project #612061-02-1 and -03-1 Merritt Parkway 2020-07-16

Drawn by GES\WS Scale 1:250 Sheet 1 of 12 Notes
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Test Installation

< 166'-0" -
' NI . .
— Transition / 20'-0" 2sp. @ 10— | Dimensions to ¢
. 20-0 \ \ of Anchor Block
- 100'-0" Length of Need - ‘
14" —o 20 sp. @ 60" | ' 34-1/4"
A = 50-0" ‘
AN g R _EJ
..... N S SR S ,
Yt e
Plan View |e—Anchor Section ™"
| B C e 29-1/2"
28 26 24 22 20 18 16 14 12 10 8 6 4 2 1 Post Numbers
= Tj@_"_w T Iﬁ" T qlil 1T IIF 1T .F 1T qll 1 T 1I ? T .E 1l
mrrrl il rrrroorrrororoi 0001
G Elevation View
Round Head Bolt, 5/8" x 6" - 60" 60" >

with Flat Washer and Hex Nut___
Typ x 2, through Splice Plate,
Blockout, and Post

. sa |

\g_ /
L ¥

Timber Blockout

~Lag Screw, 5/8 x 4"
Typ x 4 at each Rail

See 2a f,f‘"
./
i

—Standard Backup Plate

fPost
Splice Plaleﬁ\
- |AL| 2.8 .

a8 &8 =
! , §
ki Timber Rail Detail A
| . imber Rai R elal
_ Round Head Bolt, 3/4 x 8 %-”% 172" Typ Scale 1 20
with Flat Washer and Heavy Hex Nut Post spacing and Rail details typical
12" —= | Typical x 8 at all Posts ~_ _ ‘ : . N all Posts in Length of Need and
T ¥ 1®e & I @@ | Anchor Section unless otherwise
26" —l<—> I '®8 | = @@ ! indicated. Connection details typical
w o o at all Posts except 24 and 26 - 29.
30" — e .
17 Pr— _R12 Detail B
o1 4 Scale 1: 20
" 3 2a. Even numbered posts, beginning
0" N N '
" : , \\/// \\///\\//\\//\% with Post 4 and going to Post 22, do
12" =N AN N Y 4,000 psi not attach to rails.
NN & 5 concrete
NI i :
(L L i ] = Texas A&M Roadside Safety and
Section C-C Detail C-1 /‘ Transportation ~ Physical Security Division -
. ‘ Institute Proving Ground
49-1/4" L Scale 1:50 Scale 1:10

Project #612061-02-1 and -03-1 Merritt Parkway
Drawn by GES\WS Scale 1:250

2020-07-16
Sheet 2 of 12 Test Installation

Q:\Accreditation-17025-2017\EIR-000 Project Files\612061-Pooled Fund-Merritt Parkway-Chiara\Drafting, 612061 with curb\612061 w curb Drawing
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4 sp. @ 30" -t 2 sp. @ 60" " .
10-0" 10-0" Transition Details
14 — Terminal Backup Plate J—
III -|-|I-| s Laa |I'ﬂl [N ) |f -|I-| \\\-n laa |I| AL |I|
| \ / | 5
] ‘ N 7 k
D e
—Transition Terminal Rail . —Transition Rail
Plan View
Washer, 1" Flat—_
27 26 25 24 23 Post Numbers 22
Nut, 1" heavy hex

Elevation View

Scale 1:10

Physical Security Division -
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11a. Secure with Hilti HIT-RE 500 V3 epoxy
according to manufacturer's instructions,
with 6" embedment, at 18" spacing.

11b. Chamfer top edges of Wall, and
vertical edges where shown, 3/4" each way.

11c. Concrete strength is 3600 psi, and all
rebar is grade 60.

11d. Backfill field side and ends of
foundation with native soil and compact to
95% of standard proctor density.

11e. Rebar dimensions are to center unless
otherwise indicated by "cvr" (cover).
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Table C.1. Summary of Strong Soil Test Results for Establishing Installation Procedure.
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Table C.2. Test Day Static Soil Strength Documentation for Test No. 612061-03-1.

