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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
Research Pooled Fund, The Texas A&M University System, or Texas A&M Transportation
Institute. 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 according to TTI Proving Ground quality procedures and according to the MASH
guidelines and standards.

The Proving Ground Laboratory within the Texas A&M Transportation Institute’s
Roadside Safety and Physical Security Division (“TTI Lab” or “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 Research 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 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 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 TTI1 LAB SHALL NOT BE LIABLE FOR ANY INDIRECT, CONSEQUENTIAL,
PUNITIVE, OR OTHER DAMAGES SUFFERED BY ROADSIDE SAFETY RESEARCH
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 S| 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
in? square inches 645.2 square millimeters mm?2
ft2 square feet 0.093 square meters m?2
yd? square yards 0.836 square meters m?2
ac acres 0.405 hectares ha
mi2 square miles 2.59 square kilometers km?2
VOLUME
fl oz fluid ounces 29.57 milliliters mL
gal gallons 3.785 liters L
ftd cubic feet 0.028 cubic meters m?3
yd3 cubic yards 0.765 cubic meters m?3
NOTE: volumes greater than 1000L shall be shown in m?
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

Ibf poundforce 4.45 newtons N
Ibf/in? poundforce per square inch 6.89 kilopascals kPa
APPROXIMATE CONVERSIONS FROM SI UNITS
Symbol | When You Know | Multiply By | To Find | Symbol
LENGTH
mm millimeters 0.039 inches in
m meters 3.28 feet ft
m meters 1.09 yards yd
km kilometers 0.621 miles mi
AREA
mm?2 square millimeters 0.0016 square inches in?
m? square meters 10.764 square feet ft2
m? square meters 1.195 square yards yd?
ha hectares 2.47 acres ac
km?2 Square kilometers 0.386 square miles mi2
VOLUME
mL milliliters 0.034 fluid ounces 0z
L liters 0.264 gallons gal
m?3 cubic meters 35.314 cubic feet ftd
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 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/in?

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

11 PROBLEM STATEMENT

Washington State Department of Transportation (WSDOT) wanted to analyze and test
three concrete barrier systems with drainage scuppers. These systems included a pinned F-shape
barrier, a freestanding F-shape barrier, and an embedded single-slope barrier. All three barriers
have 6-inch tall drainage scuppers when installed. The F-shape barrier systems needed to be
compliant to Test Level 3 (TL-3) criteria of American Association of State Highway and
Transportation Official’s (AASHTO) Manual for Assessing Safety Hardware (MASH) (1). The
single-slope barrier system needed to be compliant to Test Level 4 (TL-4) criteria of MASH. For
each of the three barrier systems, only essential tests were to be performed.

1.2 OBJECTIVE AND SCOPE

The objective of this project was to evaluate the crash performance of two F-shape
concrete barrier systems under MASH TL-3 criteria by performing MASH Test 3-11 for each
system. Additionally, a single-slope barrier system was evaluated under MASH TL-4 criteria by
performing MASH Test 4-12. More specifically, the following three systems were tested.

1. 32-inch tall F-shape barrier with drainage scuppers and pin-and-loop connections,
restrained to underlying asphalt pavement with anchoring pins. The barrier was
installed adjacent to 1V:1.5H slope with a 1-ft offset on the field side. This system
was evaluated by performing MASH Test 3-11.

2. The above-mentioned system while unpinned and free-standing on concrete. This
system was also evaluated by performing MASH Test 3-11.

3. 42-inch tall single slope barrier with grouted rebar-grid connections and drainage
scuppers, embedded 4 inches in asphalt for an above-grade height of 38 inches. This
barrier system was evaluated by performing MASH Test 4-12.

Prior to crash testing, TTI researchers evaluated the reinforcement details, barrier
connections, barrier anchoring, barrier embedment, and scupper height of the barrier systems
provided by WSDOT. New reinforcement details that incorporated the drainage scuppers were
developed by the researchers. The design details of the barriers are presented in this report. Also
presented are detailed documentation of the crash tests and results, and an assessment of the
performance of each barrier per the MASH 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 and TL-4
longitudinal barriers.

Table 2.1. Test Conditions and Evaluation Criteria Specified for MASH TL-3 and TL-4
Longitudinal Barriers.

T - Impact Evaluati
. est est Conditions valuation
Test Article Designation Vehicle Criteria
Speed Angle
3-10 . o
410 1100C 62 mi/h 25 A D, FHI
Longitudinal 3-11
Barrier 111 2270P 62 mi/h 25° A D, FHI
4-12 10000S 56 mi/h 15° A D, G

It should be noted that MASH TL-3 criteria also requires testing with the small passenger
car (1100C vehicle). This test, however, is not critical for all three systems due to the
successfully performed Test 3-10 for similar systems in the past (2,3,4). Furthermore, the lighter
small car will not impart a greater load into the barrier systems and their restraint mechanisms in
comparison to the heavier pickup truck of Test 3-11 (for the F-shape barriers) or the single unit
truck of Test 4-12 (for the single slope barrier).

Similarly, Test 4-11 with the pickup truck is not critical for the single slope barrier due to
the successfully performed past testing of a similar single slope barrier (5). It is also not expected
to impart greater lateral load in the barrier compared to Test 4-12 with the single unit truck.

Thus, only Test 3-11 will be performed for the F-shape barriers and Test 4-12 for the
single slope barrier. The crash tests and data analysis procedures were in accordance with
guidelines presented in MASH. Chapter 3 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. The test conditions and evaluation criteria required for
MASH TL-3 and TL-4 are listed in Table 2.1, and the substance of the evaluation criteria in
Table 2.2. An evaluation of the crash test results is presented in detail under the section
Assessment of Test Results.
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Table 2.2. Evaluation Criteria Required for MASH TL-3 and TL-4 Longitudinal

Barriers.
Evaluation . L MASH
Eactors Evaluation Criteria Test
Test article should contain and redirect the vehicle or bring the 3-10. 4-10
Structural vehicle to a controlled stop; the vehicle should not penetrate, 3_11’ 4_11’
Adequacy underride, or override the installation although controlled lateral 4112 ’
deflection of the test article is acceptable.
Detached elements, fragments, or other debris from the test article
should not penetrate or show potential for penetrating the occupant
compartment, or present undue hazard to other traffic, pedestrians, 3-10. 4-10
or personnel in a work zone. 3-11 4-11.
Deformations of, or intrusions into, the occupant compartment 4-12
should not exceed limits set forth in Section 5.2.2 and Appendix E of
MASH.
Occgpant The vehicle should remain upright during and after collision. The 3-10, 4-10,
Risk maximum roll and pitch angles are not to exceed 75 degrees. 3-11, 4-11
It is preferable, although not essential, that the vehicle remain
. . o 4-12
upright during and after the collision.
Occupant impact velocities (O1V) should satisfy the following limits: | 3-10, 4-10,
Preferred value of 30 ft/s, or maximum allowable value of 40 ft/s. 3-11, 4-11
The occupant ridedown accelerations should satisfy the following: 3-10, 4-10,
Preferred value of 15.0 g, or maximum allowable value of 20.49 g. 3-11, 4-11
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Chapter 3. TEST CONDITIONS

3.1 TEST FACILITY

The full-scale crash tests reported herein were performed at Texas A&M Transportation
Institute (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, and according to the
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 miles 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, durability and efficacy of highway
pavements, and evaluation of roadside safety hardware and perimeter protective devices. The site
selected for construction and testing of the barriers was along the edge of an out-of-service
apron. The apron consists of an unreinforced jointed-concrete pavement in 12.5-ft x 15-ft blocks
nominally 6 inches deep. The aprons were built in 1942, and the joints have some displacement,
but are otherwise flat and level.

3.2  VEHICLE TOW AND GUIDANCE SYSTEM

Each test vehicle was towed into the test installation using a steel cable guidance and
reverse tow system. A steel cable for guiding the test vehicle was tensioned along the path,
anchored at each end, and threaded through an attachment to the front wheel of the test vehicle.
An additional steel cable was connected to the test vehicle, passed around a pulley near the
impact point, 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, after which the brakes were activated, if
needed, to bring the test vehicle to a safe and controlled stop.

3.3 DATA ACQUISITION SYSTEMS

3.3.1 Vehicle Instrumentation and Data Processing

Each test vehicle was instrumented with a self-contained, on-board 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
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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
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 should the primary battery cable be
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 all instrumentation used in the vehicle conforms to all 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 a 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 any time 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 occupant/compartment impact
velocities, time of occupant/compartment impact after vehicle impact, and the 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, 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 of the vehicle-fixed coordinate systems 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

According to MASH, use of a dummy in the 2270P vehicle is optional, and no dummy
was used in the tests. MASH does not recommend or require use of a dummy in the 10000S
vehicle, and thus no dummy was used.

3.3.3 Photographic Instrumentation Data Processing

Photographic coverage of each test included three digital high-speed cameras:
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e One overhead with a field of view perpendicular to the ground and directly over the
impact point;

e One placed behind the installation at an angle; and

e A third placed to have 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 barrier. The flashbulb was visible from each camera. The
video files from these digital high-speed cameras were analyzed to observe phenomena occurring
during the collision and to obtain time-event, displacement, and angular data. A digital camera
recorded and documented conditions of each test vehicle and the installation before and after the
test.
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Chapter 4. MASH TEST 3-11 ON PINNED F-SHAPE BARRIER WITH
DRAINAGE SCUPPERS

41  TEST ARTICLE AND INSTALLATION DETAILS

The installation consisted of eight reinforced F-shape concrete barriers, each 12.5 ft long,
with an approximately 1-inch wide gap between barriers, for a total installation length of
approximately 100 ft-7 inches. The barriers were placed on a 4-inch thick layer of TXDOT Type
D Asphalt, which was in turn placed on a 12-inch layer of compacted crushed limestone base.
The barrier system was installed adjacent to 1V:1.5H slope with a 1-ft offset from the top edge of
the slope to the field-side toe of the barrier.

Adjacent barrier segments were connected with a 1-inch diameter pin that extended
through three loops cast into each end of each barrier. Each barrier segment had two 6-inch tall
drainage scuppers at the bottom, and three inclined slots on each side to receive anchor pins.
The barrier segments were anchored to the underlying pavement by installing a 48-inch long,
1%-inch diameter anchor pin in each of the three inclined slots from the impact (traffic) side of
the barrier segments. Plate washers welded to the top of the anchoring pins were installed flush
to the toe of the barrier segments.

Figure 4.1 presents overall information on the pinned F-shape barrier with drainage
scuppers, and Figure 4.2 provides photographs of the installation. Appendix Al provides further
details of the pinned F-shape barrier with drainage scuppers.

4.2 DESIGN MODIFICATIONS DURING TESTS

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

4.3 MATERIAL SPECIFICATIONS

The specified minimum compressive strength of the concrete used in the barrier was
5000 psi. A total of eight barriers were constructed for this test. On the day of the test, barriers 1
through 4 had an average compressive strength of 5957 psi, and barriers 5 through 8 had an
average compressive strength of 6555 psi. Soil compaction of the base was 100%.

Appendix B provides material certification documents for the materials used to
install/construct the pinned F-shape barrier with drainage scuppers.

44  TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS

MASH Test 3-11 involves a 2270P vehicle weighing 5000 Ib +110 Ib impacting the target
critical impact point (CIP) of the barrier at an impact speed of 62 mi/h £2.5 mi/h and an angle of
25° £1.5°. The CIP for MASH Test 3-11 on the pinned F-shape barrier was 4.3 ft £1 ft upstream
of the center of the joint between segments 3 and 4. Figure 4.3 depicts the target impact setup.
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Figure 4.2. Pinned F-Shape Barrier with Drainage Scuppers prior to Testing.
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Figure 4.3. Barrier/Test Vehicle Geometrics for Test No. 612831-01-1.

The 2014 RAM 1500 pickup truck used in the test weighed 5000 Ib, and the actual
impact speed and angle were 63.2 mi/h and 25.5°. The actual impact point was 4.4 ft upstream of
the center of the joint between segments 3 and 4. Minimum target impact severity (IS) was
106 kip-ft, and actual IS was 124 kip-ft.

45  WEATHER CONDITIONS

The test was performed on the morning of January 7, 2020. Weather conditions at the
time of testing were as follows: wind speed: 5 mi/h; wind direction: 49° (vehicle was traveling at
magnetic heading of 335°); temperature: 58°F; relative humidity: 42 percent.

