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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 Illinois Department of
Transportation (IDOT), The Texas A&M University System, or the Texas A&M Transportation
Institute (TTT). This report does not constitute a standard, specification, or regulation. In
addition, the above listed agencies/companies assume no liability for its contents or use thereof.
The names of specific products or manufacturers listed herein do not imply endorsement of those
products or manufacturers.

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

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

THE TTI LAB WILL NOT BE LIABLE FOR ANY INDIRECT, CONSEQUENTIAL,
PUNITIVE, OR OTHER DAMAGES SUFFERED BY THE ILLINOIS DEPARTMEN OF
TREANSPORTATION 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 mm2
ft2 square feet 0.093 square meters m2
yd2 square yards 0.836 square meters m2
ac acres 0.405 hectares ha
mi2 square miles 2.59 square kilometers km2
VOLUME
fl oz fluid ounces 29.57 milliliters mL
gal gallons 3.785 liters L
ft3 cubic feet 0.028 cubic meters m3
yd3 cubic yards 0.765 cubic meters m3
NOTE: volumes greater than 1000L shall be shown in m3
MASS
oz ounces 28.35 grams g
Ib pounds 0.454 kilograms kg
T short tons (2000 Ib) 0.907 megagrams (or metric ton”) Mg (or ")
TEMPERATURE (exact degrees)
°F Fahrenheit 5(F-32)/9 Celsius °C

or (F-32)/11.8
FORCE and PRESSURE or STRESS

Ibf 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
mm2 square millimeters 0.0016 square inches in2
m2 square meters 10.764 square feet ft2
m2 square meters 1.195 square yards yd2
ha hectares 247 acres ac
km2 Square kilometers 0.386 square miles mi2
VOLUME
mL milliliters 0.034 fluid ounces 0z
L liters 0.264 gallons gal
m3 cubic meters 35.314 cubic feet ft3
m3 cubic meters 1.307 cubic yards yd3
MASS
g grams 0.035 ounces oz
kg kilograms 2.202 pounds Ib
Mg (or “t”) megagrams (or “metric ton”) 1.103 short tons (2000Ib) 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/in2

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

1.1. PROBLEM

The purpose of this project is to evaluate and test a combination barrier system that
consists of a bicycle railing mounted on top of a standard Illinois Department of Transportation
(IDOT) concrete parapet. The total height of the system is 54 inches, including a 15-inch tall
bicycle railing mounted on top of a 39-inch tall constant slope parapet. The testing was
performed in accordance with Test Level 4 (TL-4) criteria of the American Association of State
Highway and Transportation Official’s (AASHTO) Manual for Assessing Safety Hardware

(MASH) (1).

1.2. BACKGROUND

IDOT has a significant number of bridges that accommodate bicyclists throughout the
state. The department utilizes a railing height of 54 inches as recommended in the early editions
of the AASHTO Load and Resistance Factor Design (LRFD) Bridge Design Specifications.
MASH TL-4 compliant barrier systems are recommended on IDOT bridges whenever possible.
Therefore, IDOT wanted to develop and test a 15-inch tall railing mounted on top of a 39-inch
tall standard IDOT parapet to accommodate bicyclist and traffic safety.

1.3. OBJECTIVES

The purpose of the testing reported herein was to assess the performance of the railing
mounted on top of a standard IDOT constant slope parapet according to the safety-performance
evaluation guideline included in AASHTO MASH for TL-4 longitudinal barriers.
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Chapter 2. DESIGN AND ANALYSIS

The TTI research team evaluated the railing design details and configuration presented in
Figure 2.1 according to AASHTO LRFD Section 13 and concluded that the system is structurally
adequate for MASH TL-4 impact conditions. Additional recommendations were provided to
improve the continuity of the rail at joint locations to reduce the possibility of vehicle snagging.

Notes: All edges shall have
¥ chamfer.
I'-5" Face of
] parapet
g9l | 7l
Two-element nl-\
railing -
.\_.IIJ
5 S
gl |5
- &
2 ] Construction |
= /It {mandatory)
E /
o - .
c . . /
8 B Y -
——f " —
ES By S : : - .
N ) ! C
——
. 4" A
== d
Ele . N A1
2 - 4" drip notch '\
i full length
6" @ Floor drain
e |
maximum !
Cross sectional area of parapet = 3.50 f."1
39" CONSTANT-SLOPE CONCRETE
PARAPET CONFIGURATION
WITH TWO-ELEMENT RAILING

Figure 2.1 Combination Barrier System
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Chapter 3. SYSTEM DETAILS

3.1. TEST ARTICLE AND INSTALLATION DETAILS

The installation consisted of a 122 foot - 2 inch long concrete parapet with a double
square tube rail mounted on top. The concrete parapet was 39 inches tall, 17 inches wide at the
bottom and then sloped towards the field side on the traffic side for a width of 9% inches at the
top. It was anchored into a concrete deck 8 inches thick and 48 inches wide. There was a 2-inch
relief joint in the concrete parapet 31 feet and 1 inch from the upstream end of the installation.
The double rail and posts mounted on top of the parapet was constructed of HSS 3” x 3” x '4”,
and was 54 inches from the deck to the top of the rail. The posts were anchored to the parapet
with two threaded rods on the traffic side of the base plates.

Figure 3.1 presents the overall information on the Bicycle Railing on a Constant Slope
Parapet, and Figure 3.2 provides photographs of the installation. Appendix A provides further
details on the Bicycle Railing on a Constant Slope Parapet. Drawings were provided by the
Texas A&M Transportation Institute (TTI) Proving Ground, and construction was performed by
MBC Management and supervised by TTI Proving Ground personnel.

3.2. DESIGN MODIFICATIONS DURING TESTS

No modifications were made to the installation during the testing phase.

3.3. MATERIAL SPECIFICATIONS

Appendix B provides material certification documents for the materials used to
install/construct the Bicycle Railing on a Constant Slope Parapet. Table 3.1 shows the average
compressive strengths of the concrete on November 8, 2021, the day of the test:

Table 3.1 Concrete Strength.

. Min. Design Avg. Strength | Age . c
Location Strength (ssi) g (psi) g ( dagys) Detailed Location
Deck 4000 4193 20 70 feet of deck starting from south end
Deck 4000 4263 20 Remaining northern section of deck
Barrier 4000 4550 10 70 ft of barrier starting from south end
Barrier 4000 4180 10 Remaining northern section of barrier
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Figure 3.1 Details of Bicycle Railing on a Constant Slope Parapet.
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Figure 3.2 Bicycle Railing on a Constant Slope Parapet prior to Testing.
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Chapter 4. TEST REQUIREMENTS AND EVALUATION CRITERIA

4.1. CRASH TEST PERFORMED/MATRIX

Table 4.1 shows the test conditions and evaluation criteria for MASH TL-4 for
longitudinal barriers.

It should be noted that MASH TL-4 criteria also requires testing with a small passenger
car (1100C vehicle) and pickup truck (2270P vehicle). * However, MASH Test 4-10 and MASH
Test 4-11 are not critical due to successfully performed tests on similar systems in the past (2-

4). Furthermore, the small car and pickup truck will not impart a greater load into the
combination barrier system in comparison to the single unit truck of MASH Test 4-12. Thus,
only MASH Test 4-12 was performed under this project.

The target critical impact point (CIP) for the test was determined using the information
provided in MASH Section 2.2.1 and Section 2.3.2. Figure 4.1 shows the target CIP for MASH
Test 4-12 on the Bicycle Railing on a Constant Slope Parapet.

Table 4.1 Test Conditions and Evaluation Criteria Specified for
MASH TL-4 Longitudinal Barriers.

Test Article Test Designation | Test Vehicle Impact Conditions Evaluation Criteria
Speed Angle
4-10 1100C 62 mi‘h 25° A,D,F,H,1
Longitudinal Barrier 4-11 2270P 62 mi/h 25° A,D F H,I
4-12 10000S 56 mi/h 15° A, D,G

v sl 6050 Plan View

Figure 4.1 Target CIP for MASH TL-4 Tests on
Bicycle Railing on a Constant Slope Parapet.

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

4.2. EVALUATION CRITERIA

The appropriate safety evaluation criteria from Tables 2-2 and 5-1 of MASH were used to
evaluate the crash test reported herein. Table 4-1 lists the test conditions and evaluation criteria
required for MASH TL-4, and Table 4.2 provides detailed information on the evaluation criteria.

Table 4.2 Evaluation Criteria Required for MASH Testing.
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Evaluation
Factors

Evaluation Criteria

MASH Test

Structural
Adequacy

A.

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

10, 11, 12

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.

All

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

All except
those listed in
G

It is preferable, although not essential, that the vehicle remain
upright during and after the collision.

12

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

Occupant impact velocities (OIV) should satisfy the following
limits: Preferred value of 10 ft/s, or maximum allowable value of
16 ft/s.

10, 11

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

g.

10, 11
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Chapter 5. TEST CONDITIONS

5.1. TEST FACILITY

The full-scale crash test reported herein was performed at the TTI Proving Ground, an
International Standards Organization (ISO)/International Electrotechnical Commission (IEC)
17025-accredited laboratory with American Association for Laboratory Accreditation (A2LA)
Mechanical Testing Certificate 2821.01. The full-scale crash test(s) was/were performed
according to TTI Proving Ground quality procedures, as well as MASH guidelines and standards.

The test facilities of the TTI Proving Ground are located on The Texas A&M University
System RELLIS Campus, which consists of a 2000-acre complex of research and training
facilities situated 10 mi northwest of the flagship campus of Texas A&M University. The site,
formerly a United States Army Air Corps base, has large expanses of concrete runways and
parking aprons well suited for experimental research and testing in the areas of vehicle
performance and handling, vehicle-roadway interaction, highway pavement durability and
efficacy, and roadside safety hardware and perimeter protective device evaluation. The sites
selected for construction and testing are along the edge of an out-of-service apron/runway. The
apron/runways consists of an unreinforced jointed-concrete pavement in 12.5-ft < 15-ft blocks
nominally 6 inches deep. The aprons were built in 1942, and the joints have some displacement
but are otherwise flat and level.

5.2. VEHICLE TOW AND GUIDANCE SYSTEM

The 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.

5.3. DATA ACQUISITION SYSTEMS

5.3.1. Vehicle Instrumentation and Data Processing

The test vehicle was instrumented with a self-contained onboard data acquisition system.
The signal conditioning and acquisition system is a 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
unit into a laptop computer at the test site. The Test Risk Assessment Program (TRAP) software
then processes the raw data to produce detailed reports of the test results.

Each 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).

5.3.2. Anthropomorphic Dummy Instrumentation
MASH does not recommend or require use of a dummy in the 10000S vehicle, and no
dummy was placed in the vehicle.

5.3.3. Photographic Instrumentation Data Processing

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

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

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.
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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 Bicycle Railing on a Constant Slope Parapet. The
flashbulb was visible from each camera. The video files from these digital high-speed cameras
were analyzed to observe phenomena occurring during the collision and to obtain time-event,
displacement, and angular data. A digital camera recorded and documented conditions of the test
vehicle and the installation before and after the test.
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Chapter 6. MASHTEST 4-12 (CRASH TEST NO. 616221-01)

6.1. TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS

See Table 6.1 for details on MASH impact conditions for this test. Figure 6.1 depicts the
target impact setup.

Figure 6.1 Bicycle Railing on a Constant Slope Parapet
Test Vehicle Geometrics for Test 616221-01.