Comparison of Static Load Test Results and Required Minimum:
Load versus Displacement at 25 inch Height

3000 8,535 8,333
8000 -
7000 -
6000 |
% 5000 |
o
- 4000 |
3000 -
2000
1000 -
D i
5 10 15
Displacement (inch)
B Load vs. Displacement from Static Load Test @ Minimum Static Load I
192 (< 2020-10-02 for Test No. 612061-03-1
Test Facility and Site Location .............c.uveeeeeeieeiiiiiieeeeeiennn, TTI Proving Ground — 3100 SH 47, Bryan, Tx
In Situ Soil Description (ASTM D2487).......cccouvuviiivieriinnnnnnnn. Sandy gravel with silty fines
Fill Material Description (ASTM D2487) and sieve analysis.. AASHTO M147 Grade B Soil-Aggregate
Description of Fill Placement Procedure..............ccccevvvvnn... 6-inch lifts tamped with a pneumatic compactor
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Table C.3. Test Day Static Soil Strength Documentation for Test No. 612061-02-1A.

Comparison of Static Load Test Results and Required Minimum:
Load versus Displacement at 25 inch Height

12000
10,909
10000 |
8000 -
§ 6000 -
4000
2000 +
u -4
5 10 15
Displacement (inch)
l OLload vs. Displacement from Static Load Test ® Minimum Static Load I
192 (< 2020-09-02 for Test No. 612061-02-1A
Test Facility and Site Location .............c.uveeeeeeieeiiiiiieeeeeiennn, TTI Proving Ground — 3100 SH 47, Bryan, Tx
In Situ Soil Description (ASTM D2487).......cccouvuviiivieriinnnnnnnn. Sandy gravel with silty fines
Fill Material Description (ASTM D2487) and sieve analysis.. AASHTO M147 Grade B Soil-Aggregate
Description of Fill Placement Procedure..............ccccevvvvnn... 6-inch lifts tamped with a pneumatic compactor




C.3 MASH TEST 3-11 (CRASH TEST NO. 612061-02-1A)
C.3.1. Vehicle Properties and Information

Table C.1. Vehicle Properties for Test No. 612061-02-1A.

TR No.612061-08-01 211 2024-02-06



Table C.2. Measurements of Vehicle Vertical Center of Gravity for Test No. 612061-
02-1A.
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Table C.3. Exterior Crush Measurements for Test No. 612061-02-1A.
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Table C.4. Occupant Compartment Measurements for Test No. 612061-02-1A.
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C.3.2. Sequential Photographs

- 0.450's Pty

Figure C.1. Sequential Photographs for Test No. 612061-02-1A (Overhead and Frontal
Views).
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1.050's i

SN S

Figure C.1. Sequential Photographs for Test No. 612061-02-1A (Overhead and Frontal
Views) (Continued).
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1.050 s
Figure C.2. Sequential Photographs for Test No. 612061-02-1A (Rear View).
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Axes are vehicle-fixed.

Sequence for determining

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

Test Number: 612061-02-1A

Test Standard Test Number: MASH Test 3-11
Test Article: Merritt Parkway Guiderail

Test Vehicle: 20xx RAM 1500 Pickup

Inertial Mass: xxxx lb

Gross Mass: xxxx Ib

Impact Speed: xx.x mi/h

Impact Anale: xx.x°

Figure C.3. Vehicle Angular Displacements for Test No. 612061-02-1A.
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Figure C.4. Vehicle Longitudinal Accelerometer Trace for Test No. 612061-02-1A
(Accelerometer Located at Center of Gravity).
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Figure C.5. Vehicle Lateral Accelerometer Trace for Test No. 612061-02-1A
(Accelerometer Located at Center of Gravity).
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Figure C.6. Vehicle Vertical Accelerometer Trace for Test No. 612061-02-1A
(Accelerometer Located at Center of Gravity).