4.6  TEST VEHICLE

Figure 4.4 shows the 2014 RAM 1500 pickup truck used for the crash test. The vehicle’s
test inertia weight was 5000 Ib, and its gross static weight was 5000 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
27.00 inches. The height to the vehicle’s center of gravity was 28.5 inches. Tables C.1 and C.2 in
Appendix C1 give additional dimensions and information on the vehicle. The vehicle was
directed into the installation using a cable reverse tow and guidance system. It was released to be
freewheeling and unrestrained just prior to impact.

4.7  TEST DESCRIPTION

Table 4.1 lists events that occurred during Test No. 612831-01-1. Figures C.1 and C.2 in
Appendix C2 present sequential photographs during the test.

For longitudinal barriers, it is desirable that the vehicle redirects and exits 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 2.4 s after impact, and the vehicle came to rest 170 ft downstream of the
impact and 32 ft toward traffic lanes.

TR No. 612831-01 13 2020-05-07



Figure 4.4. Test Vehicle before Test No. 612831-01-1.

Table 4.1. Events during Test No. 612831-01-1.

TIME (s) | EVENTS
0.000 Vehicle contacts barrier while traveling at 63.2 mi/h and 25.5°
0.015 Left front tire lifts off pavement, climbs barrier
0.029 Barrier segments 3 and 4 begin to slide toward protected side
0.043 Vehicle begins to redirect
0.089 Right front tire lifts off pavement
0.118 Right rear tire lifts off pavement
0.216 Vehicle traveling parallel with barrier
0.230 Left rear bumper and quarter panel impact barrier 3

0.467 Vehicle loses contact with barrier while traveling at 50.6 mi/h,
trajectory of 3.0° and heading of 9.7°.
0.535 Front left tire contacts pavement

4.8 DAMAGE TO TEST INSTALLATION

Figure 4.5 shows the damage to the barrier. Table 4.2 shows transverse barrier movement
at the joints, and Table 4.3 shows how much the anchoring pins protruded after the test. Barriers
1 through 3 each moved downstream 1%2-inches. No movement was noted at barriers 6 through
8. There was some spalling at the downstream scupper of barrier 3, and there was some damage
to the toes of barriers 3 and 4 on the traffic side. There was a crack running approximately
vertical radiating from the corner of the upstream scupper on barrier 4, and the upper field side
upstream corner of barrier 5 was broken off approximately 4 inches down from the top of barrier
and 4 inches downstream barrier.
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Working width” was 39.6 inches, and height of working width was 32.0 inches.
Maximum dynamic deflection during the test was 21.7 inches, and maximum permanent
deformation was 10.0 inches.

Figure 4.5. Barrier after Test No. 612831-01-1.

* 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,
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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Table 4.2. Barrier Segment Movement for Test No. 612831-01-1.

Joint Movement Direction
1-2 % inch Field side
2-3 1% inches Traffic side
3-4 10 inches Field side
4-5 3 inches Field side

Table 4.3. Barrier Segment Pin Lift for Test No. 612831-01-1.

Barrier Pin Lift
2 1% inches
3 2 inches — 3 inches
4 2 inches — 7 inches (head pulled off one pin and bent over 90°)
5 1 inch — 3-% inches

4.9 DAMAGE TO TEST VEHICLE

Figure 4.6 shows the damage sustained by the vehicle. The front bumper, hood, radiator
and support, grill, left front fender, left front tire and rim, left frame rail, left front control arm,
sway bar, tie rod, left front floor pan, left front door, left rear tire and rim, and rear bumper were
damaged. Maximum exterior crush to the vehicle was 14.0 inches in the side plane at the left
front corner at bumper height. Maximum occupant compartment deformation was 3.0 inches in
the left front firewall. Figure 4.7 shows the interior of the vehicle. Tables C.3 and C.4 in
Appendix C1 provide exterior crush and occupant compartment measurements.

Figure 4.6. Test Vehicle after Test No. 612831-01-1.
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Figure 4.7. Interior of Test Vehicle after Test No. 612831-01-1.

410 OCCUPANT RISK FACTORS

Data from the accelerometers were digitized for evaluation of occupant risk, and the
results are shown in Table 4.4. Figure C.3 in Appendix C3 shows the vehicle angular
displacements, and Figures C.4 through C.6 in Appendix C4 show acceleration versus time
traces. Figure 4.8 summarizes pertinent information from the test.

Table 4.4. Occupant Risk Factors for Test No. 612831-01-1.

Occupant Risk Factor Value Time
Occupant Impact Velocity (OIV)
LO”g'tL“:tg:: o gi at 0.1053 s on left side of interior
Occupant Ridedown Accelerations
Longitudinal |7.8¢g 0.2186 — 0.2286 s
Lateral |9.7¢g 0.2390-0.2490 s
Theoretical Head Impact Velocity (THIV) 8.4 m/s at 0.1018 s on left side of interior
Acceleration Severity Index (ASI) [1.44 0.0575-0.1075s
Maximum 50-ms Moving Average
Longitudinal |-8.7 g 0.0332-0.0832s
Lateral |11.1g 0.0336 — 0.0836 s
Vertical [-5.2¢g 1.2633 -1.3133 s
Maximum Roll, Pitch, and Yaw Angles
Roll |27° 0.6717 s
Pitch |17° 0.7280 s
Yaw |43° 1.5000 s
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Chapter 5. MASH TEST 3-11 ON FREE-STANDING F-SHAPE BARRIER
WITH DRAINAGE SCUPPERS

5.1  TEST ARTICLE AND INSTALLATION DETAILS

The installation consisted of sixteen reinforced F-shape concrete barrier segments, each
12.5 ft long, with an approximately 1-inch wide gap between the segments, for a total installation
length of approximately 201 ft-3 inches. Adjacent barrier segments were connected with a 1-inch
diameter pin that extended through three loops cast into each end of the segments. The barrier
segments were 9% inches wide at the top and 24 inches wide at the bottom. Each segment had
two 6-inch tall drainage scuppers at the bottom and three inclined slots on each side to receive
anchor pins. No anchor pins were used for this test and the barrier was installed unrestrained on
concrete pavement.

Figure 5.1 presents overall information on the free-standing F-shape barrier with drainage
scuppers, and Figure 5.2 provides photographs of the installation. Appendix A2 provides further
details of the free-standing F-shape barrier with drainage scuppers.

5.2 DESIGN MODIFICATIONS DURING TESTS

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

5.3 MATERIAL SPECIFICATIONS

The specified minimum compressive strength of the concrete used in the barrier was
5000 psi. A total of sixteen barriers were constructed. On the day of the test, barriers 5 through 8
had an average compressive strength of 5813 psi, barriers 1-4, 15 and 16 had an average
compressive strength of 5957 psi, and barriers 9 through 14 had an average compressive strength
of 6555.

Appendix B provides material certification documents for the materials used to install or
construct the free-standing F-shape barrier.

5.4  TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS

MASH Test 3-11 involves a 2270P vehicle weighing 5000 Ib £110 Ib impacting the target
CIP of the barrier at an impact speed of 62 mi/h £2.5 mi/h and an angle of 25° £1.5°. The CIP for
MASH Test 3-11 on the free-standing F-shape barrier with drainage scuppers was 4.3 ft £1 ft
upstream of the center of the joint between segments 6 and 7. Figure 5.3 depicts the target impact
setup.

The 2014 RAM 1500 pickup truck used in the test weighed 5054 Ib, and the actual
impact speed and angle were 61.5 mi/h and 24.8°. The actual impact point was 4.3 ft upstream of
the center of the joint between segments 6 and 7. Minimum target IS was 106 kip-ft, and actual
IS was 112 Kip-ft.
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Figure 5.2. Free-Standing F-Shape Barrier with Drainage Scuppers Prior to Testing.
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(photos taken after a rain event prior to the test)
Figure 5.3. Barrier/Test Vehicle Geometrics for Test No. 612831-01-2.

5.5 WEATHER CONDITIONS

The test was performed on the afternoon of January 9, 2020. Weather conditions at the
time of testing were as follows: wind speed: 9 mi/h; wind direction: 170° (vehicle was traveling
at magnetic heading of 0°); temperature: 70°F; relative humidity: 99 percent.

5.6 TEST VEHICLE

Figure 5.4 shows the 2014 RAM 1500 pickup truck used for the crash test. The vehicle’s
test inertia weight was 5054 Ib, and its gross static weight was 5054 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
27.00 inches. The height to the vehicle’s center of gravity was 28.75 inches. Tables D.1 and D.2
in Appendix D1 give additional dimensions and information on the vehicle. The vehicle was
directed into the installation using a cable reverse tow and guidance system. The vehicle was
released to be freewheeling and unrestrained just prior to impact.

Figure 5.4. Test Vehicle before Test No. 612831-01-2.
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5.7  TEST DESCRIPTION

Table 5.1 lists events that occurred during Test No. 612831-01-2. Figures D.1 and D.2 in
Appendix D2 present sequential photographs during the test.

Table 5.1. Events during Test No. 612831-01-2.

TIME (s) | EVENTS
0.000 Vehicle contacts barrier while traveling at 61.5 mi/h and 24.8°
0.012 Left front tire lifts off pavement
0.020 Barrier 6 begins to deflect toward field side
0.036 Barrier 7 begins to deflect toward field side
0.053 Vehicle begins to redirect
0.096 Right front tire lifts off pavement
0.128 Right rear tire lifts off pavement
0.218 Vehicle traveling parallel with barrier
0.273 Left rear quarter panel contacts barrier 7
0.404 Left front tire contacts pavement
0.492 Vehicle loses contact with barrier while traveling at 49.6 mi/h, trajectory
of 6.0°, and heading of 21.6°.
0.966 Right front tire contacts pavement
1.104 Right rear tire contacts pavement

For longitudinal barriers, it is desirable that the vehicle redirects and exits 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 came to rest 200 ft
downstream of the impact and 28 ft toward field side.

5.8 DAMAGE TO TEST INSTALLATION

Figures 5.5 and 5.6 show the damage to the barrier. Barriers 1 and 2 moved downstream
7 inches, and barrier 3 moved downstream 7% inches. Barrier 4 moved downstream 8 inches,
and its upstream end moved 2 inches toward the field side. Barriers 10 and 11 moved upstream
2 inches, barrier 12 moved upstream 1% inches, barrier 13 moved upstream 1 inch, and barriers
14 and 15 moved upstream % inch. Barrier 16 did not move. Table 5.2 shows transverse
movement at the joints.

There were multiple cracks in barrier 7, but it remained intact. There was minor damage
to the lower corners of both barriers on the field side at joint 4-5. There was significant damage
to both corners of both barriers on the traffic side at joint 6-7, and joint 7-8. There was also
significant damage to the field side corners of both barriers at joints, 5-6, 7-8, 8-9 and 9-10.
Barriers 1-3 and 11-16 were not damaged during this test (barriers 15 and 16 had minor damage
from use in a previous test).
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Working width” was 86.9 inches, and height of working width was 3 inches. Maximum
dynamic deflection during the test was 63.0 inches, and maximum permanent deformation was
63.0 inches.

Figure 5.5. Barrier after Test No. 612831-01-2.

* 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 5.6. Field Side of Barrier after Test No. 612831-01-2.

Table 5.2. Barrier Segment Movement for Test No. 612831-01-2.

Joint Movement Direction
4-5 3 inches Field side
5-6 30 inches Field side
6-7 63 inches Field side
7-8 60 inches Field side
8-9 30% inches Field side
9-10 4 inches Traffic side

10-11 5 inches Traffic side

59 DAMAGE TO TEST VEHICLE

Figure 5.7 shows the damage sustained by the vehicle. The front bumper, hood, grill, left
front fender, left front tire and rim, left upper and lower control arms, left frame rail, left front
floor pan, left front and rear doors, left rear cab corner, left rear exterior bed, and rear bumper
were damaged. Maximum exterior crush to the vehicle was 15.0 inches in the side plane at the
left front corner at bumper height. Maximum occupant compartment deformation was 1.5 inches
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in the left front fire wall. Figure 5.8 shows the interior of the vehicle. Tables D.3 and D.4 in
Appendix D1 provide exterior crush and occupant compartment measurements.

- S . i \ i s B x#. ﬁ l

Figure 5.8. Interior of Test Vehicle after Test No. 612831-01-2.

5.10 OCCUPANT RISK FACTORS

Data from the accelerometers were digitized for evaluation of occupant risk, and the
results are shown in Table 5.3. Figure D.3 in Appendix D3 shows the vehicle angular
displacements, and Figures D.4 through D.9 in Appendix D4 show acceleration versus time
traces. Figure 5.8 summarizes pertinent information from the test.
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Table 5.3. Occupant Risk Factors for Test No. 612831-01-2.