Table 6.1 Impact Conditions for MASH Test 4-12 / Test 616221-01.

rail joint between posts 4
and 5

Test Parameter Specification Tolerance Measured
Impact Speed (mi/h) 56 +2.5 57.9
Impact Angle (deg) 15 +1.5° 15.2
Vehicle Inertial Weight (Ibs) | 22,046 + 660 22,590
Impact Severity (kip-ft) 142 >142 174
5.0 ft upstream of the 5.6 feet upstream of the
fmpact Location: center of the parapet and | 1 foot center of the parapet and

rail joint between posts 4
and 5

Exit Parameters

Speed (mi/h) Not Measureable (out of view)
Trajectory (deg) Along Rail

Heading (deg) Along Rail

Brakes applied post impact (seconds) 3.6

Vehicle at rest position

327 ft downstream of impact point
8 ft to the traffic side

10° right

Comments:

Vehicle remained upright and stable.
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6.2. WEATHER CONDITIONS
Table 6.2 Weather Conditions 616221-01.

Date of Test Temperature (°F) Relative Humidity (%)
November 8§, 2021 AM 68 68
Wind Direction (degrees) | Vehicle Traveling (degrees) Wind Speed (mi/h)
180 335 9

6.3. TEST VEHICLE

Figure 6.2 shows the 2004 Freightliner M21G6 used for the crash test. Table 6.3 shows
the vehicle measurements. Table C.1 in Appendix C.1 gives additional dimensions and
information on the vehicle.

Figure 6.2 Test Vehicle before Test 616221-01.

Table 6.3 Vehicle Measurements 616221-01.

Test Parameter MASH GO GOAEL
Tolerance Measured

Curb Weight (Ibs) 13,200 +2,200 14,760

Gross Static (Ibs) 22,046 660 22,590

Wheelbase (inches) 240 <240 207

Overall Length (inches) 394 <394 332.5

Cargo Bed Height (inches)* 49 +2 51

CG of Ballast above Ground®

(inches) 63 +2 64.8

a— Without Ballast
b — See section 4.2.1.2 in MASH 2016 for recommended ballasting procedures
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6.4. TEST DESCRIPTION

Table 6.4 lists events that occurred during Test No. 616221-01. Figures C.1 and C.2 in
Appendix C.2 present sequential photographs during the test.

Table 6.4 Events during Test 616221-01.

Time (s) Events

0.0000 Vehicle impacted the installation

0.0160 Front left side tire lifted off of the pavement
0.0170 Flashbulb lit up

0.0340 Vehicle impacted the bicycle rail

0.0590 Vehicle began to redirect

0.1210 Front right side tire lifted off of the pavement
0.2600 Rear right side tire lifted off of the pavement
0.2930 Vehicle parallel with installation

1.1200 Vehicle exited the installation

6.5. DAMAGE TO TEST INSTALLATION

There was scuffing and gouging at the impact location, and spalling on the field side of
the joint at posts 4 and 5, which exposed rebar on both sections of the parapet. There was also a
major crack on the field side of the parapet at both posts 4 and 5, and the top rail was
permanently deformed towards the field side.

Figure 6.3 shows the damage to the Bicycle Railing on a Constant Slope Parapet. Table
6.5 describes the damage to the Bicycle Railing on a Constant Slope Parapet.

Table 6.5 Damage to Bicycle Railing on a Constant Slope Parapet 616221-01.

Test Parameter Measured

Permanent Deflection/Location 2 inches toward field side at the joint between posts 4 and 5
Dynamic Deflection 6.2 inches toward field side

Working Width* and Height 51.1 inches, at a height of 148.5 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,
working width is the total barrier width plus the maximum dynamic intrusion of any portion of the barrier or test
vehicle past the field side edge of the barrier.
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Figure 6.3 Bicycle Railing on a Constant Slope Parapet after Test 616221-01.

6.6. DAMAGE TO TEST VEHICLE

Figure 6.4 and Figure 6.5 shows the damage sustained by the vehicle. Table 6.6 provide
details on the interior and exterior damage to the vehicle. Tables C.2 and C.3 in Appendix C.1
provide exterior crush and occupant compartment measurements.

Figure 6.4 Test Vehicle after Test 616221-01.
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Figure 6.5 Interior of Test Vehicle after Test 616221-01.

Table 6.6 Damage to Vehicle 616221-01.

Test Parameter Specification Measured

Roof < 4.0 inches 0 inches

Windshield < 3.0 inches 0 inches

A and B Pillars < 5.0 overall / < 3.0 inches lateral | O inches

Foot Well/Toe Pan <9.0 inches 0 inches

Floor Pan/Transmission Tunnel | < 12.0 inches 3 inches

Side Front Panel <12.0 inches 0 inches

Front Door (Above Seat) <9.0 inches 0 inches

Front Door (Below Seat) < 12.0 inches 0 inches

Side Windows The side windows remained intact

Maxnnum Exterior 12 inches in the front plane at the left front corner at bumper height
Deformation

VDS | 11LFQ6 | CDC [ 11FLEW4

Fuel Tank Damage | Yes ‘ The left tank was damaged, but was not punctured

Description of Damage to Vehicle:

The front bumper, hood, left headlight, left front tire and rim, left spring assembly, left u-bolt, left door,
left side step, left side center floor pan, left side lower edge of box, and left rear outer tire and rim were
damaged.

6.7. OCCUPANT RISK FACTORS

Data from the accelerometers were digitized for evaluation of occupant risk, and the
results are shown in Table 6.7 Figure C.3 in Appendix C.3 shows the vehicle angular
displacements, and Figures C.4 through C.6 in Appendix C.4 show acceleration versus time
traces.
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Table 6.7 Occupant Risk Factors for Test 616221-01.

Test Parameter MASH Measured | Time

OIV, Longitudinal (ft/s) <40.0 5.8 0.1890 s on left side of interior
OIlV, Lateral (ft/s) <40.0 10.7 0.1890 s on left side of interior
Ridedown, Longitudinal (g) <20.49 59 0.2640 - 0.2740 s

Ridedown, Lateral (g) <20.49 12.8 0.2663 - 0.2763 s

THIV (m/s) N/A 3.8 0.1829 s on left side of interior
ASI N/A 0.6 0.2686 - 0.3186 s

50ms MA Longitudinal (g) N/A -2.0 0.0512-0.1012 s

50ms MA Lateral (g) N/A 4.8 0.2290 - 0.2790 s

50ms MA Vertical (g) N/A 2.0 0.3714-0.4214 s

Roll (deg) <75 28 0.7130 s

Pitch (deg) <75 9 0.7249 s

Yaw (deg) N/A 23 0.9622 s

Comments:
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Test Agency

Texas A&M Transportation Institute (TTI)

Test Standard/Test No.

MASH 2016, Test 4-12

TTI Project No.

616221-01

Test Date

TEST ARTICLE

2021-11-08

TEST VEHICLE

Type | Concrete Parapet
Name | Bicycle Railing on a Constant Slope Parapet
Length | 122 feet 2 inches
. 39 inch tall concrete parapet with
Key Materials | /gq '3 1 3 4 1/4™ ASTM AS00 Grade B Railing
Soil Type and Condition AASHTO M147-65(2004), Type 1, Grade D Crushed

Concrete

IMPACT CONDITIONS

Impact Speed (mi/h)

Type/Designation | 10000S
Year, Make and Model | 2004 Freightliner M21G6
Curb Weight (Ibs) | 14 760
Inertial Weight (lbs) | 22 590
Dummy (Ibs) | N/A
Gross Static (Ibs) | 22 590

57.9

Impact Angle (deg)

15.2

Impact Location

5.6 feet upstream from the centerline of the parapet and
rail joint between posts 4 and 5

Impact Severity (kip-ft)
EXIT CONDITIONS

174

Exit Speed (mi/h) | Not Measureable
Trajectory/Heading Angle (deg) | Along Rail
Exit Box Criteria | Along Rail

Stopping Distance

TEST ARTICLE DEFLECTIONS

327 feet downstream
8 feet to the traffic side

VEHICLE DAMAGE

Dynamic (inches) | 6.2
Permanent (inches) | 2
Working Width / Height (inches) | 51.1/148.5

VDS | 11LFQ6
CDC | 11FLEW4
Max. Ext. Deformation (inches) | 12

Max Occupant Compartment
Deformation

OCCUPANT RISK VALUES

3 inches in the left side center floor pan

Long.OLV (ft/s) 5.8 Long. Ridedown (g) 59 Max 50ms Long. (g) -2.0 Max Roll (deg) 28
Lat. OIV (ft/s) 10.7 Lat. Ridedown (g) 12.8 Max 50ms Lat. (g) 4.8 Max Pitch (deg) 9
THIV (m/s) 3.8 ASI 0.6 Max 50ms Vert (g) 2.0 Max Yaw (deg) 23
- 27 ey
77—
5B — pa— '/—Exlland Heading Angle ‘ FB' !
[} Y 1 dL] ! 3
T RS
Impact{iigﬂe/ - 'Q*ﬁ T Section A-A
Irmpact Path Sele 1:20

Figure 6.6 Summary of Results for MASH Test 4-12 on
Bicycle Railing on a Constant Slope Parapet.
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Chapter 7. SUMMARY AND CONCLUSIONS

7.1. ASSESSMENT OF TEST RESULTS

The crash test reported herein was performed in accordance with MASH Test 4-12, which
involved one test, on the Bicycle Railing on a Constant Slope Parapet. Tables at the end of this
section provide an assessment of the test based on the applicable safety evaluation criteria for
MASH TL-4 longitudinal barriers.

7.2. CONCLUSIONS

Table 7.1 shows that the Bicycle Railing on a Constant Slope Parapet met the
performance criteria for MASH 4-12 longitudinal barriers.

TR No. 616221-01 20 2022-02-17



IC [0-1CC919 ON d.L

L1-20-TC0C

Table 7.1 Performance Evaluation Summary for MASH Test 4-12 on Bicycle Railing on a Constant Slope Parapet.

Test Agency: Texas A&M Transportation Institute

Test No.: 616221-01

Test Date: 2021-11-08

MASH Test 4-12 Evaluation Criteria Test Results Assessment
Structural Adequacy
A.  Test article should contain and redirect the vehicle or bring | The Bicycle Rail on a Concrete Parapet contained
the vehicle to a controlled stop, the vehicle should not and redirected the 10000S vehicle. The vehicle
penetrate, underride, or override the installation although did not penetrate, underride, or override the Pass
controlled lateral deflection of the test article is acceptable. | ingtallation. Maximum dynamic deflection
during the test was 6.2 inches.
Occupant Risk
D.  Detached elements, fragments, or other debris from the test | No detached elements, fragments, or other debris
article should not penetrate or show potential for from the bridge rail were present to penetrate or
penetrating the occupant compartment, or present an undue | ghow potential for penetrating the occupant
hazard to other traffic, pedestrians, or personnel in a work compartment, or to present undue hazard to
zone. . Pass
others in the area.
Deformations of, or intrusions into, the occupant No deformation or intrusion of the occupant
compartment should not exceed limits set forth in Section compartment occurred.
5.2.2 and Appendix E of MASH.
G. Itis preferable, although not essential, that the vehicle The 10000S vehicle remained upright during and
remain upright during and after collision. after the collision event. Maximum roll and pitch Pass

angles were 28 degrees and 9 degrees.




Table 7.2 Assessment Summary for MASH Test 4-12 on
Bicycle Railing on a Constant Slope Parapet.