C.4. MASH TEST 3-10 (CRASH TEST NO. 612061-03-1)
C.4.1. Vehicle Properties and Information

Table C.5. Vehicle Properties for Test No. 612061-03-1.
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Table C.6. Exterior Crush Measurements for Test No. 612061-03-1.
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Table C.7. Occupant Compartment Measurements for Test No. 612061-03-1.

TR No.612061-08-01 224 2024-02-06



C.4.2. Sequential Photographs

0.000s

0.050s

0.100s

0.150s

Figure C.7. Sequential Photographs for Test No. 612061-03-1 (Overhead and Frontal Views).
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0.200s

0.250s

0.350's > -

Figure C.7. Sequential Photographs for Test No. 612061-03-1 (Overhead and Frontal Views)
(Continued).
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Axes are vehicle-fixed.
Sequence for determining
orientation:

1. Yaw.
2. Pitch.
3. Roll

Test Number: 612061-03-1

Test Standard Test Number: MASH Test 3-10

Test Article: Merritt Parkway Guiderail with No Curb
Test Vehicle: xxxx Nissan Versa

Inertial Mass: xx Ib

Gross Mass: xxx Ib

Impact Speed: xx.x mi/h

Impact Anale: xx.x°

Figure C.8. Vehicle Angular Displacements for Test No. 612061-03-1.
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Figure C.9. Vehicle Longitudinal Accelerometer Trace for Test No. 612061-03-1
(Accelerometer Located at Center of Gravity).
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Figure C.10. Vehicle Lateral Accelerometer Trace for Test No. 612061-03-1
(Accelerometer Located at Center of Gravity).
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Figure C.11. Vehicle Vertical Accelerometer Trace for Test No. 612061-03-1
(Accelerometer Located at Center of Gravity).
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APPENDIX D. MERRITT PARKWAY GUIDERAIL TRANSITION
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Notes

1a. Drill @24" holes for Posts. Backfill Post holes and around Anchor Block with AASHTO M147-65(2004), grade B crushed limestone road base,
compacted to MASH standard.

1b. Threads not shown on 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 A6. 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 %" diameter hole may be drilled 2” from the top of each post, in the
center of the web, 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 lumber grade No. 1 or better after treatment;

b) AASHTO M 168;

¢) Minimum stress rating of 1350 psi

d) Rough sawn (non-planed) or S4S (surface four side) Southern Yellow Pine or Douglas Fir- Larch with nominal dimensions as indicated on the
plans. Variations in the size of any dimension 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 P5 to a
minimum net retention of 0.60Ib/cubic foot in the assay zone in accordance with AWPA Standard C14.

f) 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 A588 steel. All round head bolts shall be marked with the manufacturers symbol and A588.

b) Hex Lag Screws shall be manufactured in accordance with ASTM A307 Grade A specifications. All Hex Lag Screws shall be hot-dipped
galvanized in accordance with ASTM A153 Class C.

c) Nuts, and Washers shall be ASTM A588 steel.

= Jexas A&M Roadside Safety and
/‘ Transportation Physical Security Division -
Al nstitute Proving Ground
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11a. Secure with Hilti HIT-RE 500 V3 epoxy
according to manufacturer's instructions,
with 6" embedment, at 18" spacing.

11b. Chamfer top edges of Wall, and
vertical edges where shown, 3/4" each way.

11c. Concrete strength is 3600 psi, and all
rebar is grade 60.

11d. Backfill field side and ends of
foundation with native soil and compact to
95% of standard proctor density.

11e. Rebar dimensions are to center unless
otherwise indicated by "cvr" (cover).
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Table D.1. Summary of Strong Soil Test Results for Establishing Installation Procedure.
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Table D.2. Test Day Static Soil Strength Documentation for Test No. 612061-07-1.