Occupant Risk Factor Value
Occupant Impact Velocity (O1V)
LongltLuadt:er;f;: ég gi at 0.1745 s on left side of interior
Occupant Ridedown Accelerations
Longitudinal [2.0g 0.2488 — 0.2588 s
Lateral |2.6g 0.2538 — 0.2638 s
Theoretical Head Impact Velocity (THIV) 2.6 m/s at 0.1744 s on left side of interior
Acceleration Severity Index (ASI) [0.97 0.0020 — 0.0520 s
Maximum 50-ms Moving Average
Longitudinal |-1.4¢g 0.2327-0.2827 s
Lateral [4.7g 0.0000 — 0.0500 s
Vertical |25¢g 0.1258 - 0.1758's
Maximum Roll, Pitch, and Yaw Angles
Roll |20° 0.2919 s
Pitch [14° 0.4154 s
Yaw |19° 1.1800 s
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Post-Impact Trajectory
Stopping Distance .........c..ccccue.... 200 ft downstream
28 ft twd field side
Vehicle Stability

Maximum Yaw Angle.................. 19°
Maximum Pitch Angle.... .. 14°
Maximum Roll Angle .................. 20°
Vehicle Snagging.........ccccceeueenee. No
Vehicle Pocketing.........c.ccceueeee. No
Test Article Deflections
DYNamic .......ccoevverieenienieeeee 63.0 inches
Permanent .........c.ccooeveciiiinnenns 63.0 inches
Working Width ... 86.9 inches
Height of Working Width ............ Toe of barrier
Vehicle Damage
VDS .. 11LFQ3
CDC ..ot ... 11FLEW3
Max. Exterior Deformation ......... 15.0 inches
OCDI ..ot LF0010000
Max. Occupant Compartment
Deformation...........ccccevvnienene 1.5 inches

Figure 5.9. Summary of Results for MASH Test 3-11 on Free-Standing F-Shape Barrier with Drainage Scuppers.




Chapter 6. MASH TEST 4-12 ON EMBEDDED SINGLE-SLOPE BARRIER
WITH DRAINAGE SCUPPERS

6.1 TEST ARTICLE AND INSTALLATION DETAILS

The installation consisted of twelve reinforced concrete single-slope barrier segments,
each 12.5 ft long, with the ends butted together, for a total installation length of 150 ft. The
barrier segments were 8 inches wide at the top and 24 inches wide at the base, with an equal
constant slope on both the traffic and field sides. Each segment had three 10-inch tall drainage
scuppers at the bottom. The barrier segments were 42 inches tall and were placed on 12 inches of
compacted limestone base, set 4 inches below grade. Asphalt was then placed on the base in two
2-inch thick lifts. Due to the 4-inch embedment, the above grade barrier height was 38 inches
and the above grade drainage scupper height was 6 inches.

The barrier segments contained vertical slots cast into each end to receive rebar-grids
used to reinforce the joints. These slots were filled with grout after installation of the grids.

Figure 6.1 presents overall information on the embedded single-slope barrier with
drainage scuppers, and Figure 6.2 provides photographs of the installation. Appendix A.3
provides further details of the embedded single-slope barrier with drainage scuppers.

6.2 DESIGN MODIFICATIONS DURING TESTS

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

6.3 MATERIAL SPECIFICATIONS

The specified minimum compressive strength of the concrete used in the barrier was
4000 psi. Twelve barriers were constructed. Barriers 1 through 6 had an average compressive
strength of 4367 psi, and barriers 7 through 12 had an average compressive strength of 5710 psi.
Non-shrink grout was used between the joints of the barriers and its average compressive
strength on the day of testing was 7620 psi. Soil compaction of the base was 100%.

Appendix B provides material certification documents for the materials used to install or
construct the embedded single-slope barrier with drainage scuppers.

6.4  TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS

MASH Test 4-12 involves a 10000S vehicle weighing 22,000 Ib £660 Ib impacting the
CIP of the barrier at an impact speed of 56 mi/h £2.5 mi/h and an angle of 15° £1.5°. The CIP for
this test was 5 ft +1 ft upstream of the center of the joint between barrier segments 3 and 4.
Figure 6.3 depicts the target impact setup.
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Figure 6.2. Embedded Single-Slope Barrier with Drainage Scuppers Prior to Testing.
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Figure 6.3. Embedded Single-Slope Barrier with Drainage Scuppers/Test Vehicle Geometrics
for Test No. 612831-01-3.

The 2012 International 4300 single-unit truck used in the test weighed 22,370 Ib, and the
actual impact speed and angle were 57.7 mi/h and 16.7°. The actual impact point was 6.5 ft
upstream of the center of the joint between barriers 3 and 4. Minimum target IS was 142 kip-ft,
and actual IS was 206 Kip-ft.

The point of impact in the test was 0.5 ft outside the target impact tolerance, and the
impact angle was 0.2° greater than the tolerance specified in MASH. Both these tolerance
exceedances, however, did not adversely affect the evaluation of the barrier for Test 4-12
compliance. The target impact point was selected to be 5-ft upstream of a barrier joint for
consistency with past testing practice. The offset from the joint itself was not considered to be
critical for evaluating the barrier system. The 0.2° exceedance in impact angle also did not
adversely affect the evaluation of the barrier since it imparted greater impact energy to the
barrier. Successful performance of the barrier with slightly higher impact angle implies that the
barrier is able to perform acceptably for impact within the MASH impact angle tolerances.

6.5 WEATHER CONDITIONS

The test was performed on the morning of December 17, 2019. Weather conditions at the
time of testing were as follows: wind speed: 14 mi/h; wind direction: 337° (vehicle was traveling
at magnetic heading of 345°); temperature: 44°F; relative humidity: 71 percent.

6.6 TEST VEHICLE

Figure 6.4 shows the 2012 International 4300 single-unit truck used for the crash test.
The vehicle’s test inertia weight was 22,370 Ib and its gross static weight was 22,370 Ib. The
height to the lower edge of the vehicle bumper was 18.25 inches, and height to the upper edge of
the bumper was 33.25 inches. The height to the vehicle’s ballast center of gravity was
62.0 inches. Table E.1 in Appendix E1 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. 612831-01-3.

6.7 TEST DESCRIPTION

Table 6.1 lists events that occurred during Test No. 612831-01-3. Figures E.1 and E.2 in
Appendix E2 present sequential photographs during the test.

Table 6.1. Events during Test No. 612831-01-3.

TIME (s) | EVENTS
0.000 Vehicle contacts barrier while traveling at 57.7 mi/h and 16.7°
0.023 Vehicle begins to redirect
0.108 Right front tire leaves the pavement
0.221 Right rear tire leaves the pavement
0.251 Rear left corner of vehicle contacts barrier
0.252 Vehicle traveling parallel with test article
0.312 Left rear tire leaves the pavement
0.898 Right front tire lands on the pavement
1.701 Right rear tire lands on the pavement

For longitudinal barriers, it is desirable that the vehicle redirects and exits the barrier
within the exit box criteria (not less than 65.6 ft downstream from loss of contact for heavy
vehicles). The test vehicle exited within the exit box criteria defined in MASH. Brakes on the
vehicle were applied at 2.4 s after impact. After loss of contact with the barrier, the vehicle came
to rest 218 ft downstream of the impact and 32 ft toward the field side.

6.8 DAMAGE TO TEST INSTALLATION

Figure 6.5 shows the damage to the barrier. Barrier segment 3 had a crack on the traffic
side at top near each end, and there were scrapes and gouges up to one inch deep on barrier
segments 3 and 4. There was no visible movement in the asphalt, and no measurable static
deflection.
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Working width” was 70.8 inches, and height of working width was 153.0 inches.
Maximum dynamic deflection during the test was 1.8 inches, and no permanent deformation was
observed. Maximum lateral intrusion of the passenger cab, measured from the pre-impact traffic-
side face of the barrier was 26.3 inches at a height of 87.8 inches.

Figure 6.5. Embedded Single-Slope Barrier with Scuppers after Test No. 612831-01-3.

* 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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6.9 DAMAGE TO TEST VEHICLE

Figure 6.6 shows the damage sustained by the vehicle. The front bumper, hood, left front
tire and rim, left door, left side steps, left front springs left floor pan, left front corner of box, left
rear outer tire, and left rear lower corner of box were damaged. Maximum exterior crush to the
vehicle was 12.0 inches in the side plane at the left front corner at bumper height. Maximum
occupant compartment deformation was 5.0 inches in the left center floor pan. Figure 6.7 shows
the interior of the vehicle.

Figure 6.7. Interior of Test Vehicle after Test No. 612831-01-3.

6.10 VEHICLE INSTRUMENTATION)

Data from the accelerometers were digitized for informational purposes only.
Figure E.3 in Appendix E3 shows the vehicle angular displacements, and Figures E.4 through
E.6 in Appendix E4 show acceleration versus time traces. Figure 6.8 summarizes pertinent
information from the test.
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Figure 6.8. Summary of Results for MASH Test 4-12 on Embedded Single-Slope Barrier with Drainage Scuppers.




Chapter 7. SUMMARY AND CONCLUSIONS

7.1  ASSESSMENT OF TEST RESULTS

An assessment of each test based on the applicable safety evaluation criteria for MASH
longitudinal barriers is provided below and in Tables 7.1 through 7.3,

7.1.1 MASH Test 3-11 on Pinned F-Shape Barrier with Drainage Scuppers

The barrier contained and redirected the 2270P vehicle. The vehicle did not penetrate,
underride, or override the installation. Maximum dynamic deflection during the test was
21.7 inches. Permanent deformation of the barrier was 10.0 inches. No detached elements,
fragments, or other debris were present to penetrate or show potential for penetrating the
occupant compartment, or to present hazard to others in the area. Maximum occupant
compartment deformation was 3.0 inches in the left front firewall. The 2270P vehicle remained
upright during and after the collision event. Maximum roll and pitch angles were 27° and 17°.
Occupant risk factors were within the preferred limits of MASH.

7.1.2 MASH Test 3-11 on Free-Standing F-Shape Barrier with Drainage Scuppers

The barrier contained and redirected the 2270P vehicle. The vehicle did not penetrate,
underride, or override the installation. Maximum dynamic deflection during the test was
63.0 inches. Permanent deformation of the barrier was also 63.0 inches. A few small pieces of
debris were present; however, this debris did not penetrate or show potential for penetrating the
occupant compartment, or to present hazard to others in the area. Maximum occupant
compartment deformation was 1.5 inches in the left front fire wall. The 2270P vehicle remained
upright during and after the collision event. Maximum roll and pitch angles were 20° and 14°.
Occupant risk factors were within the preferred limits of MASH.

7.1.3 MASH Test 4-12 on the Embedded Single-Slope Barrier with Drainage Scuppers

The barrier contained and redirected the 10000S vehicle. The vehicle did not penetrate,
underride, or override the installation. Maximum dynamic deflection during the test was
1.8 inches. No permanent deformation of the barrier could be observed. No detached elements,
fragments, or other debris was present to penetrate or show potential for penetrating the occupant
compartment, or present undue hazard to others in the area. Maximum occupant compartment
deformation was 5.0 inches in the left center floor pan. The 10000S vehicle remained upright
during and after the collision event.
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Table 7.1. Performance Evaluation Summary for MASH Test 3-11 on Pinned F-Shape Barrier with Drainage Scuppers.

Test Agency: Texas A&M Transportation Institute

Test No.: 612831-01-1

Test Date: 2020-01-07

MASH Test 3-11 Evaluation Criteria Test Results Assessment
Structural Adequacy
A. Test article should contain and redirect the vehicle or | The barrier contained and redirected the 2270P
bring the vehicle to a controlled stop; the vehicle vehicle. The vehicle did not penetrate, underride,
should not penetrate, underride, or override the or override the installation. Maximum dynamic Pass
installation although controlled lateral deflection of deflection during the test was 21.7 inches.
the test article is acceptable. Permanent barrier deformation was 10.0 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 to
an undue hazard to other traffic, pedestrians, or present 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 left front firewall.
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 27° and 17°.
H. Occupant impact velocities (O1V) should satisfy the Longitudinal OIV was 18.4 ft/s, and lateral OIV
following limits: Preferred value of 30 ft/s, or was 21.0 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 7.8 g, and lateral occupant ridedown Pass
maximum allowable value of 20.49 g. acceleration was 9.7 g.
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Test Agency: Texas A&M Transportation Institute

Test No.: 612831-01-2

Table 7.2. Performance Evaluation Summary for MASH Test 3-11 on Free-Standing F-Shape Barrier with Drainage
Scuppers.