Evaluation Evaluation Test No.
Factors Criteria 616221-01
Structural
Adequacy A 5

D S

F N/A
Occupant
Risk G S

H N/A

| N/A
Test No. MASH Test 4-12
Pass/Fail Pass

Note: S = Satisfactory; N/A = Not Applicable.
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APPENDIX A. DETAILS OF BICYCLE RAILING ON A CONSTANT SLOPE
PARAPET

TR No. 616221-01 25 2022-02-17



Test Installation

- 122-2"
et 31"-1"

Y

—Right Rail Section

Typical Rail Section f
— Typical Rail Section (Typ to end
fLeft Rail Section— / / ¥Pl I ion (Typ )
| ¥ ¥
|
Typ 5 places Plan View

3.1/2" ’I I‘ Typical Rail Joint Elevation View
54" Y 2 —DI r-—
. E’i T T T B7 Threaded Rod, @3/4" x 12 1/2"
462" g et with 10 172" embedment
| ‘ | ‘ See 1b
¥ g Lo Lo Nut, 3/4 heavy hex
. %:“_| ““:]j:“j | Washer, 3/4 F436
— I —1 — Washer, 3/4 F&644
1 I 1 I
&l & x all &
. ! L = o 112"
Section A-A } \N\F/Xsee 1c CP
Seale 1:20 ‘ Typical Rail Joint
o d Detail B | a2
=4 Scale 1: 10 |
[/ Lower Rail Joint .
Detail C T
Scale 1: 10 Typical Rail Joint
5 places
1a. All steel components, including hardware, shall be galvanized. = Texas A&M Roadside Safety and
1b. Secure with Hilti H'T-RE 500 V3 epoxy according to manufacturer's instructions. / Transportation Physical Security Division -
All hardware Typical x 2 at each Post. Al [nstitute Proving Ground
1c. Place 1/8" Fabric Reinforced Elastometric Pad between Posts and Concrete. Project #516221-01 Bicycle Rail Parapet 2021-07-18
Drawn by GES  Scale 1:175 Sheet 1 of 7 Test Installation

Q:\Accreditation-17025-201MEIR-000 Project Files\616221-01 TL-4 Bicycle Railing on Constant Slope Parapet - Kiani\Drafting, 6162211616221 Drawing

TR No. 616221-01 26 2022-02-17



Typical Rail Section
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Left and Right Sections

See previous sheet for information not shown here.
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Rail Joints
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Concrete
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Concrete Cross-section 3
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6a. Secure in existing concrete with Hilti HIT-RE 500 V3 epoxy according to
manufacturer's instructions. Maximum spacing is 18" Project #516221-01 Bicycle Rail Parapet 2021-07-16
Drawn by GES Scale 1:12 Sheet 6 of 7 Cencrete Cross-section

QMAccreditation-17025-201 TVEIR-000 Project Files\616221-01 TL-4 Bicycle Railing on Constant Slope Parapet - Kiani\Drafting, 616221616221 Drawing
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Rebar Details

a2(E) Bar

$a-172" 12"
3/4" Rebar ™

N

|< 44"

P 5-1/4" Typ

25-172"

@ 3-3/4"
2 places

28-1/2"

34-1/4"
+
. | J,
L Lﬁ 11-1/2" —m=
[ 44
. | d1(E) Bar
g 5/8" Rebar
> J d(E) Bar
— 11-1/8"
5/8" Rebar

Al Tt
ransporiaiion
Al institute

Project #516221-01 Bicycle Rail Parapet
Sheet 7 of 7 Rebar Details

Drawn by GES Scale 1:10
QMAccreditation-17025-201 TVEIR-000 Project Files\616221-01 TL-4 Bicycle Railing on Constant Slope Parapet - Kiani\Drafting, 616221616221 Drawing
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APPENDIX B. SUPPORTING CERTIFICATION DOCUMENTS
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TEXCRETE

Date Issued: 10/26/2021
Custemer: MBC MANAGEMENT
Project: TTI-BPR

The following concrete mix designs are proposed for use at the above referenced project. The concrete
compressive strength historical data submitted was derived from past mix designs produced by our ready-mix
plants and analyzed in accordance with ACI 214 or may be by the laboratory trial mixture method.

Mix Use
FN950200801 Test Barrier

To ensure the correct mix is delivered to your project, please order by the mix design code as indicated above.

The above mixes have been proportioned in accordance with the required sections in ACI 211 and/or your request.
The above designs will meet or exceed the indicated specified strength when the concrete is tested in accordance
with the applicable and current ASTM Standards and evaluated in accordance with the ACI 318 Building Code.
Failure to test concrete specimens in accordance with specifications will void all warranties. Any additional
products added to the concrete outside of the normal batching procedure will be at the liability of the purchaser.

Please notify Texcrete of approval of the proposed mix design prior to their use. Failure to notify us prior to the
first placement shall constitute acceptance. To ensure that the proper mix designs are ordered, please send a copy
of this letter, after approval, to the above referenced project to be used by the person ordering concrete for this
job.

Texcrete would like to be included on the mailing list to receive test reports at will@texcrete.net. ASTM C94 and
ACI 301 entitles the manufacturer to receive copies of the test reports when the strength of the concrete is used as
the basis for acceptance. This will not happen autematically it will require a request on your part to the testing
laboratory and owner. This information allows us to monitor your project as well as develop statistical histories for
your future projects.

Please contact us if you have any questions or require any additional information.

Respectfully Submitted,

Will Squyres
Director of Technical Services
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TEXCRETE

Concrete Mix Submittal

Customer: MBC MANAGEMENT
Project: TTI-BPR

Plant: Bryan

Mix Code: FN950200801

Mix Description: COM,5000,BLND,8",1.5%,T1A20,597,AD1

Mix Properties

Date Issued:
Usage:
Design Strength:

10/26/2021
Test Barrier

Bryan

5222 Sandy Point Road

5000 psi @ 28 Days

Bryan, Texas 77807
979-985-3636

Source Description Specific Weight Volume
Gravity b ft3
Capitol Cement TYPE | CEMENT 3.15 477 2.427
Boral CLASS F FLY ASH 23 120 0.836
Arcosa 1" RIVER ROCK 2.64 1392 8.450
Arcosa 3/8" PEA GRAVEL 2.64 515 3.126
Arcosa NATURAL SAND 263 1317 8.025
WATER 1 233 3.734
Chryso TYPE F HRWR 1
Air 0.405
TOTALS:  27.00 ft3 40563 Ib
Design Slump: 6.5-9.5\8 Unit Weight: 150.22 Ib/ft3
Design Air: 1.5 Design W/CM Ratio: 0.39

Texcrete has no knowledge or authority regarding where this mix is to be placed, therefore it is the responsibility of the project architect/engineer,
and/or the contractor to ensure that the above mix design parameters of compressive strength, water/cementitious ratio, cement content, and air
content are appropriate for the anticipated environmental conditions {i.e. ACI 318, ACI 301, and the local Building Codes).

The data enclosed represents the potential of this mix when sampled, cured, and tested per the appropriate and current ACl and ASTM standards.

Chemical Admixtures are added in accordance with the manufacture’s recommendations. Texcrete reserves the right to adjust these dosages to
meet changes in jobsite conditions and/or demands up to and including the substitution of equivalent products. Designed cementitious content is
stated as a minimum. Texcrete reserves the right to increase cementitious content.

Aggregate weights may change depending on gradations or specific gravity of material. Mix Design Proportions and specifications are confidential
and proprietary trade secrets of Texcrete. Any use or dissemination without permission is a violation of federal criminal law.

Will Squyres
Director of Technical Services

TR No. 616221-01
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2

CAPITOL

Type | (LA) Cement - C 150/C 150M

Production Period:

Capitol Cement

11551 Nacogdoches Rd.
San Antonio, Texas

Date :

August 9, 2021

Beginning July 1, 2021
Ending July 31, 2021
CHEMICAL PHYSICAL
Spec. Test Spec. Test
Iltem Limit Result _Item Limit Result
SiO, (%) A 19.7  Air Content of Mortar (volume %) 12 maximum 10.6
ALO; (%) A 56.
Fe,0s (%) A 1.8  Blaine Fineness (m*/kg) 260 minimum 403
CaO (%) A 64.55
MgQO (%) 6.0 maximum 12 Autoclave Expansion (%) 0.80 maximum 0.01
SO, (%) 35D 3.7 C 1038 Mortar bar expansion (%) 0.020% max 0.001
Time of Setting (minutes)
NayQ (%) A 018  Vicat
K0 (%) A 0.48 Initial Not less than 45 104
Equivalent alkalies (%) 0.48  Final Not more than 375 236
minimum 0.45
maximum 054  Compressive Strength
Ignition Loss (%) 3.5 maximum 2.4 1 Day (psi) A 2130
Insoluble Residue (%) 1.5 maximum 0.56
3 Day (psi) minimum (1740) 4080
Limestone (%) 5.0 maximum 2.36
CO; (%) A 1.00 7 Day (psi) minimum (2760) 5050
CaCO; in Limestone 70 Minimum 96
28 Day (psi) (June) A 6440
CsA (%) A 12
CsS (%) A 62
C,S (%) A 9
C,AF (%) A 6
A Not Applicable
(D) Permisible to exceed this value provided expansion does not exceed 0.02% at 14 days. (C-1038)
We certify that the above cement, at the time of shipment meets the chemical and physical requirements of
the current ASTM C 150 and AASHTO M 85 specifications.
The above data represents the averages of representative samples from production.
This product is made in the U.S.A
Signature P/ Py S Title Chief Chemist
Douglas Conroy
CAPITOL AGGREGATES, INC., P.O.Box 33240, San ANTONIO, TEXAs 78265-3240, PHONE: (Z270) 871-6100 WWW.CAPITOLAGGREGATES.COM
TR No. 616221-01 37 2022-02-17



PO Box 38

R E S O U R C E S Thompsons, TX 77481-0038

ASTM C618/ AASHTO M295 Testing of
Class “F” Fly Ash Oak Grove Plant Franklin, Texas Unit #1,2

Sample Date: May 2021 Report Date:
Sample Type: Monthly MTRF ID:
Sample ID: #5-2021
ASTM Limit
Chemical Analysis Results Class F/C
Silicon Dioxide (SiOz) 51.60 %
Aluminum Oxide (Al203) 1993 %
Iron Oxide (Fe20s3) 487 %
Sum (SiOx+ALOs+Fez0s) 76.40 % 50.0 min
Sulfur Trioxide (SO3) 0.74 % 5.0 max
Calcium Oxide (CaO) 1434 % 18.0 max />18.0
Magnesium Oxide (MgO) 280 %
Sodium Oxide (Naz0) 039 %
Potassium Oxide (K20) 098 %
Sodium Oxide Equivalent (Ma2O+0.658K20) 1.03 %
Moisture 0.11 % 3.0 max
Loss on Ignition 045 % 6.0 max
Available Alkalies, as Na:Oe 0.36 % *Not Required

Physical Analysis
Fineness, % retained on 45-um sieve 2791 % 34 max

Strength Activity Index - 7 or 28 day requirement

7 day, % of control 83 % 75 min

28 day, % of control 90 % 75 min

Water Requirement, % control 95 % 105 max
Autoclave Soundness -003 % 0.8 max
Density 227 g/iem3

P: 281.343.0079

7M6/21
13960G

AASHTO Limit
Class F/C

50.0 min
5.0 max

18.0max />18.0

3.0 max
5.0 max

1.5 max*

*when required by purchaser

34 max

75 min
75 min
105 max

0.8 max

The test data listed herein was generated by applicable ASTM methods. The reported resuits pertain only to the

sample(s) or iots) tested. This repor: cannot be reproduced withou: permission from Boral Resources.

AUTHORIZED SIGNATURE:

el oy 3 )5S

TR No. 616221-01 38

2022-02-17



Arcosa Aggrogates ARCOSA

401 South Interstate Highway 45
Ferris, TX, 75125
T972.544.5900

Arcosa Aggregates Laboratory Testing

This material {(Cameron-1336 / Plant #1) was sampled under on 05/03/21.

Summary of Results:

1" Coarse Aggregate
Sieve Weight Percent Percent Specifications %
Size Retained |Retained Passing Passing
11/2" 0.0 0.0 100.0
1" 148.0 22 97.8 95-100
3/4" 500.0 75 925
172" 2845.0 429 57.1 25-60
3/8" 4594.0 69.3 30.7
#4 6545.0 98.7 1.3 0-10
#8 6601.0 99.5 05 0-5
Pan 6631.0 100.0 0.0

Decant=0.3%

#57 SPECS SHOWING

Sincerely,

Quality Control Department
Arcosa Aggregates
05/06/21
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Arcosa Aggregates

401 South Interstate Highway 45

Ferris, TX, 75125
T 972.544.5900

Arcosa Aggregates Laboratory Testing

ARCOSA

This material (Cameron-1336) was sampled under ASTM D-75 on 06/02/21.
The sample was reduced under ASTM C-702.
This test was performed under ASTM C-136 & C-117.