Comparison of Static Load Test Results and Required Minimum:
Load versus Displacement at 25 inch Height

12000
10,101 10404
10000 .
8000 -
E 6000
4000
2000 +
o 4
5 10 15
Displacement (inch)
@ Load vs. Displacement from Static Load Test @ Minimum Static Load ]
DL | (< 2020-10-07 for Test No. 612061-07-1
Test Facility and Site Location .............c.uveeeeeeieeiiiiiieeeeeiennn, TTI Proving Ground — 3100 SH 47, Bryan, Tx
In Situ Soil Description (ASTM D2487).......cccouvuviiivieriinnnnnnnn. Sandy gravel with silty fines
Fill Material Description (ASTM D2487) and sieve analysis.. AASHTO M147 Grade B Soil-Aggregate
Description of Fill Placement Procedure..............ccccevvvvnn... 6-inch lifts tamped with a pneumatic compactor
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Table D.3. Test Day Static Soil Strength Documentation for Test No. 612061-06-1.

Comparison of Static Load Test Results and Required Minimum:
Load versus Displacement at 25 inch Height

10000
9000
8000
7000 -
= 6000
8 5000 |
-
4000 -
3000 -
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1000 -
0 4
5 10 15
Displacement (inch)
BLoad vs. Displacement from Static Load Test @ Minimum Static Load ‘
DaALE ... 2020-10-12 for Test No. 612061-06-1
Test Facility and Site Location .............c.uveeeeeeieeiiiiiieeeeeiennn, TTI Proving Ground — 3100 SH 47, Bryan, Tx
In Situ Soil Description (ASTM D2487).......cccouvuviiivieriinnnnnnnn. Sandy gravel with silty fines
Fill Material Description (ASTM D2487) and sieve analysis.. AASHTO M147 Grade B Soil-Aggregate
Description of Fill Placement Procedure..............ccccevvvvnn... 6-inch lifts tamped with a pneumatic compactor




D.3 MASH TEST 3-20 (CRASH TEST NO. 612061-07-1)
D.3.1. Vehicle Properties and Information

Table D.1. Vehicle Properties for Test No. 612061-07-1.

Date:  2020-10-07 Test No.: 6120861 VIN No.:  3N1CN7APSEK451617
Year: 2014 Make: NISSAN Model: VERSA
Tire Inflation Pressure: 36 PSI Odometer: 90082 Tire Size: P185/65R15

Describe any damage to the vehicle prior to test:  None

® Denotes accelerometer location.

NOTES: None

Engine Type: 4 CYL '
Engine CID: 16L
Transmission Type:
v Auto or  [] Manual
YT Fwo [ RWD 4WD
Optional Equipment:

None

Dummy Data:
Type: 50th Percentile Male
Mass: 165 |b
Seat Position: IMPACT SIDE -

Geometry: inches

A 66.70 F 3250 K 1250 P 450 U 1550
B 59.60 G L 26.00 Q 24.00 V 2125
C 175.40 H 41.51 M 58.30 R 16.25 W 4150
D 4050 | 7.00 N 58.50 S 750 X 79.75
E 102.40 J 2225 O 30.50 T 64.50

Wheel Center Ht Front 11.50 Wheel Center Ht Rear 11.50 W-H -0.01

RAMGE LIMIT: A =65 +3inches; C =168 #8inches, E = 98 £5 inches;, F =35 #4 inches;, H =39 #4 inches; O {Top of Radiator Support) = 28 +4 inches
(M+NY¥2 =59 +2 inches; WW-H < 2 inches or use MASH Paragraph A4 3 2

GVWR Ratings: Mass: Ib Curb Test Inertial Gross Static
Front 1750 Mront 1442 1439 1524
Back 1687 Mrear 972 981 1061
Total 3388 Mrotal 2414 2420 2585

Allowable TIM = 2420 b £55 b | Allowable GEM = 2585 1b +551b

Mass Distribution:
b LF: 731 RF: 708 LR: 495 RR: 486
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Table D.2. Exterior Crush Measurements for Test No. 612061-07-1.

Date: 2020-10-7 Test No - 612061 VIN No.- 3N1CN7APBEK451617

Year: 2014 Make: NISSAN Model: VERSA

VEHICLE CRUSH MEASUREMENT SHEET!