Test Date: 2020-01-09

MASH Test 3-11 Evaluation Criteria Test Results Assessment
Structural Adequacy
A. Test article should contain and redirect the vehicle or | The barrier contained and redirected the 2270P
bring the vehicle to a controlled stop; the vehicle vehicle. The vehicle did not penetrate, underride,
should not penetrate, underride, or override the or override the installation. Maximum dynamic Pass
installation although controlled lateral deflection of deflection during the test was 63.0 inches.
the test article is acceptable. Permanent barrier deformation was 63.0 inches.
Occupant Risk
D. Detached elements, fragments, or other debris from A few small pieces of debris were present;
the test article should not penetrate or show potential | however, this debris did not penetrate or show
for penetrating the occupant compartment, or present | potential for penetrating the occupant
an undue hazard to other traffic, pedestrians, or compartment, or to present hazard to others in Pass
personnel in a work zone. the area.
Deformations of, or intrusions into, the occupant Maximum occupant compartment deformation
compartment should not exceed limits set forth in was 1.5 inches in the left front fire wall.
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 20° and 14°,
H. Occupant impact velocities (O1V) should satisfy the Longitudinal OIV was 1.3 ft/s, and lateral OIV
following limits: Preferred value of 30 ft/s, or was 8.5 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 2.0 g, and lateral occupant ridedown Pass
maximum allowable value of 20.49 g. acceleration was 2.6 g.
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Table 7.3. Performance Evaluation Summary for MASH Test 4-12 on Embedded Single-Slope Barrier with Drainage

Scuppers.
Test Agency: Texas A&M Transportation Institute Test No.: 612831-01-3 Test Date: 2019-12-17
MASH Test 4-12 Evaluation Criteria Test Results Assessment
Structural Adequacy
A. Test article should contain and redirect the vehicle or | The barrier contained and redirected the 10000S
bring the vehicle to a controlled stop; the vehicle vehicle. The vehicle did not penetrate, underride,
should not penetrate, underride, or override the or override the installation. Maximum dynamic Pass
installation although controlled lateral deflection of deflection during the test was 1.8 inches. There
the test article is acceptable. was no permanent barrier deformation.
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 | was 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 5.0 inches in the left center floor pan.
Section 5.2.2 and Appendix E of MASH.
G. Itis preferable, although not essential, that the vehicle | The 10000S vehicle remained upright during and Pass
remain upright during and after collision. after the collision event.




7.2  CONCLUSIONS

7.2.1 MASH Test 3-11 on Pinned F-Shape Barrier with Drainage Scuppers

The F-shape barrier with drainage scuppers, pinned on 4 inches of asphalt, passed the
performance criteria for MASH Test 3-11 for longitudinal barriers.

7.2.2 MASH Test 3-11 on Free-Standing F-Shape Barrier with Drainage Scuppers

The free-standing F-shape barrier with drainage scuppers passed the performance criteria
for MASH Test 3-11 for longitudinal barriers.

7.2.3 MASH Test 4-12 on the Embedded Single-Slope Barrier with Drainage Scuppers

The embedded single-slope barrier with drainage scuppers passed the performance
criteria for MASH Test 4-12 for longitudinal barriers.
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Chapter 8. IMPLEMENTATION"

Based on the results of the tests performed in this project, it can be concluded that the
free-standing and pinned-down F-shape barrier systems with 6-inch drainage scuppers are MASH
TL-3 compliant. Similarly, it can be concluded that the embedded single slope barrier with
drainage scuppers and 12.5-ft long segments is MASH TL-4 compliant. Both F-shape barrier
systems passed MASH Test 3-11, and the single slope barrier system passed MASH Test 4-12.

While the MASH small car Test 3-10 was not performed for all three systems, successful
past testing of similar systems shows that these tests are not critical (2,3,4). Furthermore, the
lighter small car will not impart greater load into the barrier systems and their restraint
mechanisms in comparison to the heavier pickup truck of Test 3-11 (for the F-shape barriers) or
the single unit truck of Test 4-12 (for the single slope barrier). Based on past testing of similar
systems, Test 4-11 with the pickup truck is also not critical for the single slope barrier system
(5). Thus, only Test 3-11 was performed for the F-shape barriers and Test 4-12 for the single
slope barrier.

The free-standing F-shape barrier was tested with a segment length of 12.5 ft. Longer
segment lengths may also be used for this system since increasing segment length reduces the
number of connections per unit length of the system, leading to reduced relative rotation of the
barrier segments at joints — resulting in reduction in barrier deflection. It also increases the
segment mass that must be moved by the vehicle to deflect the barrier.

The pinned-down F-shape barrier was also tested with a segment length of 12.5 ft. In this
case, however, increase in segment length may need to accompany an increase in the number of
anchor pins installed per segment to adequately restrain the barrier. Segment lengths up to 15 ft
may be restrained with three anchor pins per segment. Segments lengths greater than 15 ft and up
to 20 ft may be restrained with four anchor pins per segment.

The test installation of pinned-down F-shape barrier was comprised of a 12-inch thick
Type-A Grade-1 crushed limestone road base, over which a 4-inch thick asphalt pavement was
constructed. This road base was primarily used to meet MASH requirements for the type of soil
that should be used for testing, and to be able to compact the 4-inch thick asphalt pavement on
top. In a field installation, it may not always be feasible to have a 12-inch thick road base.
Furthermore, native soil conditions may vary from one site to another. It should be noted that
the primary resistance to the deflection of the barrier comes from the asphalt pavement. While
differences in soil properties underneath the asphalt layer can have some influence on the lateral
deflection of the barrier, their effect is expected to be minimal as long as the sub-base is stable
enough to roll and compact the asphalt pavement on top of it. Thus, smaller thickness of road
base may also be used in combination with native soil if the sub-base can be stabilized to achieve
proper compaction of the 4-inch thick asphalt pavement on top.

* The opinions/interpretations identified/expressed in this section of the report are outside the scope of TTI Proving
Ground’s A2LA Accreditation.
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The embedded single slope barrier was tested with 4-inch embedment and a segment
length of 12.5 ft. This barrier may be used with longer segment lengths since increasing segment
length increases its mass, which makes the barrier more difficult to move by the impacting
vehicle. The barrier segments tested in this project were 42 inches tall, and with 4-inch
embedment, the effective above grade barrier height was 38 inches. Past testing has shown that
barrier height of 36 inches performs acceptably for MASH Test 4-12 (6). Thus the 42-inch tall
barrier segments may be embedded up to 6 inches in asphalt for a minimum above grade height
of 36 inches. Furthermore, a taller barrier segment that is embedded 4 inches or greater in asphalt
may also be used.

In the test installation of the embedded single slope barrier, asphalt backfill was used
under the drainage scuppers. This backfill material does not have a meaningful interaction with
the barrier during vehicle impact, and therefore, its material properties do not influence the
lateral restraint of the barrier. In a field installation, a different backfill material may be used
under the scuppers if desired.
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2b. Drill @1-3/4" holes through the asphalt with masonry bit, using the sleeve as a A |nstitute

guide. Insert Anchor Pins, and turn so the plate washers fit snug against the barriers.
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2a. All rebar is grade 60. All rebar dimensions are to center of bar
unless otherwise indicated by "cvr" (cover).
2b. 1" chamfer (3/4" each way) top edges of parapet and scuppers.
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2a. All rebar is grade 60. All rebar dimensions are to center of bar
unless otherwise indicated by "cvr" (cover).
2b. 1" chamfer (3/4" each way) top edges of parapet and scuppers.
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CMC STEEL TEXAS
1 STEEL MILL DRIVE
SEGUIN TX 78155-7510

CERTIFIED MILL TEST REPORT

We hereby certify that the test results presented here

For additional copies call

830-372-8771

R A7
i —— r/ /
(jk:@ cranfl s

T

Rolando A Davila

Quality Assurance Manager

are accurate and conform to the reported grade specification

’7HEAT NO.:3089816

Elongation test1  15%
Elongation Gage Lgth test1  8IN
Tensile to Yield ratio test1  1.60
Bend Test1 Passed

S | CMC Construction Svcs College Stati | S | CMC Construction Sves College Stati | Delivery#: 82794205 W
SECTION: REBAR 13MM (#4) 20'0" 420/60 o H BOL#: 73120574
GRADE: ASTM A615-18e1 Gr 420/60 L | 10650 State Hwy 30 I | 10650 State Hwy 30 CUST PO#: 823592
ROLL DATE: 07/16/2019 D | College Station TX P | College Station TX CUST P/N:
MELT DATE: 07/16/2019 US 77845-7950 US 77845-7950 DLVRY LBS / HEAT: 2191.000 LB
Cert. No.: 82794205/ 089816A130 T (979 774 5900 T | 979 774 5900 DLVRY PCS/ HEAT: 164 EA
(o] (o] J
Characteristic  Value Characteristic Value Characteristic Value
C 044% Bend Test Diameter  1.750IN
Mn 0.79%
P 0.013%
S 0.031% ) =5 - =
Si 0.18% é,/;f)/ /,Q; J
Cu 0.33%
Cr 011%
Ni  0.20%
Mo  0.074% The Following is true of the material represented by this MTR:
V  0.000% “Material is fully kiled
Cb 0.001% *100% melted and rolled in the USA
Sn 0.014% "EN10204:2004 3.1 compliant
Al 0.000% *Contains no weld repair
*Contains no Mercury contamination
Yield Strength test 1 65.8ksi *Manufactured in accordance with the latest version
Tensile Strength test1  105.1ksi ofthe plart qusity maauat

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

*Warning: This product can expose you to chemicals which are
known to the State of California to cause cancer, birth defects
or other reproduciive harm. For more information go

to www.P65Warnings.ca.gov

REMARKS :

Page 1 OF 1 08/06/2019 09:53:38
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Aceria Ramos Arizpe

TRAMO SANTA CRUZ QJ0

TelPhone (+52) 01 818 363

CARRETERA MONCLOVA KM 4 NUI

% fl/ﬂ jé 4 00/)4{ \’Oa o

CALIENTE

1111

C.P/OP RAMOS ARIZPE, COAHUILA

EXTELENCIA ER CALIDAD MX 01 800 021 3322, USA 1800 332 2375

MERQ 2125

I CERTIFICATE OF TEST AN ANALYSIS

Tid)59215 Dl ukyess

147830 - 21973241

-
271082019

Hecho en México / Made in Mex
DATCS DEL CUENTE { SOLD 70 CUIENTE CONSIGNADO / SHIP TO : 'DAT_OSDEI.E&BAROUETSHPPJNG INFORMATION |
Cliente / Customer: DEACERO USA INC (HOUSTON DISTRIBUTION CENTER) Clienta / Customer: DEACERO USA ING (HOUSTON DISTRIBUTION Nim. Vigie / Travel Na: 147830
CENTER)
Diweccién / Address: 8411 IRVINGTON BLVD Direccién / Address: 1756 FEDERAL RD Nam. Factura / Invorce No: FQoasT3g
Ciudad / City: HOUSTON Estado / State:, TX Cludad / City: HOUSTON Estado / State:, TX Pedido / Customer Order No: 21873241
Teléfono / Phone: 332 2376 Pais / Country: US.A. C.PIZIF 770223 Nim. Plan / Shipping Plan: 158367
Cormeo Electénico / eMad: | Fsd’uEﬂbammlDﬁ:a:ZNDGrzmg
_I Orden de Compra | Purchase Ordar:
] CONPOSICION QUIMICA 7 CHEMICAL COMPGSITION (% PESO I WEIGHT)
Coleda/ |Secuencia/ | Clava/ Products / Description of Goods XC %Mo [ XS %P [ %S %G | % [wm R RS T | %V [%em] %N ] cE
Heat Sequence Code
AVG AVG AVG AVG AVC AVG AVG AVG AVG AvG AVG AVG AVG AVG AVG
26135 o541 13158  |ROUND BAR 244~ AJGP 20 15T 014 | 067 | 0.18 | 0007 0.003 | 0.24 | 0.088 | 0.083 ©0.020 [ 6.011 { 0.007 | 0.004 0.002 [ 0.002 | 0270
= ) s 5 5 0 5 3 6 1 5
36240 42249 13158 |ROUND BAR V4" A36 P 20157 0.21 [ 078 | D18 0.010 {0.008 | 0.30 |o.118 0.114 | 0.025 [0.011 0.001 | 0.004 | 0.000 0.008 | 0.3e5
5 |'s 5 5 4 0 8 2
d 36243 42228 13158 |ROUND BAR ¥4~ A38 F 20" 1.7 921 | 0.73 { 018 [ 0.008[0.063 | 0.25 |0.117 | 0.100 | 0053 0.012 | 0.001 [ 0.005 | 0.000 | 0008 | 0.357
0 5 5 ° 3 3 3
36245 12224 13158 |ROUND BAR %4~ A35 P 20 157 027 | 072 | 020 [0.009 | 0.014 | 026 | 0.085 | 0.118 [ 0027 0.014 { 0.00% | 0.005 [ 0.000 | 0.003 | 0,353
1 5 Q 0 S & S 3 4 o
PROPIEDADES MECANICAS | MECHANICAL PROPERTES
Cotaga/ encia /| Clave/ Producto / Description of Goods. Calibre / |Camidea / RT TS % Elong / F Ys P. Dobiez/ |
Heat Sequence | Coge Diameter | Bunde PSI Eloni | kgme® | PG Bend Test
AVG AVG AVG AVG AVG
28135 541 13158 |ROUND BAR 34™ A-38 P 20 15T  3i4° 2 5339 (7597387 2470 | 3934 |5588053 Cumpie /
Successtuly
6240 | 4241 | 13158 ROUNDBAR 34 AP 20 15T oF T 045 |T179035| 3179 [ 3514 [5000422| Compie]
Successfully
36243 | 42228 | 13158 |ROUNDBAR 34 AP 20 15T oF 3 4571 |6504533[ 3281 | 3501 |4ssisia Cumpie
38248 42224 13158 [ROUND BAR 34" A38 P 20°1.5T] 3" 1] 4526 (6887398 3305 29.18 }41537.37] Cumpie /