Summary of Results:

3/8” Pea Gravel

Sleve Weight Percent Percent Specifications % |
Size Retained | Retained Passing Passing
112" 0.0 0.0 100.0
378" 23.0 07 99.3
# 2397.0 751 249
3 3139.0 983 17
#16 3170.0 993 0.7
[Pan 31920 1000 0.0
Decant (-200) = 0.3% Specific Gravity = 2.54
Unit Weight = 105.6 lbs pcf Absorption = 1.4%
Sincerely,
Quality Control Department
Arcosa Aggregates
06/04/21
TR No. 616221-01 40
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Arcosa Aggregates

401 South Interstate Highway 45

Ferris, TX, 75125
T 972.544.5900

Arcosa Aggregates Laboratory Testing

ARCOSA

This material (Cameron-1336 / Plant #1) was sampled under on 06/02/21.

Summary of Results:

Concrete Sand

Sleve Weight Percent Percent Spe0|ﬁcat|ons T |
Size Retained Retained Passing Passing
3/8" 0.0 0.0 100.0 100
H4 50 0.7 99.3 95-100
#3 111.0 155 845 80-100
#16 222.0 31.0 69.0 50-85
#30 334.0 46.6 53.4 25-60
#50 556.0 775 22.5 5-30
#100 699.0 975 25 0-10
#200 715.0 99.7 0.3 0-3
Pan 717.0 100.0 0.0
F.M. =2.69 Sand Equivalency = 88%
Load out
SG — 2.63 Unit Weight —101.4 Absorption — 0.8%
PLANT #1

Sincerely,

Quality Control Department

Arcosa Aggregates

06/04/21
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v% Concrete admixture

CHRYSO®

e - R - s A

HRWR - enhanced pumpability and
strength development for HPC.

CHRYSO® Optima 249 is a new generation high range water reducing
admixture based on proprietary polymers.

CHRYSO® Optima 249 is formulated specifically to enhance rheology
and strengths characteristics of High and Ultra-high Performance
Concrete (HPC & UHPC).

CHRYSO® Optima 249 exclusive formulation allows for extreme
easiness of use and robustness.

CHRYSO® Optima 249 is manufactured under rigid quality control
measures to provide uniform, reliable results.

m Benefits
¢ Provides enhanced workability retention

o Provides increased slump and flowability without increased water
content

elmproves finish, placement and pumpability of concrete
o Allows for ultra high strengths performances at all ages

o Improves concrete quality by reducing the water-cement ratio for a
given degree of workability

 Proprietary molecule reduces concrete viscosity (stickiness) allowing
for easier placement, better finish and enhanced pumpability

* Reduces cracking and shrinkage
o Improves concrete chemical resistance and durability

* Improves cementitious material performance (more psiflb)

m Areas of Application

CHRYSO® Optima 249 is recommended for all concrete mixes where
significant water reduction, improved cementitious material performance
(more psi/b), improved finishing and enhanced slump retention
characteristics are desirable including SCC.

CHRYSO® Optima 249 is especially recommended for use in high
performance concrete applications where very good slump or flow
retention characteristics and enhanced pumpability are required.

Compressive strengths Ib/in?

@ Standard PC HRWR = CHRYSO Optima 249

LHIZS0

www.chryso.com

TR No. 616221-01
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CHRYSO®

Physical state: liquid
Color: Amber
Density: Approx 1.07
pH: Approx. 4.5

CI" ion content: Nil

CHRYSO® Optima 249 is compatible with all types of Portland
cement, class C and F fly ash, slag, microsilica, calcium chloride,
fibers and approved air entraining admixtures.

CHRYSO® Optima 249 can be used in all white, colored, and
architectural concrete. For best results, each admixture must be

dispensed separately into the concrete mix.
CHRYSO® Optima 249 does not contain any purposely added
calcium chloride or other chloride based components. It will not
promote or contribute to corrosion of reinforcing steel in concrete. CHRYSO® Optima 249 may freeze at temperatures below 32° F
(0° C). Although freezing does not harm CHRYSO® Optima 249 ,

precautions should be taken to protect it from freezing.

Technical Datasheet

55 gallon (210 L) drums
264 gallon (1000 L) totes

on( If CHRYSO® Optima 249 should happen to freeze, thaw and
bulk deliveries

reconstitute with mechanical agitation.

i ) Do Not Use Pressurized Air For Agitation
CHRYSO® Optima 249 meets the requirements of ASTM C494,

Types A & F for a high range water reducing admixture. Shelf Life' 9 months

CHRYSO® Optima 249 is not considered dangerous to handle.
Please refer to the material safety data sheet for additional

CHRYSO0® Optima 249 is recommended for use at a dosage rate of 2to 5 ) )
information.

fluid ounces per 100 pounds (130 to 326 ml per 100 kg) of cementitious
material for a Type A and 4 to 12. fluid ounces per 100 pounds (261 to
782 ml per 100 kg) of cementitious material for a Type F.

CHRYSO® Optima 249 can be added at the concrete plant or on the job
site. In case of addition in a mixing fruck, it is recommended that the
concrete be mixed at high speed for 70 to 100 revolutions (approximately
4-6 minutes)

CHRYSO is a worldwide leader for Concrete and Cement
additives, CHRYSO has been servicing the construction Industry
for over half a century with outstanding innovation and service.

As a result, CHRYSO'’s name and products have been associated
with the most prestigious and demanding construction projects

Because local job conditions vary, please contact your local Chryso sales )
worldwide.

representative for further assistance if using outside recommended
dosage ranges.

CHRYSO Inc. Tei: (800) 936-7553 - Fax: 972-772-6010

Southern Division P.O. Box 190 Rockwall, TX 75032
Midwest Division P.O. Box 129 Charlestown, IN 47111
Western Division 5090 Nome St Denver, CO 80239

The information contained in this document is given tothe best of our knowledge and is the result of extensive and controlled testing. However, it cannot under any circumstances be
considered as a warranty involving our liability in the case of misuse. Tests should be conducted before the product is used to ensure that the methods and conditions of use of the
product are salisfactory. Ourspecialists remain at the dispesal of customers if they require help with the application of the product for their specific needs

www. us.chryso.com/

v. 512017
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Tuxas Corrugators, Inc
Ciust, PO -« M-2921

Lead - 3937571 BL -

3906637
Heat - NL5401
Order - 20319253

blr466

Allag Tube Alzbama

171 Cleage Dr
Blmingharn Alabrama USA
3hei7

Tuk

Faa:

Anld Ta
(uagknar Melals Cory Pp
160 Colonlal Cenlel rkwy Sulle 500

a-a Atlas 7upe

n n A DIVISION OF ZEKELMAN INDUSTRIES

MATERIAL TEST REPORT

REF.B/L: 81045248
Date: goris/202t
Customer: 830

Kiosckner Metals Corp.
SOUTHLOOP 4, P, O BOX 150367

COSWELL GA 3 BUDA TX 78715-036]
J8A USA
Ltterlal: 3.0%3.04250040°070{6x3). Material No: 300302604000 Made in: USA
Melted and Poured In: UsA
tizles Order: 1690809 Purchase Order: 7673856 Cust Materiak: T3145QAE000480
el Mo c Mn [ s s Al Cu Ch Mo Mi Cr T B N Ca
1L3401 0.200 5810 0.006 0.003 0.024 0.030 0.100 0.001 G.510 0030 0.650 0.001 00000 0.COB0  0.0010
Enxntle o BCs Yield Tenslle Eln.2in Carfilication CE: 0.36
1400581296 18 Q68045 Pal 083435 Psi M % ASTM A500-21 GRADE BAC
sl ML MUt ocatian Methad  Heoyolsd Content  Bast © BraC (Past E Withln Mlles at wogalion
HL5ADT NUCOR Decatur,AL EAF 83.70% 2380% 20.90% 85% 500
14 tarlal Note:
tates O, Note: —_ -
M1 thorized by Quality Assurance: W
T3 rasyliz raporied on this report rapresent tha zcial attribules of the materie! furnished and Indicate fulf with mll and conlract i ns,
E coloulaled using the AWS 1.1 mathod, This Isin Il with tha requl of EN 10204 ype 3.4

Swel Tube (8) Metals Service Center institute

« E«u, Institute
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04-212-2021 07:01 Load - 3937571 BL - 3906637 bird66
Tenas Corrugators, Inc Heat - 1074611
£t PO - M-2921 Order - 20319253

We hereby cerlity that (he test resulls presented here

CMC STEEL ALABAMA CERTIFIED MILL TEST REPORT are acculate and conform ta the reported grade specification
101 5 50TH STREET For addilional capies call .”{:
BIRMINGHAM AL 35212-3625 800-637-3227 u——ab

Marcus W. McCluney - CMC Stes! AL

Quallly Assurance Manager

1SERIES-BPS ®

HMEAT NO.:1074611 & | Kioack Melals Corp S| Kl Metals Corp D yi: 81568960
TIDN: FLAT 1/2X8 20'0” A36/52055 [s] H BOL#: 74331804
i DE: ASTM A36-19/A520-14 Gr 55 L | 500 Colontal Center Pkwy, Ste 500 | |2560 S Loop 4 CUST PO#: 7674052
| FIOLL DATE: 081122021 D | Raswell GA P | Buda TX CUST P/N: MB126FLTMAJ60240
VLT DATE: 0810612021 US 30076-0856 US 78610-5744 DLYRY LBS { HEAT: 8792.000 LB
P edt, Moo 83568960 7 074811B048 T | 8782598800 T | 5124726533 DLVRY PCS / HEAT: 48 EA
o 0 [ 5122057295
. Characterlsite  Value Gharaglerlslic Value Characterisilo Value
c 0.14% :  Elongation Gage Lgth test1  8IN
Wn 0.71% Yleld in tenslts ratio tosti  0.72
P 0.015% . Yield Strength tesi 2 58.9ksi
s 0.027% H Tenslle Strength 1est 2 78.3ksi
sl 0.17% B Elongation test 2 25%
Cu 0.40% | Elongalion Gage Lgth test2 81N
cr 0.21% Yleld 1o tenslle ratlo fesl2  0.72
M 0.15%
Mo 0.040% Tho Follewing ia i of the matorial reprosanies by this MIR:
v 0.004% “Matarial is telty Kiiadt
Ch 0,017% SO0 matted andt rolisd in the USA
Sn 0,023% “EMI0204:2004 3. caunpliant
B 0.0002% “Cortains no vreld repair
Ti 0.001% ‘Contains ro Mareury ontarminiion
N 0.0008% “Manufechursd in sccordunca with the iates? yarsion
Carbon Eq AB 0,35% of the plant quaty manyal
Carbon Eq A523  0,38% : "Moats the ‘Buy America” requisaments of 23 CTARIS4K0, 43 CFR 661
Yield Strength test 1 56.2ks! “Warnlng: This procire! can expasé you [0 chamicats whish are
Tensite Strength test 1 77.0ks! fnown fo the State at Gaiforia o cause caner, bith dstects
Elohgation test 1 25% or other reproduetive e, Far mive infanmmallor go
10 y2v FES a0

1R85 : ALSO MEETS ASTM GRADE A36, AB20-50, A520-55, AB72-50, AST2-55, A704-36, A709-50, AASHTO M270-36, M270-50, CSA 640,21-04 43W,50W, 55W
IE A-36 2008A ADDEND A

Page 1 OF 1 0B/20/2021 14:54;27
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1945 Alrpost Rasd

%fr mﬂm H Cohumalras, M5 39701
WM ngﬂﬂﬂm Thone: 5E2-MS-2200
Flai Roll Group Faic 652-2254297
Columbus Division
Qutter Mumbers  423498—1