Complete When Applicable
End Damage Side Damage
Undeformed end width Bowing: Bl  XI
Corner shift: Al B2 X2
A2
End shift at frame (CDC) Bowing constant
(check one) Y1+ X2
<4 inches T N

= 4 inches

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

Specific

Impact Plane* of Width** Max*** Field c ¢ < C s Ce D
Number C-Measurements (CDC) Crush L#*
1 Front plane at bmp ht 11 11 18 - - - - - - 14
2 Side plane at bmp ht 11 12 43 - - - - - - 62

Measurements recorded

inches or |:| mm

!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 s1ll, 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.

**\easure 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).

wekhleasure and document on the vehicle diagram the location of the maximum crush.

Note: Use as many lines/columns as necessary to describe each damage profile.
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Table D.3. Occupant Compartment Measurements for Test No. 612061-07-1.

Date: 2020-10-7  Test No.- 612061 VIN No.: 3N1CN7APBEK451617
Year: 2014 Make: NISSAN Model: VERSA
= OCCUPANT COMPARTMENT
o [7 =\ - DEFORMATION IVIEASUREIVII_ENT
F Before After Differ.
(inches)
IR G A1 75.00 75.00 0.00
hi — 7 AD 74.00 74.00 0.00
- A3 74.00 73.00 -1.00
B1 43.00 43.00 0.00
B2 37.00 37.00 0.00
B1, B2, B3, B4, BS, B6 B3 43.00 44.50 1.50
q B4 46.50 46.50 0.00
TR B5 42.50 42.50 0.00
Ve kLS &QL B6 46.50 46.50 0.00
@ J C1 26.00 26.00 0.00
Co 0.00 0.00 0.00
c3 26.00 26.00 0.00
D1 12.50 12.50 0.00
D2 0.00 0.00 0.00
I D3 10.00 13.00 3.00
B R E1 45.00 45.00 0.00
Eﬁ' - ED 48.75 55.75 7.00
F 47.50 42.00 -2.00
NS G 47.50 47.50 0.00
H 38.00 39.00 0.00
| 38.00 37.00 0.00
*_ateral area across the cab from J* 48.50 41.25 725
driver's side kick panel to passenger’s side kick panel.
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D.3.2. Sequential Photographs
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Figure D.1. Sequential Photographs for Test No. 612061-07-1 (Overhead and Frontal Views).
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Figure D.1. Sequential Photographs for Test No. 612061-07-1 (Overhead and Frontal Views)
(Continued).
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Figure D.2. Sequential Photographs for Test No. 612061-07-1 (Rear View).
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Axes are vehicle-fixed.
Sequence for determining

orientation:
1.
2.
3.

Yaw.
Pitch.
Roll.

Test Number: 612061-07-1

Test Standard Test Number: MASH Test 3-20
Test Article: Merritt Parkway Guiderail Transition
Test Vehicle: 2014 Nissan Versa

Inertial Mass: 2420 Ib

Gross Mass: 2585 Ib

Impact Speed: 62.5 mi/h

Impact Angle: 25.6°

Figure D.3. Vehicle Angular Displacements for Test No. 612061-07-1.
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Test Number: 612061-07-1

Test Standard Test Number: MASH Test 3-20
Test Article: Merritt Parkway Guiderail Transition
Test Vehicle: 2014 Nissan Versa

Inertial Mass: 2420 |b

Gross Mass: 2585 Ib

Impact Speed: 62.5 mi/h

Impact Anale: 25.6°

Figure D4. Vehicle Longitudinal Accelerometer Trace for Test No. 612061-07-1
(Accelerometer Located at Center of Gravity).
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Test Number: 612061-07-1

Test Standard Test Number: MASH Test 3-20
Test Article: Merritt Parkway Guiderail Transition
Test Vehicle: 2014 Nissan Versa

Inertial Mass: 2420 |b

Gross Mass: 2585 Ib

Impact Speed: 62.5 mi/h

Impact Anale: 25.6°

Figure D.5. Vehicle Lateral Accelerometer Trace for Test No. 612061-07-1
(Accelerometer Located at Center of Gravity).
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Test Number: 612061-07-1

Test Standard Test Number: MASH Test 3-20
Test Article: Merritt Parkway Guiderail Transition
Test Vehicle: 2014 Nissan Versa

Inertial Mass: 2420 Ib

Gross Mass: 2585 Ib

Impact Speed: 62.5 mi/h

Impact Anale: 25.6°

Figure D.6. Vehicle Vertical Accelerometer Trace for Test No. 612061-07-1
(Accelerometer Located at Center of Gravity).