CE={CIH{Cup40y+(M

+VERDE

O+ (INI/20)~{[Cr¥ 10} {[v)10)

Ccfﬁﬁ:mqmmrrmnnmnmdudan.h i
A36-2008, A529-2005 (re aprobada mg), mﬁm
that this material has been produced Had cai .memmbmrﬁmawﬁ:ﬂew
AS523-2005 (Respproved 2009), A572-2012 y A982-2011. and the dimensional standards NMX B252, ASTM ASIASM-2012

¥ probado de acuerdo & las nomas
vZ)Hyalmmsﬁmmwa&wmaﬁlmmJWemﬁy

deflbn:ddhd!imipfﬂiusll!ASm
1o ASTM A35-2008,

JUAN ALEJANDRO GALVAN GARCIA

Gerente de Aseguramiento de Calidad / Qu
Assurance Manager
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EXCELEMCIA EN CALIDAD

Aceria Ramos Arizpe

TRAMO SANTA CRUZ 0JO CALIENTE
C.P.J/ZIP RAMOS ARIZPE, CoAHUILA
TeWPhone (+52)01 818 368 1111

MX 01 800 021 3322, USA 1800 3322376

- DATOS DELCLEN

10

CARRETERA MONCLOVA KM 4 NUMERO 2125

| CERTIFICATE OF TEST AN ANALYSIS

S Baie ives b SEE
lisme ! Customer. DEACERD USA ING (HOUSTON DISTRIBUTION CENTER)

Jireccitn / Address: B411 IRVINGTON BLVD

“hxdad / City: HOUSTON

Estado / State: , TX

Hecho en México / Made in Mexico

¢tono / Phone: 332 2376

Pais/ Country: U.S.A. CP/ZIP 77022-3

Zomeo Electrénico / eMall

COMPOSIC]

Cliarfta / Customer: DEACERG USA INC (HOUSTON DISTRIBUTION Nam. Viaje / Travel No: 135714
CENTER)

Direccién / Address: 1755 FEDERAL RD Nam. Factura / Invoice No: FQ77448
Ciudad / City: HOUSTON Estado / State: , TX

Padido / Customer Order No- 21847733

Nam. Plan / Shipping Ptan: 14494¢

Fecha Embarque

/ Date: 21/01/20°

Orden de Compra / Purchase Orge

Froducto / Daseription of Goods. %C [%mn \
AVG AVG AVG AVG AV AVG AVG AVG |
ROUND BAR 1 1/Z A-38 P 20 2.0T .22 | 075 [ 0.20 [0.009 | 0.008 | 024 [0.074 [0.074 0.047 | 0.014 [ 0.001 | 6.004 [ 0.00z | 0.010 | 0,368 |
| [ s 0 0 0 3 4 2 2
1 FLAT BAR 192" x 316" AB6P 20 207 | 021 | 073 | 531 0012 10.004 | 0.24 [0085 0.084 | 0,01 | 6.012 | 5007 0.004 [ 0.001 | 0.009 | 0.352
{ 0 ] 5 0 1 4 5 2 3
| FLATBAR 1 112" x 316" AB8P 20207 | 0.27 | 077 | 023 0010 | 0005 | 0.21 {0074 [0.078 | 0.0 | 0.012 | 6.007 0.004 [ 0.001 [ 0.008 | 0.354
0 0 s 0 a 8 7 4 B
3810 | 736 | 60584 |FLATBAR I w2 X316 ATS P20'20T | 021076 | 023 [0011|0010| 024 (0,078 0.028 | 0.025 | 0.012 [ 0.001 [ 0.004 | 0,007 | 0.008 | 6362
| | [ a 0 ] 1 ) [ 6 3
[ | 80584 |FLATBART W2 2 316" A-36P 20 2.07 0-20 | 076 | 0.23 0074 [ 0011 | 021 |0.081 0062|5077 0.008 | 0.001 [ 0.004 | 6.001 | 0.008 | 0.350
2 5 0 9 1 4 2 5 a
I 80584 |FLAT BAR 1 1/2° % 316" AB8 P 20 2.07 021 | 0.78 | 0.22 [0.014 [0.005| 027 |b.104 o078 0.016 | 0.014 | 0.001 | 0.004 | 0.001 | 0.008 | 0,358 |
0 5 0 0 2 2 4 8 2
SOB11|ANGLE 1 112" x 1 172" x 176" AB6/528-50 20| 0.20 | 072 020 10.007 [ 0020 [ 0.16 [0.092 | 0.083 | 0.022 0,010 0.001 | 0.005 [ 0.002 [0.000 | 6.345 |
20T - 5 4 3 0 4 2 3 [ 1 |
'L PROPERTIES :
TS [%Eoag/ | LF ¥S P_Doblez /
PSI Elong | ke PSI Send Test
AVG AVG AVG AVG
33530 36488 | £0683 [ROUND BAR 1 1/2° A-36 P 20° 1172° 5 5242 |7459388] 3258 32.24 [45877.52] Comple’
2.0T Succassfulty |
3’07 | 74 \ 80584 [FLAT8AR 1 112" 2 316" ABBF | 11/ 5 4 4372 |6221356| 3057 3044 143316.12] Cumpies
20° 2.0T 16" Successul |
33508 740 80584 IFLAT BAR {112 x 3116 A-36P | 112 x 2 50.85 |72358.55] 3106 3678 (5235217 Cumpie/
20° 2.0T e Succassful
80584 [FLATBAR 1 V2 x3M16"A36P | 112 x ] 5277 |7s081.71| 3354 37.22 |52884.08] Cumpte/
20' 2.0 W15 Successtul :
80584 [FLATBAR 1 12 x 316" A38P | 1 1/2°x 1 5211 [7415253] 3187 3820 (5151280 Cumpla’
20° 2.0 vig Successfully
80584 (FLATBAR 1 42" x 316" A36P | 19/ x 2 4226 |6013558| 3238 38.97 [5280831] Cumple/
20'2.07 g M Successh

hal this material has been produced hot-rofied carbon

and 1ested o

A522-2005 (Reapproved 2009), AS72-2012 y AS92.2011, and the

dimensional sﬂnﬂa’:ﬂs NMX B252, ASTM AB/ABM-2012.

GUSTAVO GABRIEL MAN
Gerente de Aseguramiento de

ILLA GARZA

Calidad / Quality
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EXCELEMCIA EN CALIDAD

Aceria Ramos Arizpe

CARRETERA MONCLOVA KM 4 NUMERO 2125
TRAMO SANTA CRUZ CJO CALIENTE

C.P.2IP RAMOS ARIZPE, COAHUILA
TelPhons (+52) 01 818 368 1111

MX 01 BOO 021 3322, USA, 1800 332 2376

/ CERTIFICATE OF TEST AN ANALYSIS

’NOP!EDADEBHE CANIC,

MmlMﬁm afG«;ucs Calibre /
Diameter

Certificamos que este material ha sido producido, Inspeccionado y probado de acuerdo a las normas de fabricacion def acer aplicables a la ASTM
A38-2008, A529-2005 (re aprobada el 2009), A572-2012 y AB92.2011 ¥ 8 las normas dimensionalas NMX B252, ASTM AB/ABM-2012. [ We certify
that this material has bean produced hot-rolled carbon, i and tested ing to i "3 10 ASTM A36-2008,
A529-2005 (Raapproved 2009). A572-2012 y A992-201 *, and the dimensional standards NMX B252, ASTM AB/AGM-2012,

Hecho en Mé;

22/01/2018
|

—

1135714 - 21847733

xico / Made in Mexico

GUSTAVO GABRIEL MAN
Gerente de Aseguramiento de

CILLA GARZA
Calidad / Quality

Assurance Manager
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aaRl S[’Ec | Material Test Report

7053 W. Woods D Date MTR No.
3 Washington Woods Dr., e
18 <
, Dayton, OH 45459 2439 X . 09% 5/05/2019 0000065775
Phone, (937)573-467%  Fax: (T02)976-4128 —— RefNo 108380

TEST GERTIFICATE ACC TO DIN 50049 : 3.1 BJEN: 10204: 3.1
Customer: Part Number2233-N
PO Number:146313

Description: ASTM A513T5-14, SRA-(BKS), DOM:; Grade=1020; Category=CARBON WELDED, Round;
0OD=3.125" 1D=2.935", (WT=0.095"); Debuired, Length=240" 1o 288"

Product. TUBE Ends: Deburred
_’ Heat No: 18C6983 Steel Grade: 1020
DIMENSIONS TOLERANCE QUANTITY
MM IN -VE +VF uom NUMBER METER/FT WEIGHT TON
oo 79.375 3125 00000 0.0090 1N 5 804.672 2,640 000 4058
[[8] 74 545 293 00050 aceoe IN 6086000 7,315,200 MM 240 000 - 286 000 IN
WT 2.413 Co0%%s 00000 00000 IN
CHEMICAL ANALYSIS MECHANICAL PROPERTIES
ELEMENTS UoM MiIN MAX  MILL  PRODUCI vs uTs %E HARONESS
Carbon (C) % 01800 02300 02010 Pei Psi HRE
Manganese (Mn) o 03000 06000 04510
Silicon (Si) % 0.0270 MiN 55.000 65,000 1000 7500
| Aluminum (AL} % Q0370 MAX
i PlosghonatP), % ORasy: IS0 MILL 72020 81490 1200 8500
| Sulfur (S) % 00350  0.0060 PROD
| Chromium (Cr) Yo
Nickel (Ni) % Sample Onentatiun
Molybdenum (Mo % Tensile Spec Type:
Vanadium (V) % Gauge Wiath (MM):
Copper (Cu) %
Columbium (CB) Y Remarks
Calaium (Ca) Y%
Py e 2
Titamum (Ti) % -._.) )
Nitragen (N} kO MTR# \ % H j q
Boron (B) %
Zwconium {Zr) % PO/Line# \L{ k(-\ 3 l 5 = 8
Antimony (Sb) %
Tin {Sn) % &
_ . e neatg_ 1 OCLABRD
“00% EDDY CURRENT TESTING- £308 PASSED (AS PER S8 OF ASTM A513)
FLATTENING TEST 1/3% OF OD PASSED
FLARING TEST 15 % of 1D PASSED
STRAIGH NESS (171000 WM MAX) PASSED
Remarks:
Melted In: INDIA Produced In' INDIA

Product 1s free of weld repair and has not come ir cortact with Mercury or any of s components

We hereby Certify that the materia’ described above conforms to Specification and Purchase Order

Bl Patrt=

Bill .Jchnslon
Guality Co-ordinator

Any questions, Please email. TestReports@aaris-llc.com

TR No. 612831-01 69 2020-05-07
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MILL TEST CERTIFICATE