Crrder Dimensions: D.2400%60.0000 (in) (MIN}
Ordered Frodvct:  A36 wCONVERSTON TO®
PRIME HOT ROLLED [ARD - FRIME

i
M
i
|
i
1

gﬁ%ﬁ_,nmmnmu Certfication

i
Soid To: KLOSCKNER METRLS (BOUSTORY

HOUSTON, TX 77028

i
Ship To: KLOECKNER MEIALS CORP

AoUSTON, TX 77028
i

48 CFR 3811 (B) requirements

Part Number: HR .2400XE0.6C00 AIS5
At Parkss Customes P 8 HTX~7427177-3 | 1 oag 25981565 Ship Date: 10/25/2019
Chemical Analysiz: “
Coit Humk Heat: nz:vmmncw:zmn_.mgazz,_zuﬂmnm&@
13BE71402 B914B83 [Tl el onl ond w I T Y S e e IR T I M
Weight: 45,880 1b. |
Wieghanical Properties: __ Epgiish.__ —Memic i
Yield Strength 54.0 ksi 372 MPa H
Tensie Swength 76.0 ksi 524 MPa m
Elongalion 28 % 29 % |
N-Value Hot Reperted 1
Hardness - HRBW ¥et. Reported |
Direction Transverse |
tinear Fooage 386 ft 273 m |
Actual Gauge .244% in $.22 mm b
;
i
t
]
i
i
i
]
W
Conversion 1o - meels chemisny requirements additional tegting required ﬁ -
We hereby certfy e abovs s corect as contzined in the records of the cempary | e
Kl 105ts performed according to ASTM standards: E3, A370, E18, E415, E1n9, - i
Eite Eat7 or 115 72241 or Dii En10325 a5 required. AT Heats ars edany | Y fucf\.._.x
Ga Treated. This praduct was Meled ans Mantfactured in the USA in. complance 10 mwwﬁ._.ﬂ&w.c
{he American iron and Stesi Step Conification and T2 Buy American Ack, including 1 Date: 10/25/2023  HutMIH Metaliurgical Engineer
i
H

i
i

i
i
!
i

g0ALEkL - Od NEND
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é —@madden

Ce

tificate of Compliance

|
ICUSTOMER: TE: RRUGATORS
CUSTOMER PO #: R-B4 ]
MADDEN BOLT $§# 12 ]
1 A193-B7
iiiia ;| _A1942H
Il F436
| uss
3 A153
TE A36

NOTES:

Madden Bolt cert#fies that tL: abgvematerial is in compliance with the chemical and physical
requirements of tHe ASTM or|AISI gpecifications.

Thank you, /

Authorized Signafure:

N / /
Date: September 0, 2021 | 3,/‘

e,

Houston, TX 77040 @ PH (713) 939-9599 @ EAX (713} 9397200

WWW.MADDENBOLT,.COM
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1 @madden

Galvanizing, LLC

September 10, 3021
Madden Bolt Cofpoerationi
13420 Hempstead Hwy| | |
Houston, TX 77080 1'

RE: Galvanizatign Ceri éa e pf Gompliance

if
To Whom It Mayfoncern:

I We certify that ofir Hot Dlp‘p "est meets the requirements of ASTM A153 Specification on the
following order. !

i
CUSTOMER #: TEXAS CORRUJAJF#LS |

SALES ORDER #: 128367 || PL*RC

TASE ORDER #: R-3483

Approved By: / el

R 2

13420 Hempstaald 1 ouston, TX 77040 @ PH (713) 939-9999 @ FAX (713) 9397200

WWW.MADDENBOLT.COM
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| I
ab Mulel ;C erlification 1 | Page 15 038
VulcanfThreaded Hipdyq 1
10 Crols Creek Tral |
[}an P AL 5134 | | JOB MATERIAL CERTIFICATION
Tet (20b) 620-6104 | I
THHEADED PRODUCTS. INC.  Fax (245) 620-515D :
Job No: 647139 Job information Certified Date: 11/6/19
516461908 8‘16431999 168671910 S16461911 S16461912 $18461913 $16461914 516461915
; 516461916 Sﬁﬁdﬁ?gﬁ 16461918 516461919 S16461020 S16461021 §16461922 316461923
[Containers: S16461%24 S164 519?5 16461926 S168461927 $16461928 S16461929 $S16461930 516461931
3 516461932 S104B196 1916461063 5164561066 S16461967 S16461970 S16461871 316461972
$16461%73 81 451% 4|516461975 $16461978 516461977 S16461978 516461979 516461980
P
. il . 13420 Hempstead Hwy
i Customer: Madden Boit Carp ! Ship To; Houston, TX 77040
Vutcan Part No: ATR B7 §/4x12
Cqstémer Part No: ATR BT $/4x12 | |,
Chs;;omer PG No: PEBDET? |l ! Shipped Qty: 200 pes
‘ Order No: 380880 g Line No: 4
! Note: a1
} Appticable Specifications
Tipe i 15phifichtion Rav Amend Option
L ABTM 64 Gd 106 84 2018
Hbat Trea ASME Bafesisa-193m 87 2013
ASTH A3 87 2017
Test Reslilts i |
See following pages for tests | ;
. : ‘ erlified Chemical Analysis
) Heat No- 10509880 Lot 304 | 1 Origin: USA
c Min p EN sl cr Mo Ni \ Cu
0.42 0.88 0.007 0625 0.27 0.91 0.2% 0.05 0.002 0.11
A b Sn i ! N 8 Dl RR G.5. Macro
0.027 0.002 0.004 %02 0.0060 00001 527 68:1 fine 2
Macro R Macra C J1 2| J3 J4 J5 Jg J7 Je
2 2 57 57 . 87 57 57 57 &7 59
J& J10 J12 '114 Ji6 Ji1g J20 J24 J23 Jaz
84 53 50 49 46 46 4% 43 41 38
Notes
Matsslal was imanufactured, lested and Infpected gs required dy the product standard and in accorcance with Vulcan's 150 500120156 Qualily Management
System relgislered June 30, 2017, Prockssed natufial’ls Teriperpd - Stress Free. No weld repair perfarmed on the matetiat, No Marcury used i the
production] of this malterial. Mefied and Minufactured)in (he LISA. |
Document is in accordance with EN 1020k - 5.13 of cml‘q Y
Grade -4 ﬂd .
EAF Melldd !
!
i i ‘ Plex 11/6¢19 4:00 FM yule,sano Page 1 of 2
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i !
L VAL i;qu..uulwunUI! | rage 1o ol 3>
i Vulcanfhreaded FerLC 5:
! Y 10 Crogs Creek Trail |
U lﬂan patnark At 30174] | | JOB MATERIAL CERTIFICATION
; Tel (20) 620-5109 | -
THREADED;‘F’ROOUCTS‘ INC.  Fax (20p) 620-5153 | |
Job No: 847139 ‘ A1l Pob Information Certified Date: 11/6/18
5168461908 5164551969 §16461910 516461911 S16461912 518461913 516461914 516481915
‘ 516461416.8164819|F| 18 161}61918 S16461919 $516481920 S16461921 S16461922 316461923
Contamers: S16461424 S1G461926|8 16461926 516481927 5164810928 516461029 S16461930 816461931
516461432 81Q451951 416461963 S164619668 S16481967 S16461970 S16461971 516461972
S16461973 S164615TR| 816461975 516461976 5164610977 816461978 S16461579 516461880
Test Resylts : :
Part No: BAR B7 .6813x262 HT i
Test No. 57318 Tesl: Quench & Temper@informallon (L hs)
Description Austenitizing Temp AF) T rl“g"y |'.|| Temp (F) Run Speed  (Ft/min) Queanch Water Temp  (F) Note
Resuls 1.669 S| a7 T 9
Test No: 5;’31:6 Test: Paclial Decarh Tes ) ' i
Degcr ption Spirface Cary I( 1.} Partial Surface Decarb. (in.} Note
‘ 0 : 0.0035
Test No: 537 Test: F1584-105 FB Reduirements
| Deseriptign © Tenslla (kel} (ksi}  Yi#id 0.2% OH: ei( (k(i) Elongation (%)  Elongation Gage Length {8in) ROA %) Note
t : 135 125" 145 gn B0
Test No: 67318 Test A193 B7, F1354-1p3 Requiqju .:;fcu;
. | Fensile  Yield 0.2% ngation ||’ ROA Midradius Surface Center Hardnass
Desoripioh |"is))  OFfset (ks- | (%) | | (%) Hardness  Hardness  Hardness  Test Type Nate
|1 127 2z | 66 20 28 29 HRC
i136 127 21 o 64 28 28 28 HRC
{139 128 22 | 63 28 28 8 HRC
137 126 18 ' 66 28 28 28 HRC
i 138 124 23 66 29 28 28 HRC
i 137 126 21 66 29 29 28 HRC
| 195 125 21 84 29 28 2 HRC
Test No: 5?3%9 Test: F1554 Gd106 54 fharpy #fb
Descrlplins Container Test Tdmp ({F) | Tert2 (fUibs) Testd (ftibs) Resulls Avg  (tiibs) Note
i $0 ! 120 113 "7
Sam (-N‘(rwuﬁod 116119
n Noreood Saliie - Cedilicalion Enginesr Date
Plex 1176719 4.00 PM vule. sano Page 2 of 2
I
-
i :
itpsi/iwpw.plexonline com/EF -}‘)2(\2*—;[:);5 —l FAE-8119-077DVE2FCODF/Sales/Report_Job Certasp?... /1372020
i A1

TR No. 616221-01

50

2022-02-17



I
v i ‘ ; , .
Stgifast Ine.l! Report of Chemical and Physical Properties
[ i =
22049 Sttt alichi
Strofgsville,|OF E(‘%
aaifo 1
1ssued To: Madden Bolt Qorp :
1 13420 Hempstehd ;
1 HOUSTON, ! Purchase Order: PE623061
} 77040 i Stelfast Ovder; SO 248672
I !
! Certifiente#: 844,952
Ouantity: 5,000 ; Lot Number: N2019111215HH
Pz:!rt #: AZHIGO750 !J‘ w Heat Number: 18209639-4
I)esm‘ilili(m: 34010 Bvy 1oy Nuf 241 HDGF )-“5" oep Comniry of Ovigin: CN
ny Chemical Analysis
C Mo P sillllc MoV B NI Cu
040 069  0.024 002 || ok ]
N |
! {1 t[“’ﬁédianical Properties
Tempgring Temp. ‘ |‘ 400 ¢
Hardrjess After 24 HRS At 30 C 198 HR
Hardiess (Core} 27T HBOHRC
ProofjLead 175 K8
Macrg Fitch Test S22/
ABIM A194(16) - 211

Grade Markings

=
<]

'Percby certify that th above datd I3 o tre copy of the data furnished to us by the producing mill or the data
vesu|ting from tests perfor nLd ina ‘”,L‘ ezfilaboratories. Stelfast does not certity to customer's part number,
Thig certificate applies tg the pﬂ? t wik on this document, as supplied by Steifast Inc. Alterations to the
produdt by our customer orfa third pér? wil render this certificale void.

|

‘ ' \I Et:'a\;’s il é:;‘iii'!z\-ﬂ{i‘;ri}w’a‘; i\‘« .
Juddof |hjpepzsel o 4
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WL jezodb3a-0 [0
Ouality Manapde ij“j ﬂz@{q‘“‘l\fa#” )
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"I‘EST REPORT TO DIN EN 10204-2005 3.1