D.4 MASH TEST 3-21 (CRASH TEST NO. 612061-06-1)
D.4.1. Vehicle Properties and Information

Table D.6. Vehicle Properties for Test No. 612061-06-1.

Date: 2020-10-12 Test No.- 612061-06-1 VIN No.: 1C6RRE6GT7ES211036
Year: 2014 Make: RAM Model: 1500
Tire Size: 265/7/QR 17 Tire Inflation Pressure: 35 psi
Tread Type: Highway Odometer: 130367
Note any damage to the vehicle prior to test:  None
|l X -
® Denotes accelerometer location. F\w%
NOTES: None I 7 ] S T
A M = . —t N T
Engine Type: V-8 Teack l
[ : 57L \ WHELL
Engine CID: L f : ;
Transmission Type:
Auto or [l Manual

FWD [7] RWD [] 4wWD

Optional Equipment:

None
Dummy Data:
Type: 50th Percentile Male
Mass: 165 Ib
Seat Position: IMPACT SIDE
Geometry: inches - e o
A 78.50 F 40.00 K 20.00 p 3.00 U 26.75
B 74.00 G 28.00 L 30.00 Q 30.50 Y 30.25
C 227.50 H 59.33 M 68.50 R 18.00 W 58.30
D 44 00 | 11.75 N 68.00 S 13.00 X 79.00
E 140.50 J 27.00 O 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
RAMGE LIMIT: A=78 +2inches, C=237 +13inches, E=148 £12 inches, F=39 +3 inches; G = > 28 inches, H = 63 +4 inches; 0=43 #4 inches, (M+N)2=67 £1.5inches
GVWR Ratings: Mass: Ib Curb Test Inertial Gross Static
Front 3700 Mfront 2977 2882 2977
Back 3900 Mrear 2099 2114 2194
Total 6700 Motal 5076 5006 5171
TAlowable Range Tor TIM and GSM = 5000 Ib 110 Ib)
Mass Distribution:
b LF: 1450 RF: 1442 LR: 1082 RR: 1032
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Table D.7. Measurements of Vehicle Vertical Center of Gravity for Test No.

612061-06-1.

Date: 2020-10-12 Test No.: 612061-06-1 VIN: 1C6RR6GT7ES211036
Year: 2014 Make: RAM Model: 1500
Body Style: Quad Cab Mileage: 130367
Engine: s7L V-8 Transmission: Automatic
Fuel Level: Empty Ballast: 80 (440 Ib max)
Tire Pressure: Front: 35  psi Rear: 35 psi Size: 265//0R 17
Measured Vehicle Weights: (Ib)

LF: 1450 RF: 1442 Front Axle: 2892

LR: 1082 RR: 1032 Rear Axle: 2114

Left: 2532 Right: 2474 Total: 5006

5000 +110 |b allowed

Wheel Base:  140.50 inches Track: F: 68.50 inches R: 68.00 inches
148 +12 inches allowed Track = (F+R)/2 = 67 £1.5 inches allowed

Center of Gravity, SAE J874 Suspension Method

X 55.33 inches Rear of Front Axle (63 +4 inches allowed)
Y: -0.40 inches Left - Right + of Vehicle Centerline
Z: 28 inches  Above Ground (minumum 28.0 inches allowed)
Hood Height: 46.00 inches Front Bumper Height: 27.00 inches

43 +4 inches allowed

Front Overhang: 40.00 inches Rear Bumper Height: 30.00 inches

39 +3 inches allowed

Overall Length: 227.50 inches

237 £13 inches allowed
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Table D.8. Exterior Crush Measurements for Test No. 612061-06-1.