ALTOS HORNOS DE MEXICO

AHMSA:QUALITY WITH THE STRENGTH OF STEEL
PROLONGACION JUAREZ SIN NUMERO COLONIA LA LOMA MONCLOVA COAHUILA 25770

B024046B

DATE OF ISSUED PAGE WE HEREBY IHAI CHEMICAL ANU / ©
TUSTUMER SHOW IN IHIS KEFOH | ARE COHREC
AHMSA INT/ TRIPLE-S HOUSTON 12.07.2017 1 CONTAINED 1HE HECORUS Cr 11t COMPANY
ADDRESS
5150 N LOOP1604 W SAN ANTONIO, TX.
e ING. KAMIRO C} ERO! NCHACA
WIDE PLATE.. MECHANICAYA ESIERNU CEr IHCATION |
R e CHEMICAL COMPOSITION = = semecmmmmmmme o iicmcaa .|
HEAT SPECIFICATION o Mn P S si Cu o Ni Mo Alt v cb Ti-
173583  ASTM AS72-50/R709-50 0.170 0©.850 0©.022 0.003 0.120 ©.019 0.028 0.027 0.006 0.034 0.004 0.007 0.002
173584 ASTM A572-50/A709-50 0.160 ©0.840 0.023 0.003 0.120 ©.014 0.023 0.022 0.005 0.034 0.005 0.007 O 002
173585  ASTM AS572-30/A709-50 0.170 0.850 0.024 0.003 0.120 ©0.034 0.023 0.022 0.005 0.031 0.004 0.007 0.002
B T T TEST OF THE PRODUCT = commme oo i |
HEAT SLAB PLATE NO. THICKNESS (Inch) Y.STRENGTH T.STRENGTH $ELON T.ELONG
173583 3170 11144791 0.2500 64.776 (KSI) 80.464 (KSI) 32(%) 2
173583 3220 11145011 0.2500 64.857 (KSI) 80.160 (KSI) 33(%) 2
173584 3080 11145051 0.2500 64.577 (KSI) 79.498 (KSI) 33 (%) 2
173584 3110 11145041 0.2500 64.7B5 (KSI) 80.550(KSI) 34 (%) 2
173585 3030 11145071 0.2500 64.789(KSI) 80.938 (KSI) 34 (%) 2
173585 4070 11145251 0.2500 63.4B8 (XKSI) 80.527 (KSI) 38 (%) g
e it e o 2 e Pt S S o I RS i SO s e SHIPPED PRODUCT mmmmmmmmmeoo oo ]
HEAT PLANCHON PLATE NO. THICKNESS (Inch) WIDTH(Inch) LARCE (Inch) ORDER ITEM DELIVERY
173583 3140 11145081 0.2500 $6.0000 240.0000 0000201489 000010 1002477499
173583 3190 11145033 0.2500 96.0000 240.0000 0000201489 000010 1002477499
172583 3220 11145011 0.2500 96.0000 240.0000 0000201489 000010 1002477499
173583 3220 11145012 0.2500 96.0000 240.0000 0000201489 000010 1002477499
173584 4120 11145061 0.2500 96.0000 240.0000 0000201489 000010 1002477489
173584 4120 11145062 £.2500 96.0000 240.0000 0000201489 000010 10024774399
173584 4120 11145063 €.2500 96.0000 240.0000 0000201489 000010 1002477499
173585 3030 11145071 0.2500 96.0000 240.0000 0000201489 000010 1002477499
173585 3030 11145072 0.2500 96.0000 240.0000 0000201489 000010 1002477493
173585 3030 11145073 0.2500 96.0000 240.0000 0000201489 000010 1002477499
HEAT PLANCHON PLATE NO. CUSTOMER ORD. STANDARD |
173583 3140 11145081 AHTI4820 (WLY-20161) /M A-6
173583 3130 11145033 RAHI4B20 (WLY-20161)/M A-6
173583 3220 11145011 AHT4820 (WLY-20161) /M A-6
173583 3220 11145012 AHI4B820{WLY-20161)/M A-6 |
173584 4120 11145061 AHI4820(WLY-20161)/M A-6 |
173584 4120 11145062 AHT482C (WLY-20161) /M A-§ |
173584 4120 11145063 AHI4820(WLY-20161)/M A-6 i
173585 3030 11145071 BHI4820 (WLY-20161) /M 2-6 I
|
AHWSA'S COMPROMISE IS ONLY WITH THE CUSTOMER MENTIONED IN THISCERTIFICATE, AHMSA WILL ONLY ACGEPT THE ORIGINAL DOCUMENT. LSSOED, : ED1AXLY

CC-03.F-01-A
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[ﬁl ALTOS HORNOS DE MEXICO MILL TEST CERTIFICATE =~ AHMSA:QUALITY WITH THE STRENGTH OF STEEL

PROLONGACION JUAREZ SIN NUMERO COLONIA LA LOMA MONCLOVA COAHUILA 25770

e

B024046B

AHMSA'S COMPROMISE IS ONLY WITH THE CUSTOMER MENTIONED IN THISCERTIFICATE, AHMSA WILL ONLY ACCEPT THE ORIGINAL DOCUMENT.

DATE OF ISSUED PAGE WE HEREEY THAI CHEMCAL AND 1 O ]
CUSTONER SHOW IN i HIS KEF ORI AHSE COKREC
AHMSA INT/ TRIPLE-S HOUSTON 12.07.2017 2 CONTAINEL | HE RECONDS OF inE C: ANY
ADDRESS
5150 N LOOP1604 W SAN ANTONIO, TX.
ING. RAMIRO CisERO NCHACA
PRODUCT
WIDE PLATE.. MECHAN‘)CF\MU CERIIFICATION
e SHIPPED PRODUCT = mmmcmmmcmcmmmmmmmmmmmememee o SN—
HEAT PLANCHON PLATE NO. CUSTOMER ORD. STANDARD
173585 3030 11145072 AHI4820(WLY-20161) /M A-6
173585 3030 11145073 AHI4820(WLY-20161)/M A-6
ALL HEATS AND SIZES ARE FULLY ALUMINUM KILLED WITH FINE GRAIN PRACTICE.
DIN EN10204 3.1 COMPLIANT
COUNTRY OF ORIGIN: MEXICO
e i i i S e i i i S T i i S e i END OF DATA  cmm e e mmmm e momdm e momme e +
i
ISSUED CO1AIl0

|

CC-03-F-01-A
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" ALTOS HORNOS DE MEXICO

MILL TEST CERTIFICATE

AHMSA:QUALITY WITH THE STRENGTH OF STEEL
PROLONGACION JUAREZ SIN NUMEROC COLONIA LA LOMA MONCLOVA COAHUILA 25770

B024047B

| ———— DATE OF ISSUED PAGE WE HERLBY 11A1 CHEMICAL AND | OR

f - N SHOW IN 1HIS KEFOR1 ARE CORRE

] AHMSA INT/ TRIPLE-S HOUSTON 12.07.2017 i CONTAINEU THE RECOKUS OF HE

lnouﬁess

5150 N LOOP1604 W SAN ANTONIO, TX.
T ING. RAMIRO CsEROS MENCHACA
WIDE PLATE.. MECHANICAYA LS END CERI 1 V ;

Bt S P USRS CHEMICAL COMPOSITION  oemmmeoo o _____ -
HEAT SPECIFICATION [ Mn s si cu Ccr Ni Mo Alt v Cb Ti

173583  ASTM A572-50/A70%-50 0.170 0.850 0.022 0.003 0.120 0.019 0.028 0.027 0.006 0.034 0.004 0.007 0.002

173584  ASTM AS572-50/A709-50 0.160 0.840 0.023 ©.003 ©0.120 0.014 0.023 0.022 0.005 0.034 ©.005 0.007 0.002

B et T TSR TEST OF THE PRODUCT = oo mmmmmmmcmmom oo e e . e i e m s
HEAT SLAB PLATE NO. THICKNESS (Inch) Y.STRENGTH T.STRENGTH %$ELON T.ELONG.
173583 3170 11144791 0.2500 64.776 (KSI) 80.464 (KSI) 32(%) 2
173583 3220 11145011 0.2500 64.857 (KSI) 80.160 (KSI) 33 (%) 2
173584 3080 11145051 £.2500 64.577 (KSI) 79.498 (KSI) 33(%) 3
173584 3110 11145041 0.2500 64.785 (KSI) 80.550(KSI) 34(%) 2
= e e e e e e meeae SHIPPED PRODUCT  oemmmmmdmdo oo
HEAT PLANCHON PLATE NO. THICKNESS (Inch) WIDTH(Inch) LARGE(Inch) ORDER ITEM DELIVERY
173583 3180 11145021 0.2500 96.0000 240.0000 0000201489 000010 1002477497
173583 3180 11145022 0.2500 96.0000 240.0000 0000201489 000010 1002477497
173583 3180 11145023 0.2500 96.0000 240.0000 0000201489 000010 1002477487
173583 3220 11145013 0.2500 96.0000 240.0000 0000201489 000010 1002477457
173584 3080 11145051 0.2500 96.0000 240.0000 0000201489 000010 1002477497
173584 3080 11145052 0.2500 96.0000 240,0000 0000201489 000010 1002477497
172584 3080 11145053 0.2500 96.0000 240.0000 0000201489 000010 1002477497
173584 3110 11145041 0.2500 96.0000 240.0000 0000201489 000010 1002477497 |
173584 3110 11145042 ©.2500 96.0000 240.0000 0000201489 000010 1002477497
173584 3110 11145043 0.2500 96.0000 240.0000 0000201489 000010 1002477497
HEAT PLANCHON PLATE NO. CUSTOMER ORD. STANDARD
173583 3180 11145021 AHI4820 (WLY-20161)/M A-§
173583 3180 11145022 AHT4820 (WLY-20161) /M BA-§
173583 3180 11145023 AHI4B820 (WLY-20161)/M A-6
173583 3220 11145013 AHI4B820 (WLY-20161)/M A-6
173584 3080 11145051 AHI4820 (WLY-20161) /M A-6
173584 3080 11145052 AHTI4820 (WLY-20161)/M A-6
173584 3080 11145053 AHI4820 (WLY-20161) /M A-6
173584 3110 11145041 AHI4820 (WLY-20161) /M A-6
173584 3110 11145042 AHI4820 (WLY-20161) /M A-6
173584 3110 11145043 AHIZ820 (WLY-20161) /M A-6

ALL HEATS AND SIZES ARE FULLY ALUMINUM KILLED WITH FINE GRAIN PRACTICE.
AHMSA’'S COMPROMISE 1S ONLY WITH THE CUSTOMER MENTIONED IN THISCERTIFICATE, AHMSA WILL ONLY ACCEPT THE ORIGINAL DOCUMENT, LERNED SOIATLD }
CC-03-F-01-A
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| AHMSA |
& ALTos HoRNOS DE MEXICO

MILL TEST CERTIFICATE

AHMSA:QUALITY WITH THE STRENGTH OF STEEL

PROLONGACION JUAREZ SIN NUMERO COLONIA LA LOMA MONCLOVA COAHUILA 25770

B024047B

So—— = = - DATE OF ISSUED PAGE WE HEREHY 1HAI CHEMICAL AND / OR
CTUSTOMER SHOW IN 1HIS REPOR | —\ENt COK‘R:Q
AHMSA INT/ TRIPLE-S HOUSTON 12,07.2017 2 CONTAINED THE RECOKUS GF 1HE CO
ADDRESS
5150 N LOCP1604 W SAN ANTONIO, TX.
ING. RAMIK 3
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WIDE PLATE.. MECHANCAYAESa8 N CERIFICATION |
DIN EN10204 3.1 COMPLIANT ‘
= |
COUNTRY OF ORIGIN: MEXICO |
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|
|
|
|
|
ISSUED CO1AIl0
ARMSA'S COMPROMISE IS ONLY WITH THE CUSTOMER MENTIONED IN THISCERTIFICATE, AHMSA WILL ONLY ACCEFT THE ORIGINAL DOCUMENT. |
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= Texas A&M

/ Doc.No.q Issue Date:+|
Transportation 7301 ete- T #
‘ Institute QF 7'3 Olcjon(‘lete, OF-7.3-0l= 2018-06-18z
Proving Groundy] Tepips ARM-University] Sa mpllngﬂ
F100-5H-47. Blgg T081] Ccﬁege-Sls:}on.-T)i-.;?84 37
Bryan, TX-77807 || Fhone-§72-845-63757|
I ig . Prepared -by:-Wanda-L.Mengesy Revision:-+ | Page:| o)
Qllﬂll?t)' Formo Approved-by: Darrell L. Kuhn= 6 1-of-1=
I
Project No: 612831 Casting Date:  11/26/2019  Mix Design (psi): 5000
Technician Taking Technician
Sample TERRACON Breaking Sample TERRACON
Signature of Signature of
Technician Technician
Taking Sarmple TERRACON Breaking Sample TERRACON
Load No. Truck No. Ticket No. Location ({from concrete map)
T1 7131 5793157 6 of the F-shape Barriers
LoadNo. | BreakDate | Cylinder Age | Total Load(lbs) [ Break (psi) |  Average
T1-5EE ATTACHED SHEETS FROM TERRACON

TR No. 612831-01
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CUSTOMER’S COPY [ TICKET NO. |
" Martin Marietta ‘
MC:H’ ._IDT = 1503 LBJ Freeway
viarietta Suite 400
Dallas, Tx 75234
RRIRL BRI TREIR (R (IR TIRR) AP0 HRL R
LR LR AT RAELER R A
LOAD TIME TO JOB ARRIVE JOB SITE BEGIN POUR FINISH POUR LEAVE JOB SITE ARRIVE PLANT
e Rk 1@ :
CUSTOMER SIGI(A;r URE

WATER ADDED ON JOB AT CUSTOMER'S HEQUEST LML
GAL.