36M-19 TYPE | ROUND WASHERS
| PACTORY: 171 & MORGANLIT DATE: 1571112020
| aboresss N0z piant 1 Thigsed R, Whyan MANU DATE: 2241072020
Fown, Baiys, Zhej uhg, Qe MEG LOT NUMBER: M201127
TEL: (mnssz#]sqzaasa [ PO NUMBER; 1162196
CUSTOMER: :
CAMPLAL S8 PLANPTER ASMI I} B[ Clesdry 22007, ASEM 114702019 TARLE S
S1ZE! I | e
NIANL Q1Y : a0 s ¥ SEHEPED QTY: Wy YOS
—_— e — ‘ —— ‘...I - - e = ettt -
STEEL PROPERTIES e
STERL GRADE: 451 : ; MBAT MUMBER: 242017271
CHEMISTRY SPLC: 1EA o | 1w S
0 ';‘H! ; 3 E).l)flmnx 0,05y
TRST: | i 10,73 0. 0.0%,
i
DIMENSIONAL INSPRECTION 5 SPRCIFICATION: AN F436/R436M 19
CHARACFPRIW S 1Es1 MEHAD SPRCIFIRD ACTUAL RESULT  ACC. REL.
PR e i PP R T Tt T EE LI e e R A SR A psth
APPEARANCE ST 436M-19 PASSED 9 0
OUTSIDE DIA AT st assm-19 36.47-38.40 36.64-36.78 8 D
INSIDE DIA AT 43aM-19 20,6521 46 11162121 3 o
THICKNESS AT -19 3 10-4.50 3.30-340 4 0
© MARKING ] P K 8 0
L MrenANioAL PRO#ERTES | ] 7T SPECIFCATION: ASTM I R T T 0
‘ CH ;\RACTER[S‘TIT g -F,S’T HrHOD SPRCIFIFD ACTUAL RESULT — ACC L.
R T TS LR EEL LS L !‘{u"*‘ L“’L-‘ PIEsE SRS B LRSS e w sk b bk sk A R IE RO ELEE T kb
HARDENSS : A8, Airedusrngyi-19 26-45 IRC 39-40 8 o
DIMENSIONAL INSHECTICNS [ | | : SFTORCATION: ASTM Pmmimassm1s
CHARACTERISTIES T MHTHGD SPECIMED ACTUAL R]"HULT ATC, REL.
PR EYS SRR TR RLE B gl kg d FLEEREEE EEE LS FPEEEL T L L e A ESEE R
HOT DIP GALVANIEE SR MIN 0,0020 1N B.0150-0.0 180 8 N

EMETHODS PRESCRIBED IN THE APPLICABL [ SAR SPECIFICATION.

ALL TESTS IN ACCH 1
TUEREPRESENTATION OF INFORMATION PROVIDED BY THE

WE CERTIPY THATHIHLS DA

i
Ha ]
#

MATTRIAL SUPPLIER AND OUR [TERITNG LABORATORY

150 900} 12015 $GS Getificate 1.(1‘4 iths | e

= heroby oortify thift above producls sy lied nre in conipliance with aff the requir _ﬁan}\ %(]) Q

“iwe here by certify (it this MR s 1o bapiplinhco fo DIN N 102042005 5.1 oo entv{m W, K

at{ B

\lﬁi\\\ 1TV __\'l'i\(

CEGNATURRDE. e TAB MGR.)
(NAME OF MANUFACTURER}

’:i'\;’]:u HM 1"‘);{-
B P v
| Has sé:g n{'Z@ ] ie;l'r P C
| Lo f" 32(3‘ | — i b
| TR g‘mg ! :
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% Texas ASM Doc. No. Revision Date:
/‘ Transportation QF 7.3-01 Concrete QF 73-01 2020-07-29
. Revised by: B.L. Griffith Revision: Page:
Quallty Form Approved by: D. L. Kuhn 7 1of1
Project No: 616221-01 Casting Date: 10/19/2021 Mix Design (psi): 4000
Name of Technician Name of Technician
Taking Sample Terracon Breaking Sample Terracon
Sighature of Signhature of
Technician Technician Breaking
Taking Sample Terracon Sample Terracon
Load No. Truck No. Ticket No. Location (from concrete map)
T1 114 84756 70 feet of deck starting from South End
T2 122 89330 Remaining northern section of deck
Load No. Break Date Cylinder Age Total Load (lbs) Break (psi) Average
TR No. 616221-01 53
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o E c R E I E
REMIT PAYMENT TO: DISPATCH - 979-316-2906
P.O. BOX138 OFFICE - 979-985-3636
. ESPANOL - 512-658-7809
KUBTEN, TX 77862 5222 Sandy Point RD. 17534 SH 6 South 5
Bryan, Tx 77807 College Station, TX 77845
TIME FORMULA LOAD SIZE YARD ORDERED DRIVERTRUCK PLANT TRANSACTION#
DATE LOAD# YARDS DEL. BATCH# WATER TRIM SLUMP TICKET NUMBER
QUANTITY CODE DESCRIPTION UNIT PRICE EXTENDED PRICE
LEFT PLANT ARRIVED JOB START UNLOADING SLUMP CONCRETE TEMP AIR TEMP
FINISH UNLOADING LEFT JOB ARRIVED AT PLANT ON SITE TESTING
TERRACON
TESTING LAB:  GESSNER ADDITIONAL CHARGE 1
CME OTHER
TESTED AR CYLINDERS ADDITIONAL CHARGE 2
Oves [Owo GRAND TOTAL
WARNING PROPERTY DAMAGE RELEASE Excessive Water is Detrimental to Concrete Performance.
{TO BE SIGNED IF DELIVERY TC BE MADE INSIDE CURB LINE)} H.0 Added by Request/Authorized By:
IRRITATING TO THE SKIN AND EYES Dear_ Gustomer - The driver of this truck in presenting this P y Req y:
: RELEASE 1o you for your signature is of the opinon that the
Contains Portland Cement, Wear Rubber Boots and Giloves. PROLONGED size and wsug{u of this fruck may possibly cause damage to GAL X
CONTAGT MAY CAUSE BURNS. Avoid Contact With Eyes and Prolonged i i g, Sdlacent proporty” i he" piaces the
Contact with Skin. In Case of Contact with Skin or Eyes, Rinse Thoroughly With  help you in everyway hal we can, butin ‘order 1o da this the WEIGHMASTER
Water. f ritation Persists. Get Medical Attention.KEEP CHILDREN AWAY]  dniecs SupRker o ) eI A JErSanS i
CONCRETE PERISHABLE COMMODITY and BECOMES THE PAOPERTY of [the ™Ay, occur llo the premises and or adacent poperly.
PURCHASER LIPON LEAVING the PLANT. ANY CHANGES or CANCELLAT\BNO b &uu‘sémg?éris;‘\fe‘;‘ﬂﬁsﬁa?mﬁwi :ac?;r?g.aalrg 3 lh:i%allu?r:y of s h f dit T
ORIGINAL INSTRUCTIONS MUST be TELEPHONED 1o the OFFICE BEFORE LOADING MU TTOm the WhBels BT HIE VEREle 28 hen he vl ook HEonore urcharge for credit cards
starts. The undersigned promises 1o pay all costs, including reasonabie attornsy’s fee public streals. Further as addifional considerafion: the
Incurred in collecting any sums owed. undersigned agrees to indemnify and hald harmless the [ENepile=aNvY SIGNATURE BELOW INDICATES THAT | HAVE READ THE HEALTH
e " driver of this truck and this supplier for any and all CEZEALE WARNING NOTIGE AND SUPPLIER WILL NOT BE RESPONSIBLE FOR ANY DAMAGE
All accounts not paid within 30 days of delivery will bear interest at the rate of 18% per the premises and /or adjacent proper ich may be ESSTELLETIEY DELIVERING INSIDE CURB LINE.
jrnum. Not Rasporisila For Reactive Aggregate or Color Quaity. No Giaim Alowsd Unieps amed by anyona ta have arsen out f dslivery of ths Grder
Agiﬁ 00 Service Charg‘e and Loss of the Cash Discounted will be Caliected on all ReturneH LOAD HEGEIVED BY
Checks. Demarge charge atier 90 min. will be $100.00/hr, X
X

TR No. 616221-01
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TEXCRETE

Rede-mis Goncrete Company

REMIT PAYMENT TO:
P.O. BOX138
KURTEN, TX 77862

w
%

222 Sandy Point RD.
Bryan, Tx 77807

RETE

17534 SH 6 South
College Station, TX 77845

DISPATCH - 979-316-2906
OFFICE - 979-985-3636
ESPANOL - 512-6858-7809

TIME FORMULA LOAD SIZE YARD ORDERED DRIVERTRUCK PLANT TRANSACTION#
DATE _LOAD# YARDS DEL. BATGH# WATER TRIM SLUMP TICKET NUMBER
QUANTITY CODE DESCRIPTIO! UNIT PRICE EXTENDED PRICE

LEFT PLANT ARRIVED JOB START UNLOADING SLUMP CONCRETE TEMP. AIR TEMP
FINISH UNLOADING LEFT JOB ARRIVED AT PLANT ON SITE TESTING
TERRACON

TESTING LAB:  GESSNER ADDITIONAL CHARGE 1

CME OTHER
TESTED AIR CYLINDERS ADDITIONAL CHARGE 2

Oves Owo GRAND TOTAL

WARNING PROPERTY DAMAGE RELEASE Water is to Concrete F

IRRITATING TO THE SKIN AND EYES
Contains Portland Cement, Wear Rubber Boots and Gloves. PROLONG

ED

CONTACT MAY CAUSE BURNS. Avoid Contact With Eyes and Prolonged

Contact with Skin. In Case of Contact with Skin or Eyes, Rinse Thoroughly
Water. If Irritation Persists. Get Medical Attention.KEEP CHILDREN AWAY

CONCRETE is a PERISHABLE COMMODITY and BECOMES THE PROPERTY. off
PURGHASER UPON LEAVING the PLANT. ANY CHANGES or GANCELLATION
ORIGINAL INSTRUCTIONS MUST be TELEPHONED to the OFFICE BEFORE LOADII
starts. The undersigned promises ta pay all costs, including reasanable attorney's fa
ineurred in collecting any sums owed

Al accounts not paid within 30 days of delivery will bear interest at the rate of 18% per
annum. Not Responsible For Reactive Aggregate or Color Quality. No Claim Allowed Unld
Mad at Time Material is Deliverad,

A $25.00 Service Charge and Loss of the Cash Discounted will be Collected on all Returnd
Chacks, Demergs charge after 80 min. will be $100.00/r.

ith

the
of

©

s

ss

{TO BE SIGNED IF DELIVERY TO BE MADE INSIDE CURB LINE}
Dear Cusiomer - The driver of this truck in presenting this
RELEASE 10 you for your signature is of the opinion that the
size and weight of this truck may possibly cause damage 10
the premises andior adjacent progery if he-places ine

GAL X

H,0 Added by Request/Authorized By:

material in this load where you desire i oL 10
help you in everyway that wé can, but in arder to do this the
drive? is requesting that you sicn this RELEASEreleving him

WEIGHMASTER

and this supplier from any responsibility from damage that
rraa?(‘ occur 1o 1he premises and or adjacent property,
buildings, sidewalks, driveways, curbs, etc. by the delivary of
this material and {hat you also agres to help him remove

mud from the wheels of his vehicle 5o that he will net liter the
public B .as_addiional consideration; the
indersigned agress 1o indemnily and hold harmiess the
driver ol

to
this truck and this supplier for any and all damage 1o
the pramises and /or adjacent property  which ay be
EI‘EG'%EEdDby anyone to have ansen out of delivery of this order

X

LOAD RECEIVED BY

X

Surcharge for credit cards

NOTICE: MY SIGNATURE BELOW INDICATES THAT | HAVE READ THE HEALTH
WARNING NOTICE AND SUPPLIER WILL NOT BE RESPONSIELE FOR ANY DAMAGE
CAUSED WHEN DELIVERING INSIDE CURE LINE

TR No. 616221-01
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CONCRETE COMPRESSIVE STRENGTH TEST REPORT

Report Number: Al171057.0213
Service Date: 10:19/21
Report Date: 11/10/21
Task: PO# 616221-01

6198 Iinperial Loop
College Station, TX 77845-5765

979-846-3767 Reg No: F-3272

Client

Texas Transpeortation Institute
Attn: Gary Gerke

11T Business Office

3135 TAMU

College Station, 'TX 77843-3135

Project

Riverside Campus
Riverside Campus
Bryan, TX

Project Number: A1171057

Material Information

Sample Information

Specified Strength: 4,000 psi @ 20 days Sample Date: 10/19/21 Sample Time: 0935
Sampled By: Randy Rippstein

Mix ID: FN94023050 Weather Conditions; Partly Cloudy, moderate wind

Supplier: Texcrete Accumulative Yards: 7 Batch Size (ev): 7

Batch Time: 0841 Plant: Bryan Placement Method: Direct Discharge

Trueck No.: 114 Ticket No.: 56277 Water Added Before (gal): §

. Water Added After (gal): 0

Field Test Data Sample Location: See GPS Location
Test Result Specification Placcment Location: Sidewalk for foture guardrail

Slump {in): 61/2 attachments

Air Content (%): 1.5

Concrcte Temp. (F): 78

Ambient Temp. (F): 66

Plastic Unit Wt. (pet): 148.0

Yield (Cu. Yds.): 7.0

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) (Ibs) (psi) Type By
1 A 6.01 28.37 11/08/21 20F 110,330 3,890 3 SIS
1 B 6.01 28.37 11/08:21 20F 128,440 4,530 3 SLS
1 C 6.01 28.57 11/08/21 20F 117,990 4,160 2 SLS
) D Hold
Initial Cure: Outside Plastic Lids Final Cure:

Comments: F = Field Cured

Note: Reported air content does not include Aggregate Correction lactor (ACE).