Date: 20201012 Test No.- 612061-06-1 VIN No.- 1CBRREGT7ES211036

Year: 2014 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 shift at frame (CDC) Bowing constant
(check one) Y1+X2
< 4 inches T B

> 4 inches

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

Specific
Impact Plane™* of Width** MaxH* Field © ¢ e Ca Cs Co D
Number C-Measurements (CDC) Crush L**
1 Front plane at bmp ht 18 18 40 - - - - - - 12
2 Side plane at bmp ht 18 8 68 - - - - - - 79

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 to undamaged axle).

M Measure and document on the vehicle diagram the location of the maximum crush.

Note: Use as many lines/columns as necessary to describe each damage profile.
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Table D.9. Occupant Compartment Measurements for Test No. 612061-06-1.

Date: 2020-10-12  Test No - 612061-06-1 N No.- 1CBRREGT7ES211036
Year: 2014 Make: RAM Model: 1500
OCCUPANT COMPARTMENT
- il n= DEFORMATION IVIEASUREIVII-ENT
F 7 Before After Differ.
\ (inches)

o E2 | E3 E4 A1 65.00 65.00 0.00
6 A2 63.00 63.00 0.00
Ay = 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 21.50 -4.50
D1 11.00 11.00 0.00
D2 0.00 0.00 0.00
[ D3 11.50 10.00 -1.50
225 E1 61.00 55.50 -5.50
BLa | Ban E2 63.50 66.00 2.50
— Bl — E3 63.50 63.50 0.00
E4 63.50 63.50 0.00
— U = F 59.00 58.50 0,50
G 59.00 59.00 0.00
H 37.50 37.50 0.00
*Lateral area across the cab from driver’s side [ 37.50 37.50 0.00
Kickpanel to passenger's side kickpanel. J* 55 00 18.50 .50
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D.4.2. Sequential Photographs REPLACE
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Figure D.7. Sequential Photographs for Test No. 612061-06-1 (Overhead and Frontal Views)
(Continued).
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Figure D.8. Sequential Photographs for Test No. 612061-06-1 (Rear View).
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o Test Number: 612061-06-1

Axes are vehicle-fixed. Test Standard Test Number: MASH Test 3-21
Sequence for defermining Test Article: Merritt Parkway Guiderail Transition
orientation: - ‘ Test Vehicle: 2014 RAM 1500 Pickup

1. ng. Inertial Mass: 5006 Ib

2. Pitch. Gross Mass: 5171 1b

3. Roll. Impact Speed: 63.0 mi/h

Impact Angle: 25.2°

Figure D.9. Vehicle Angular Displacements for Test No. 612061-06-1.
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Test Number: 612061-06-1

Test Standard Test Number: MASH Test 3-21
Test Article: Merritt Parkway Guiderail Transition
Test Vehicle: 2014 RAM 1500 Pickup

Inertial Mass: 5006 Ib

Gross Mass: 51711b

Impact Speed: 63.0 mi/h

Impact Anale: 25.2°

Figure D.10. Vehicle Longitudinal Accelerometer Trace for Test No. 612061-06-1
(Accelerometer Located at Center of Gravity).
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Test Number: 612061-06-1

Test Standard Test Number: MASH Test 3-21
Test Article: Merritt Parkway Guiderail Transition
Test Vehicle: 2014 RAM 1500 Pickup

Inertial Mass: 5006 Ib

Gross Mass: 5171 1b

Impact Speed: 63.0 mi/h

Impact Anale: 25.2°

Figure D.11. Vehicle Lateral Accelerometer Trace for Test No. 612061-06-1
(Accelerometer Located at Center of Gravity).
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Test Number: 612061-06-1

Test Standard Test Number: MASH Test 3-21
Test Article: Merritt Parkway Guiderail Transition
Test Vehicle: 2014 RAM 1500 Pickup

Inertial Mass: 5006 Ib

Gross Mass: 51711b

Impact Speed: 63.0 mi/h

Impact Anale: 25.2°

Figure D.12. Vehicle Vertical Accelerometer Trace for Test No. 612061-06-1
(Accelerometer Located at Center of Gravity).
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