ALLOWABLE WATER (wﬁhbeld from batch) !
TEST CYLINDER TAKEN OJYES [ONO BY L

DELIVERY OF THESE MATERIALS IS SUBJECT TO THE TERMS ANI

CYLINDER TAKEN O BEFORE Q 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.

CONDITIONS ON THE REVERSE SIDE HEREOF AS ACCEPTED B'
SIGNATURE ABOVE .

CUSTOMER NAME AND DELIVERY ADDRESS PLANT TRUCK ORDER NO. SLuMP P.O. #/JOB/LOT GRID
DRIVER NAME DATE 3
CUSTOMER NUMBER PROJECT Cum, aty ORDERED QTY
LOAD QUANTITY  PRODUCT CODE DESCRIPTION UNITPRICE AMOUNT
SPECIAL DELIVERY INSTRUCTIONS Al
TOTAL
DANGER! MAY CAUSE ALKALI BURNS.
SEE WARNINGS ON REVERSE SIDE. FOR OFFICE USE ONLY FORM:
TR No. 612831-01 75 2020-05-07



CONCRETE COMPRESSIVE STRENGTH TEST REPORT

Report Number: Al1171057.0071
Service Date: 11/25/19
Report Date: 01/07/20
Task: PO #612831-01

Revision 2 - 43-day results

1lerracon

6198 Imperial Loop

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

Client

Texas Transportation Institute

Attn: Gary Gerke
TTT 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: 5,000 psi @ 28 days Sample Date: 11/25/19 Sample Time: 1020
Sampled By: David Thompson
Mix ID: R97Z50547 Weather Conditions: Clear, no wind
Supplier: Martin Marietta Accumulative Yards: 9/9 Batch Size (cy): 9
Batch Time: 0928 Plant: 617 Placement Method: Direct Discharge
Truck No.: 7131 Ticket No.: 5793157 Water Added Before (gal): 15
. Water Added After (gal):
Field Test Data Sample Location: Traffic barricade
Test Result Specification Placement Location: Traffic barricade (PO #612831-01)
Slump (in): 43/4 Not Specified
Air Content (%): 1.0 Not Speciified
Concrete Temp. (F): 72 40 -95
Ambient Temp. (F): 69 40-95
Plastic Unit Wt. (pcf): 148.2 Not 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) (1bs) (psi) Type By
1 A 4.00 12.57 11/26/19 12/02/19 7F 62,170 4,930 IC™M
1 B 4.00 12.57 11/26/19 01/07/20 43 F 81,920 6,520 1 BJA
1 C 4.00 12.57 11/26/19 01/07/20 43 F 83,210 6,620 1 BIA
1 D 4.00 12.57 11/26/19 01/07/.20 43 F 87,260 6,940 1 BJA
1 F 4.00 12.57 11/26/19 01/07/20 43F 77,210 6,140 1 BIA
1 E 11/26/19 Hold
Initial Cure: Cure Blanket Final Cure: Field Cured
Comments: F = Field Cured
**Time and mileage shown on Report No. A1171057.0070.
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.: David Thompson Start/Stop: **
Reported To:
Contractor:
%??ﬁfi?iﬁfﬁ:‘lﬁ‘ﬂ?‘l:&“"e Gary Gerke (1) Terracon Consultanis, Inc., Andrea Allen Reviewed By:
Andrea Allen
Project Manager

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

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

CROOOT, 11-16-12, Rev &

TR No. 612831-01

Page 1 of 1
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= Texas A&M

/ Doc.No.q Issue Date:+|
Transportation 7301 ete- T #
‘ Institute QF 7'3 Olcjon(‘lete, OF-7.3-0l= 2018-06-18z
Proving Groundy] Tepips ARM-University] Sa mpllngﬂ
F100-5H-47. Blgg T081] Ccﬁege-Sls:}on.-T)i-.;?84 37
Bryan, TX-77807 || Fhone-§72-845-63757|
I ig . Prepared -by:-Wanda-L.Mengesy Revision:-+ | Page:| o)
Qllﬂll?t)' Formo Approved-by: Darrell L. Kuhn= 6 1-of-1=
I
Project No: 612831 Casting Date: 12/9/2019 Mix Design (psi): 5000
Technician Taking Technician
Sample TERRACON Breaking Sample TERRACON
Signature of Signature of
Technician Technician
Taking Sarmple TERRACON Breaking Sample TERRACON
Load No. Truck No. Ticket No. Location ({from concrete map)
T1 7165 5817467 6 of the F-shape Barriers
LoadNo. | BreakDate | Cylinder Age | Total Load(lbs) [ Break (psi) |  Average
T1-5EE ATTACHED SHEETS FROM TERRACON

TR No. 612831-01

7

2020-05-07



A Mar tln
Marietta

CUSTOMER'S COPY

Martin Marietta

1503 LBJ Freeway

Suite 400

Dallas, Tx 75234

IR0 O 0 g

[ TICKETNO. |

T

LOAD TIME TO JOB AR%\"E JOB SITE % BEGIN POUR FINISH POUR LEAVE JOB SITE ARRIVE PLANT
oty | B = L)
A= .= 4] C w >
/ &L
WATER ADDED ON JOB AT CUSTOMER'S REQUEST ]_,__«,_‘___GAL MR AN
ALLOWABLE WATER (withheld from batch) GAL. X

TEST CYLINDER TAKEN QO YES
CYLINDER TAKEN

QNO BY
UIBEFORE L AFTER WATER
ADDITIONAL WATER ADDED TO THIS CONCRETE WILL REDUCE

DELIVERY OF THESE MATERIALS IS SUBJECT TO THE TERMS AN

ITS STRENGTH. ANY WATER ADDED IN EXCESS OF SPECIFIED

SLUMP IS AT CUSTOMER’S RISK.

CONDITIONS ON THE REVERSE SIDE HEREOF AS ACCEPTED E
SIGNATURE ABOVE .

CUSTOMER NAME AND DELIVERY ADDRESS PLANT TRUCK ORDER NO. SLUMP P.0. #.JOB/LOT GRID
DRIVER NAME DATE
CUSTOMER NUMBER PROJECT cum. aty ORDERED GTY
PRODUCT CODE DESCRIPTION UNITPRICE AMOUNT

LOAD QUANTITY

SPECIAL DELIVERY INSTRUCTIONS

SALES TAX

TOTAL

DANGER! MAY CAUSE ALKALI BURNS.
SEE WARNINGS ON REVERSE SIDE.

FOR OFFICE USE oNnLy FORM:

TR No. 612831-01
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CONCRETE COMPRESSIVE STRENGTH TEST REPORT

Report Number: A1171057.0078 1rerracon

Service Date: 12/09/19 6198 Imperial Loop
Report Date: 01/07/20 Revision 1 - 29-day results College Station, TX 77845-5765
Task: PO#612851 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: 5,000 psi @ 28 days Sample Date: 12/09/19 Sample Time: 0825
Sampled By: Alexander Dunigan
Mix ID: R9Z50547 Weather Conditions: Cloudy, no wind
Supplier: Martin Marietta Accumulative Yards: 9/9 Batch Size (cy): 9
Batch Time: 0723 Plant: 617 Placement Method: Direct Discharge
Truck No.: 7615 Ticket No.: 5817467 Water Added Before (gal): 0
. Water Added After (gal): 0
Field Test Data Sample Location: South end of 3rd barrier from the south
Test Result Specification Placement Location: Concrete barriers
Slump (in): 61/2 Not Specified
Air Content (%): Not Specified
Concrete Temp. (F): 75 40 - 95
Ambient Temp. (F): 70 40-95
Plastic Unit Wt. (pcf): 147.4 Not 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) (Ibs) (psi) Type By
1 A 4.00 12.57 12/10/19 01/07/20 29F 75,380 6,000 3 BJA
1 B 4.00 12.57 12/10/19 01/07/.20 29F 73,690 5.860 3 BIA
1 C 4.00 12.57 12/10/19 01/07/20 29F 75,470 6,010 3 BIA
1 D 12/10/19 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.: Alexander Dunigan Start/Stop:  0715-0930
Reported To:
Contractor:
Report Distribution: .
{1) Texas Transporiation Mstilute, Gary Gerke (1) Terracon Consultanis, Inc., Andrea Allen Reviewed By:
Andrea Allen
Project Manager

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

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

Page 1 of 1

CROOOT, 11-16-12, Rev &

TR No. 612831-01 79 2020-05-07



Praving-Ground

/ ;’exas AZM
< Transportation
A

Tepas ASM-University]]

3100-5H47, Blsigy l?-:us M College-Station, TX-T75437
07

Samplingo

Doc. No.j Issue Date:+[
!
QF-7.3-0]= 2018-06-18=

Bryan, TX-773 Phone-878-845-5375 7|
" PP . Prepared-by:-Wanda- L. Menges? Revision:-+' | Pagef] C
Ql‘lﬂllf} Formo Approved-by:-Darrell L -Kuhno 6 1-of-1=
I
Project No: Casting Date: 12/18/2019 Mix Design (psi): 5000
Mame of Technician Mame of Technician
Taking Sample TERRACON Breaking Sample TERRACOMN
Signature of Signature of
Technician Technician Breaking
Taking Sample TERRACON Sarmple TERRACON
Load Mo. Ticket Mo. Location {from concrete map)
T1 5836268 Remaining F-shape Barriers
Load No. | Cylinder Age | Total Load (lbs} | Break (psi} | Average

SEE ATTACHED SHEETS FROM TERRACON

TR No. 612831-01
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CUSTOMER'S COPY

Martin Marietta

1503 LBJ Freeway
Suite 400

A Martin
Marietta

[ TICKETNO. |

Dallas, Tx 75234

ERIR AU e 18§ 1811 1RE1
HH R ERERI OB L
LOAD TIME TO JOB ARRIVE JOB SITE BEGIN POUR FINISH POUR LEAVE JOB SITE ARRIVE PLANT
: il —; _J | / ar wiy T - " -
WATER ADDED ON JOB AT CUSTOMER'S REQUEST et g [FUSTOMER SI LR
X

ALLOWABLE WATER (withheld frombatch)  ____~ GAL.
TEST CYLINDERTAKEN OYES QNO BY
CYLINDER TAKEN QI BEFORE ) AFTERWATER

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

ADDITIONAL WATER ADDED TO THIS CONCRETE WILL REDUCE  SIGNATURE ABOVE .
ITS STRENGTH. ANY WATER ADDED IN EXCESS OF SPECIFIED
SLUMP IS AT CUSTOMER’S RISK.
CUSTOMER NAME AND DELIVERY ADDRESS PLANT TRUCK ORDER NO. SLUMP P.O. #/JOB/LOT GRID
DRIVER NAME DATE
CUSTOMER NUMBER PROJECT CuUM. aTY ORDERED GQTY
LOAD QUANTITY PRODUCT CODE DESCRIPTION UNITPRICE AMOUNT
57
0%/
| bl d¢
Y
.: \ [i/ .
SPECIAL DELIVERY INSTRUCTIONS SALES TAX
TOTAL
DANGER! MAY CAUSE ALKALI BURNS.
SEE WARNINGS ON REVERSE SIDE. FOR OFFICE USE oNLY FORM:
TR No. 612831-01 81 2020-05-07