Samples Made By: Terracon

Scryices: 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.: Randy Rippstein
Reported To:  Bill with TTI
Contractor:

Report Distribution:

Start/Stop: 0900-1300

(1) Texas Transpotiation Tnsiiiue, Gury Gerke (1) Terracon Consuliands, Ine., Alex Dunigun, P.E

{17 Texas Transportation Lostitute, Bill Geiiith

Test Methads: ASIM C 31 ASTM C1453, ASTM €231, ASTM C1064

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

CRONOT, T=146- 13, Teey &

TR No. 616221-01

Page 1 of 2
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CONCRETE COMPRESSIVE STRENGTH TEST REPORT

Report Number: A1171057.0213 1rerracon

Service Date: 10/19/21 6198 Imperial Loop
Report Date: 11/10/21 College Station, TX 77845-5765
Task: PO# 616221-01 979-846-3767 Reg No: F-3272
Client Project
Texas Transpeortation 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 @ 20 days Sample Date: 10/19/21 Sample Time: 1005
Sampled By: Randy Rippstein
Mix ID: FN940235050 Weather Conditions; Partly Cloudy, moderate wind
Supplier: Texcrete Accumulative Yards: 14 Batch Size (ey): 7
Batch Time: 0900 Plant: Bryan Placement Method: Direct Discharge
Truck No.: 122 Ticket No.: 49887 Water Added Before (gal): 0
. Water Added After (gal): 0
Field Test Data Sample Location: See GPS Location
Test Result Specification Placement Location: Sidewalk for future guardrail
Slump (in): 61/4 attachments
Air Content (%): 1.6
Concrete Temp. (F): 82
Ambient Temp. (F): 69
Plastic Unit Wt. (pef): 147.4
Yield (Cu. Yds.): 7.0

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) (1bs) (psi) Type By
2 A 6.01 28.37 11/08/21 20F 120,320 4,240 3 SLS
2 B 6.01 28.37 11/08/21 20F 121,600 4,290 1 SLS
2 C 6.01 28.37 11/08/21 20F 120,820 4,260 3 SLS
2 D Hold

Initial Cure: Outside Plastic Lids Final Cure:

Comments: F = Field Cured
Note: Reported air content does not include Ageregate Correction Factor (ACF),

Samples Made By: Terracon

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

Terracon Rep.: Randy Rippstein Start/Stop:  0900-1300

Reported To:  Bill with T'T1

Contractor: .

Report Distribution: . .
{1) Texas Transportation Tnstitute, Gary Gerke (1) Terracon Consultants, Tne., Alex Dunigan, PR Reviewed By'

(1) Texas Transportation Tnstilute, Bill Guiffith Mderﬁunigaﬂ
Project Manager

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

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

> 2o
CROO01, 11-16-12, Rev.6 Page 2 of 2
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% Texas ASM Doc. No. Revision Date:
/‘ Transportation QF 7.3-01 Concrete QF 73-01 2020-07-29
. Revised by: B.L. Griffith Revision: Page:
Quallty Form Approved by: D. L. Kuhn 7 1of1
Project No: 616221-01 Casting Date: 10/29/2021 Mix Design (psi): 4000
Name of Technician Name of Technician
Taking Sample Terracon Breaking Sample Terracon
Sighature of Signhature of
Technician Technician Breaking
Taking Sample Terracon Sample Terracon
Load No. Truck No. Ticket No. Location (from concrete map)
T1 130 89913 70 feet of barrier starting from South End
T2 101 89917 Remaining northern section of barrier
Load No. Break Date Cylinder Age Total Load (lbs) Break (psi) Average
TR No. 616221-01 58
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TEXCRETE

Redi-weet. Comcrete Compary

REMIT PAYMENT TO:
P.O. BOX138
KURTEN, TX 77862

(4]
R

222 Sandy Point RD.

EXCRETE

17534 SH 6 South

Bryan, Tx 77807 College Station, TX 77845

DISPATCH - 979-316-2906
OFFICE - 979-985-3636
ESPANCL - 512-658-7809

- TIME FORMULA LOAD SIZE YARD ORDERED DRIVER/TRUCK PLANT TRANSACTION#
DATE LOAD# YARDS DEL. BATCH# WATER TRIM SLUMP_ _ TICKET NUMBER
QUANTITY CODE DESCRIPTION UNIT PRICE EXTENDED PRICE
LEFT PLANT ARRIVED JOB START UNLOADING SLUMP CONGRETE TEMP. AIR TEMP
FINISH UNLOADING LEFT JOB ARRIVED AT PLANT ON SITE TESTING
TERRACON
TESTING LAB:  GESSNER ADDITIONAL CHARGE 1
CME OTHER
TESTED AIR CYLINDERS ADDITIONAL CHARGE 2

[ ves

(o

GRAND TOTAL

PURCHASER UPON

incurred in collecting any sums owed

Made at Time Material s Delivered
A $25.00 S

arvice Charge and Loss of the Cash Discount
Checks. Demerge charge after 30 min. will be $100.00/r.

WARNING
IRRITATING TO THE SKIN AND EYES
Contains Portland Cement. Wear Rubber Boots and Glaves. PROLONG
CONTACT MAY CAUSE BURNS. Avoid Contact With Eyes and Prolon
Contact with Skin. In Case of Contact with Skin or Eyes, Rinse Thoroughly
Water. If Irritation Persists. Get Medical Attention KEEP CHILDREN AWAY.

CONGRETE is a PERISHABLE COMMOQDITY and BECOMES THE PROPERTY of
LEAVING the PLANT. ANY

ORIGINAL INSTRUCTIONS MUST be TELEPHONED
starts. The undsrsigned promises to pay all costs, incluging reasonable attorney’s feet

All accounts not paid within 30 days of dalivery will bear interest at the rate of 18% per
annum. Not Responsible For Reactive Aggregate or Golor Quality. No Claim Allowed Unlekss

CHANGES or
to the OFFICE BEFORE LOAD|

CANCELLATION

ted will be Collected on all Returned

PROPERTY DAMAGE RELEASE
(TOBE SIGNED IF DELIVERY TO BE MADE INSIDE CURE LINE)
Dear Custorner - The driver of this truck in presenting this

ep  FELEASE o you for your signature is of he opinion thit the

GAL X

Excessive Water is Detrimental to Concrete Performance.
H,0 Added by Request/Authorized By:

it of this truck may possibly cause damage to
bed Ine pramisae apder adacent property’ i s the
material in this load where lesire i t is jish to

ith help you in everyway th W o DUt I et 1 do this the WEIGHMASTER
dnyer i€ requesiing that you sign this RELEASE ol him
and this supplier from any respansibility from damage that
to  the 1 or adja property,

the 2y occur ises an cent r

of  Bulldings, sidewalks, driveways, curbs, stc. by the delivery of

G this material and that you
mud from the w

2 perty which m:
glaimed oy anyone to have arisen ot of delivery of ihis order

LOAD RECEIVED BY
X X

Surcharge for credit cards

NOTICE: MY SIGNATURE BELOW INDICATES THAT | HAVE READ THE HEALTH
WARNING NOTICE AND SUPPLIER WILL NOT BE RESPONSIBLE FOR ANY DAMAGE
CAUSED WHEN DELIVERING INSIDE CURB LINE
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IEAULKEIE
REMIT PAYMENT TO: DISPATCH - 979-316-2906
PO. BOX138 OFFICE - 979-985-3636
: ESPANOL - 512-658-7809
KURTEN. TX 77862 5222 Sandy Point RD. 17534 SH 6 South
Bryan, Tx 77807 College Station, TX 77845
e T ronMuiA . oADsize| | vampompemen | __ DRIVERTRUCK . | |PLANT TRANSACTIONS|
oke sl e e ~| . vARDSDEL. _ BATCHE | WATERTRM _SLUMP | TICKET NUMBER
L ousNWY - T Gooe T | eetReToN UNITPRICE  EXTENDED PRIGE
LEFT PLANT ARRIVED JOB START UNLOADING SLUMP [ concreTe Temp. AIR TEMP
FINISH UNLOADING LEFT JOB ARRIVED AT PLANT ON SITE TESTING
TERRAGON
TESTING LAB:  GESSNER ADDITIONAL CHARGE 1
CME OTHER
| TESTED AR CYLINDERS ADDITIONAL CHARGE 2
'I Oves Owo GRAND TOTAL
PROPERTY DAMAGE RELEASE Excessive Water is D, to Concrate P
WARN'NG (TOBE S\G?JRED IF DELWER\’A]!g BE MADE INSIDE CURE LINE) H.0 Added by Re uest/Authorized By'
IRRITATING TO THE SKIN AND EYES Dear Customer - The driver of this truck in presening fhis L 9 :
E RELEASE 1o you for your signature is of the opinion that the
Contains Portland Cement, Wear Rubber Boots and Gloves. PROLONGED Siza and weignt of Ihis truck may possibly catise damage fo GAL X
CONTACT MAY CAUSE BURNS. Avoid Contact With Eyes and Prolonged ‘m*';‘aglgﬁ‘gﬁﬁsa‘gg';;;ggﬂggj Saared g placse the
Contact with Skin. In Case of Contact with Skin or Eyes, Rinse Thoroughly With help you in svevywa#lmarm_can but \nbmerztn do this the WEIGHMASTER
Water. if Iritation Persists. Get Medical Attention KEEP CHILDREN AWAY: e Sippler T ot S0 BELEAS darag t':m:gt'
CONCRETE is a PERISHABLE COMMODITY and BECOMES THE PROPERTY of the maF occur 1o the premises and or Jacent property,
PUACHASER UPON_ LEAVING the FLANT. ANY CHANGES. of GA, LATION Jicinge, sidewaks. criveways, curbs, sic by (no eivery of M
ORIGINAL INSTRUGTIONS MUST 5o TELLFHONED o ACES. 3 BEFGRE LOADING i Taieial anc 1l you aled aored 1o i, reove Surcharge for credit cards
starts. The undersigned promises 1o pay all costs including reasonable attorney's fees | public_streels. Further as adiiona)” censiderans, G = g
incurred in coilecting any sums owed. undsmlgnqd agreas to ]ﬂdsmmly and hold harmless tha [(e1ale = MY SIGNATURE BELOW INDICATES THAT | HAVE ‘READ THE HEALTH
& = 2 driver of this trick and this supplier for any and all CERECEEE WARNING NOTICE AND SUPPLIER WILL NOT BE RESPONSIBLE FOR ANY DAMAGE
All accounts not paid within 30 days of delivery will bear interest at the rate of 18% per e premises and for adjacent proj ' which may CAUSED WHEN DELIVERING INSIDE CURB LINE.
ar;réi;n;l lh‘:omlaﬂhsﬂsatnall F;e [F:z‘erl;:?ivs Agaregate or Color Quality. No Claim Allowed Unles: gliacwrﬂsEdery anyona 10 have ansen cut of dalivery of this arder
A 2500 Sanvice Charge and Loss o the Cash Discounied il be Colleted on af Retumed LOAD RECEIVED BY
Checks. Dermerge charge atter 90 min. will be $100.00¢r. x

X,
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CONCRETE COMPRESSIVE STRENGTH TEST REPORT

Report Number: Al171057.0216

i

Service Date: 10:29/21 6198 Iimperial Loop

Report Date: 11/10/21 College Station, TX 77845-5765
Task: PO# 616221-01 979-846-3767 Reg No: F-3272
Client Project

Texas Transpeortation Institute
Attn: Gary Gerke

11T 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: 10/29/21 Sample Time: 1045
Sampled By: Justin Maass

Mix ID: FN950200801 Weather Conditions: Clear, heavy wind

Supplier: Texcrete Accumulative Yards: 10/20 Batch Size {cy): 10

Batch Time: 1001 Plant: Bryan Placement Method: Direct Discharge

Truek No.: 130 Ticket No.: 50482 Water Added Before (gal): 0

. Water Added After (gal): 0

Field Test Data Sample Location: 58t from south end
Test Result Specification Placcment Location: Bicycle rail

Slump {in): 51/4

Air Content (%): 1.4

Concrcte Temp. (F): 80

Ambient Temp. (F): 63

Plastic Unit Wt. (pet): 145.2

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) (Ibs) (psi) Type By
] A 6.01 28.37 11/08/21 I0F 129,380 4,560 4 SLS
] B 6.01 28.37 1170821 10F 130,520 4,600 2 SLS
1 C 6.01 28.37 11/08/21 10F 127,490 4,490 4 SLS
1 D Hold

Imitial Cure: Outside Plastic Lids

Final Cure: Watcr Storage Tank

Comments: F = Field Cured

Note: Reported air content does not include Aggregate Correction lactor (ACE).

Samples Made By: Terracon
Scrvices:

test compressive strength samples (ASTM C 31, C 39, C 1231).
Start/Stop: 0900-1330

Terracon Rep.: Justin Maass

Reported To:  Bill TAMU
Contractor:
Report Distribution:

(1) Texas Transpotiation Tnsiiiue, Gury Gerke

{17 Texas Transportation Lostitute, Bill Geiiith

(1) Terracon Consuliands, Ine., Alex Dunigun, P.E

Test Methads: ASIM C 31 ASTM C1453, ASTM €231, ASTM C1064

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

CRONOT, T=146- 13, Teey &

TR No. 616221-01
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CONCRETE COMPRESSIVE STRENGTH TEST REPORT

Report Number: Al1171057.0216

1lerracon

6198 Imperial Loop
College Station, TX 77845-5765
979-846-3767 Reg No: F-3272

Service Date: 10:29/21
Report Date: 11/10/21

Task: PO# 616221-01
Client

Texas Transpeortation Institute
Attn: Gary Gerke

TTI Business Office

3135 TAMU

College Station, TX 77843-3135

Project
Riverside Campus
Riverside Campus
Bryan, TX

Project Number: A1171057

Material Information

Sample Information

Specified Strength: 4,000 psi @ 28 days Sample Date: 10/29/21 Sample Time: 115
Sampled By: Justin Maass

Mix ID: FN9350200801 Weather Conditions: Clear, heavy wind

Supplier: Texcrete Accumulative Yards: 20/20 Batch Size (cy): 10
Batch Time: 1027 Plant: Bryan Placement Method: Direct Discharge

Truck No.: 101 Ticket No.: 52451 Water Added Before (gal): 5

. Water Added After (gal): 0

Field Test Data Sample Location: 3ft from North end
Test Result Specification Placement Location: Bicycle rail

Slump (in): 4172

Air Content (%):

Concrete Temp. (F): 81

Ambient Temp. (F): 65

Plastic Unit Wt. (pef): 145.7

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) (1bs) (psi) Type By
2 A 6.01 28.37 11/08/21 10F 114,930 4,050 4 SLS
2 B 6.01 28.37 11/08/21 I0F 124,150 4,380 4 SLS
2 C 6.01 28.37 11/08/21 10F 116,480 4,110 4 SLS
2 D Hold

Initial Cure: Outside Plastic Lids

Final Cure: Water

Storage Tank

Comments: F = Field Cured

Note: Reported air content does not include Ageregate Correction Factor (ACF),

Samples Made By: Terracon
Services:

test compressive strength samples (ASTM C 31, C 39, C 1231).
Start/Stop: 0900-1330

Terracon Rep.: Justin Maass

Reported To:  Bill TAMU
Contractor:
Report Distribution:

{1) Texas Transpertation Tnstitute, Gary Gerke
{1) Texas Transportation Tnstitute, Bill Griflith

(1) Terracon Consultants, Tne., Alex Dunigan, PR

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

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

CROO01, 11-16-12, Rev.6

TR No. 616221-01

Page 2

Reviewed By:

Obtain samples of fresh concrete at the placement locations (ASTM C 172), perform required field tests and cast, cure, and

of 2
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Mderﬁunigaﬂ
Project Manager
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APPENDIX C. MASHTEST 4-12(CRASH TEST NO. 616221-01)

C.1 VEHICLE PROPERTIES AND INFORMATION

Table C.1. Vehicle Properties for Test No. 616221-01.

Date: 2021-11-8 Test No.: 616221-01 VIN No 1FVACXCS14HM27927
Year 2004 Make: FREIGHTLINER Model: M21G6
Odometer: 330170 Tire Size Front: 275/80R22.5 Tire Size Rear: 275/80R22.5
— o -
fot—————— T ————=] - || ———— V— =
i Qe 1 1
N —m R - " j_
3 i/ | S
B | [ -

x O — O J ::::__:::::‘ === :::::::::::::::::::_—‘
=T (.1 BT 1 d
— I 1 G BB O T L &¢

1 [ ! ‘ T + * +
f— M —=] L . J K N
ol s ] [t H ———
Vehicle Geometry: inches or [Jmm
A Front Bumper K Rear Bumper
Width: 92.5 Bottom: U Cab Length: 106.5
L Rear Frame V  Trailer/Box
B  Overall Height: 140 Top: 39 Length: 222.5
M Front Track
C  Overall Length: 332.5 Width: 8275w GapWidth: 3.75
X Overall Front
D Rear Overhang: 85.5 N Roof Width: 72 Height: 101
Y Roof-Hood
E Wheel Base: 207 O Hood Height: 58 Distance: 35
P Bumper Z Roof-Box Height
F  Front Overhang: 40 Extension: | Difference: 39
Q FrontTire AA Rear Track
G C.G. Height: Width: 405 Width: 74
H C.G Horizontal R Front Wheel BB Ballast Center of
Dist. w/Ballast; 133.32 Width: 235 Mass: 64.75
| Front Bumper S Bottom Door CC  Cargo Bed
Bottom: 19.5 Height: 36.25 Height: o1
J  Front Bumper
Top: 335 T Ooverall Width: 96
Allowable Range: C = 394 inches max.; E = 240 inches max.; CC = 49 2 inches; BB = 63 12 inches above ground;
Wheel Center Wheel Well Bottom Frame
Height Front 19.5 Clearance (Front) 9.5 Height (Front) 28
Wheel Center Wheel Well Bottom Frame
Height Rear 19.5 Clearance (Rear) 4.5 Height (Rear) 28.25
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Table C.1. Vehicle Properties for Test No. 616221-01. (Continued)

Date: 2021-11-8 Test No.: 616221-01 VIN No.: 1FVACXCS14HM27927
Year: 2004 Make: FREIGHTLINER  Model: M21G6
WEIGHTS
([A1b or [Jka) CURB TEST INERTIAL
Wfront axle 7560 8040
Whear axie 7200 14550
WrotaL 14760 22590

Allowable Range for CURB = 13,200 2200 Ib | Allowable Range for TIM = 22,046 2660 Ib

(as-needed)

BRallast: 7830 Ib OrD kg) (See MASH Section 4.2.1.2 for recommended ballasting)
Mass Distribution
([Ae or Ok ): LF: 3970 RF: 4970 LR: 7530 RR: /020
Engine Type: MERCEDES-BENZ Accelerometer Locations (D inches or |:|mm)
x! z?
Engine Size: 6.4 y
Front:

Transmission Type:
Auto  or [ Manual Center: 133 0 o0

[0 MWD [[] RWD [ 4wWD

Rear: 229 0 50

Describe any damage to the vehicle prior to test: NONE

Other notes to include ballast type, dimensions, mass, location, center of mass, and method of
attachment:

TWO BLOCKS H30 W60 L 30

CENTERED IN MIDDLE OF BED

TIED DOWN WITH FOUR 3/8 CABLES PER BLOCK
64.75 FROM GROUND TO CENTER CF BLOCK
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Table C.2. Exterior and Occupant Compartment Measurements for Test No. 616221-01.

Year: 2004 Make: FREIGHTLINER Model: M21G6
Mileage: 330170

Please shade damage areas and note type of damage.

Driver's Side Passenger Side

J—
S [ N— C
S — ]
- S S - O (O
- ) ( D
| — | L
T
List vehicle damage:
Max Exterior Crush: 12 inches
HOOD LT HEAD LIGHT Max Interior Deformation: 3 inches
LT FT TIRE AND RIM Location: LT SIDE CENTER
LT SPRING ASSEMPLY LT SIDE CENTER FLOOR PAN 17 X 24 X 3 DEl
LT U-BOLT LT SIDE LOWER EDGE OF BOX
LT DOOR LT REAR QUTER TIRE AND RIM

LT SIDE STEP
LT FUEL TANK NO HOLE / CUT
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C.2. SEQUENTIAL PHOTOGRAPHS

0.300 s ke S
Figure C.1. Sequential Photographs for Test No. 616221-01 (Overhead and Frontal Views).
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Figure C.1. Sequial Photographs for Test No. 61622-(Overhead and Frontal Views)
(Continued).
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0.000 s 0.400 s

0.100 s 0.500 s

0.200 s . 0.600 s

0.300 s 0.700 s
Figure C.2. Sequential Photographs for Test No. 616221-01 (Rear View).
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C.3.

VEHICLE ANGULAR DISPLACEMENTS

Roll, Pitch and Yaw Angles

Angles (degrees)

Axes are vehicle-fixed.
Sequence for
determining orientation:

1. Yaw.

2. Pitch.

3. Roll.

Test Number: 616221-01

Test Standard Test Number: MASH Test 4-12
Test Article: Bicycle Rail on a Concrete
Parapet

Test Vehicle: 2004 Frieghtliner M21G6

Inertial Mass: 22 590

Gross Mass: 22 590

Impact Speed: 57.9

Figure C.3. Vehicle Angular Displacements for Test No. 616221-01.
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C.4. VEHICLE ACCELERATIONS

X Acceleration at CG

Longitudinal Acceleration (g)

0 0.5 1.0 15 2.0 25 3.0

10
Time (s)
— Time of OIV (0.189s) — SAE Class 60 Filter = —— 50-msec average |

Figure C.4. Vehicle Longitudinal Accelerometer Trace for Test No. 616221-01
(Accelerometer Located at Center of Gravity).
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Y Acceleration at CG
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Figure C.5. Vehicle Lateral Accelerometer Trace for Test No. 616221-01

(Accelerometer Located at Center of Gravity).
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Z Acceleration at CG
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Figure C.6. Vehicle Vertical Accelerometer Trace for Test No. 616221-01
(Accelerometer Located at Center of Gravity).
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