CONCRETE COMPRESSIVE STRENGTH TEST REPORT

Report Number: A1171057.0081 1rerracon

Service Date: 12/18/19 6198 Imperial Loop
Report Date: 01/07/20 Revision 1 - 20-day results College Station, TX 77845-5765
Task: PO#612851 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: 12/18/19 Sample Time: 1243
Sampled By: Cullen Turney
Mix ID: R9Z50547 Weather Conditions: Clear, moderate wind
Supplier: Martin Marietta Accumulative Yards: 7/7 Batch Size (ey): 7
Batch Time: 1154 Plant: 617 Placement Method: Direct Discharge
Truck No.: 8130 Ticket No.: 5836268 Water Added Before (gal): 10
. Water Added After (gal): 0
Field Test Data Sample Location: Third F beam
Test Result Specification Placement Location: Apron 4 (PO #612831)
Not Specified
Air Content (%): Not Specified
Concrete Temp. (F): 40 - 95
Ambient Temp. (F): 55 40-95
Plastic Unit Wt. (pcf): Not 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) (Ibs) (psi) Type By
1 A 6.00 28.27 12/19/19 01/07/20 20F 162,820 5,760 1 BJA
1 B 6.00 28.27 12/19/19 01/07/20 20F 166,840 5,900 1 BJA
1 C 6.00 28.27 12/19/19 01/07/20 20F 163,510 5.780 1 BIA
1 D 12/19/19 Hold
Initial Cure: Outside Final Cure: Field Cured

Comments: Not tested for plastic unit weight. F= Field Cured

**Time and mileage shown on Report No. A1171057.0080.

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.: Cullen Turney Start/Stop: **
Reported To:
Contractor:
Report Distribution: .
{1) Texas Transporiation Mstilute, Gary Gerke (1) Terracon Consultanis, Inc., Andrea Allen Reviewed By:
Andrea Allen
Project Manager

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

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

3. 5 o
CROOO, 11-16-12, Rev.6 Page 1 of 1

TR No. 612831-01 82 2020-05-07



TO-TEBCTY ON dL

€8

L0-50-020¢2

We hereby certify that the test results presented here
SAANNS

77T CMC STEEL TEXAS CERTIFIED MILL TEST REPORT are accurate and conform to the reported grade specification
& 1 1 STEEL MILL DRIVE For additional copies call _ #7
SEGUIN TX 78155-7510 830-372-8771 ‘%’,ﬂi - E_Qf/l
T Rolande A Davila
Quality Assurance Manager
HEAT NO.:3090295 S | CMC Construction Svcs College Stati | S | CMC Construction Svcs College Stati Delivery#: 82812501
SECTION: REBAR 16MM (#5) 20"0" 420/60 0 H BOL#: 73150643
GRADE: ASTM A615-18e1 Gr 420/60 L | 10650 State Hwy 30 I 110650 State Hwy 30 CUST PO#: 825407
ROLL DATE: 08/13/2019 D | College Station TX P | College Station TX CUST PIN:
MELT DATE: 08/04/2019 US 77845-7950 US 77845-7950 DLVRY LBS / HEAT: 24090.000 LB
Cert. No.: 82812501 / 090295A371 T | 979 774 5900 T | 979 774 5900 DLVRY PCS/ HEAT: 1155 EA
0 (o}
Characteristic ~ Value Characteristic Value Characteristic Value
C  0.42% Bend Test Diameter  2.188IN
Mn  0.90%
P 0.010%
S 0.039% 0/;?2/ - 7
Si  0.23%
Cu  0.32%
Cr  0.13%
Ni  0.19%
Mo 0.054% The Following is true of the material represented by this MTR:
v 0.000% *Material is fully killed
Cb 0.001% *100% melted and rolled in the USA
Sn 0.011% *EN10204:2004 3.1 compliant
Al 0.000% *Contains no weld repair
*Contains no Mercury contarmination
Yield Strength test 1 67.7ksi “Manufactured in accordance with the latest version
Tensile Strength test 1 105.1ksi ofthe piant quality manual
Elongation test 1 16% “"Meets the "Buy America” requirements of 23 CFR635.410, 49 CFR 661
Elongation Gage Llh test 1 8IN *Warning: This product can expose you to chemicals which are
Tensile to Yield ratio test1 1.55 known to the State of California to cause cancer, birth defects
Bend Test 1 Passed or other reproductive harm. For more information go
fo www.P65Warnings.ca.gov

REMARKS :

Page 1 OF 1 08/22/2019 11:34:24



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

For additional copies call

CMC STEEL TEXAS
1 STEEL MILL DRIVE

TO-TEBCTY ON dL

8

L0-50-020¢2

SEGUIN TX 78155-7510

830-372-8771

—— i
==
-l;l_‘f‘:‘&; CRA A ':'L(:F—:’L

Rolando A Davila

Quality Assurance Manager

HEAT NO.:3090116

SECTION: REBAR 25MM (#8) 20°0" 420/60
GRADE: ASTM A615-18e1 Gr 420/60
ROLL DATE: 08/03/2019

MELT DATE: 07/27/2019

orow

CMC Construction Svcs College Stati

10650 State Hwy 30
College Station TX
US 77845-7950

CMC Construction Svcs College Stati

10650 State Hwy 30
College Station TX
US 77845-7950

Delivery#: 82799443

BOL#: 73129113

CUST PO#: 824142

CUST PIN:

DLVRY LBS / HEAT: 12816.000 LB

Cert. No.: 82799443 / 090116A041 T | 979 774 5900 T | 979 774 5900 DLVRY PCS / HEAT: 240 EA
(o} [0}
Characteristic ~ Value Characteristic Value Characteristic Value
C 0.42% Bend Test Diameter  5.000IN
Mn 1.25%
P 0.013%
S 0.043%
Si  0.22% o) =
Cu 031% {7 [R&3/- =
Cr  0.07% )
Ni  0.08%
Mo 0.027% The Following is true of the material represented by this MTR:
VvV  0.000% *Material is fully killed
Cbh 0.001% *100% melted and rolled in the USA
Sn 0.010% *EN10204:2004 3.1 compliant
Al 0.000% *Contains no weld repair
*Contains no Mercury contamination
Yield Stre ngth test 1 64.6ksi *Manufactured in accordance with the latest version
Tensile Strength test 1 107.1ksi of the plant quality manual
Elongation test1  15% *Meets the "Buy America" requirements of 23 CFR635 410, 49 CFR 661
Elongation Gage Lgth test 1 8IN *Warning: This product can expose you to chemicals which are
Tensile to Yield ratio test1 1.66 known to the State of California to cause cancer, birth defects
Bend Test 1 Passed or other reproductive harm. For more information go
to www. P65Warnings.ca.gov

REMARKS :

Page 1 0F 1 08/09/2019 15:48:20




TO-TEBCTY ON dL

g8

L0-50-020¢2

We hereby certify that the test results presented here
CMC STEEL TEXAS CERTIFIED MILL TEST REPORT are accurate and conform to the reported grade specification
1 STEEL MILL DRIVE For additional copies call

- ¥
& SEGUIN TX 78155-7510 830-372-8771 _1' ’t’& ” C/
N e - CRA AR =

Rolando A Davila

AN,
7T\

Quality Assurance Manager

HEAT NO.:3088704 S | CMC Construction Svcs College Stati | S | CMC Construction Svcs College Stati | Delivery#: 82794206
SECTION: REBAR 19MM (#6) 20°0" 420/60 [o] H BOL#: 73120575
GRADE: ASTM A615-18e1 Gr 420/60 L | 10650 State Hwy 30 1 [10650 State Hwy 30 CUST PO#: 823593
ROLL DATE: 05/31/2019 D | College Station TX P | College Station TX CUST P/N:
MELT DATE: 05/21/2019 US 77845-7950 US 77845-7950 DLVRY LBS/HEAT: 12978.000 LB
Cert. No.: 82794206 / 088704A619 T | 979 774 5900 T | 979 774 5900 DLVRY PCS/HEAT: 432 EA
0 o
Characteristic  Value Characteristic Value Characteristic Value
C  0.44%
Mn  0.88%
P 0.010%
S 0.036%
Si 0.17% /n/gfff/— 3
Cu 0.29% -
Cr  0.10%
Ni  0.25%
Mo 0.092% The Following is true of the material represented by this MTR:
v 0.000% *Material is fuily killed
Cb  0.001% *100% melted and rolled in the USA
Sn  0.011% *EN10204:2004 3.1 compliant
Al 0.000% *Contains no weld repair
*Contains no Mercury contamination
Yield Strength test 1 69.4ksi *Manufactured in accordance with the latest version
Tensile Strength test 1 109.8ksi of the plant quality manual
Elongaﬁon test 1 15% *Meets the "Buy America” requirements of 23 CFR635.410, 49 CFR 661
Elongation Gage Lgth test 1 8IN “Warning: This product can expose you to chemicals which are
Bend Test 1 Passed known to the State of California to cause cancer, birth defects
Bend Test Diameter 3.750IN or other reproductive harm. For more information ago
to www.P65Warnings.ca.gov

REMARKS :

Page 1 OF 1 08/05/2019 16:47:45



TO-TEBCTY ON dL

98

L0-50-020¢2

CMC STEEL TEXAS
1 STEEL MILL DRIVE

SEGUIN TX 78155-7510

CERTIFIED MILL TEST REPORT
For additional copies call
830-372-8771

We hereby certify that the test results presented here

are accurate and conform to the reported grade specification

T {/ /
CI;—:"/—J"; R n T ,{/1

- i Rolandeo A Davila

Quality Assurance Manager

’?EAT NO.:3089816

SECTION: REBAR 13MM (#4) 20'0" 420/60
GRADE: ASTM A615-18e1 Gr 420/60
ROLL DATE: 07/16/2019

MELT DATE: 07/16/2019

Cert. No.: 82794205/ 089816A130

orow

o+

US 77845-7950
979 774 5900 T | 979 774 5900

CMC Construction Svcs College Stati

10650 State Hwy 30
College Station TX

10650 State Hwy 30
College Station TX
US 77845-7950

CMC Construction Svcs College Stati Delivery#: 82794205

BOL#: 73120574

CUST PO#: 823592

CUST P/IN:

DLVRY LBS / HEAT: 2191.000 LB
DLVRY PCS/ HEAT: 164 EA

|

Characteristic  Value

Characteristic Value

Characteristic Value

C  044%
Mn  0.79%
P 0.013%
S 0.031%
Si  0.18%
Cu 0.33%
Cr 0.11%
Ni  0.20%
Mo  0.074%
VvV  0.000%
Cb  0.001%
Sn 0.014%
Al 0.000%

Yield Strength test 1  65.8ksi
Tensile Strength test1  105.1ksi
Elongation test1  15%
Elongation Gage Lgth test1  8IN
Tensile to Yield ratio test1  1.60
Bend Test1 Passed

L1831 1,2, 3

Bend Test Diameter  1.750IN

The Following is true of the material represented by this MTR:
*Material is fully killed
*100% melted and rolled in the USA
*EN10204:2004 3.1 compliant
*Contains no weld repair
*Contains no Mercury contamination
*Manufactured in accordance with the latest version
of the plant quality manual
"Meels the "Buy America” requirements of 23 CFR635.410, 49 CFR 661
*Warning: This product can expose you lo chemicals which are
known fo the State of California to cause cancer, birth defects
or other reproductive harm. For more information go
to www.P65Warnings.ca.gov

REMARKS :
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TO-TEBCTY ON dL

JAS

L0-50-020¢2

We hereby certify that the test results presented here
,;I.A.\“-\ CMC STEEL TEXAS CERTIFIED MILL TEST REPORT are accurate and conform to the reported grade specification
| 1 STEEL MILL DRIVE For additional copies call

P 7
74 UINT 55-7510 830-372-8771 -
@ SEG X 78155-75 372 (%_éc@.mf_(//t

5= Rolando A Davila

Quality Assurance Manager

’H—EAT NO.:3090295 S | CMC Construction Svcs College Stati | S | CMC Construction Sves College Stati | Delivery#: 82812501
SECTION: REBAR 16MM (#5) 20'0" 420/60 (o] H BOL#: 73150643
GRADE: ASTM A615-18e1 Gr 420/60 L [ 10650 State Hwy 30 I | 10650 State Hwy 30 CUST PO#: 825407
ROLL DATE: 08/13/2019 D | College Station TX P | College Station TX CUST PIN:
MELT DATE: 08/04/2019 US 77845-7950 US 77845-7950 DLVRY LBS / HEAT: 24090.000 LB
Cert. No.: 82812501 / 090295A371 T | 979 774 5900 T (979 774 5900 DLVRY PCS/ HEAT: 1155 EA
o] o]
Characteristic ~ Value Characteristic Value Characteristic Value
C 0.42% Bend Test Diameter  2.188IN
Mn  0.90%
P 0.010% o~ <3
S 0.039% é //:) / 4 )
Si 0.23%
Cu 0.32%
Cr 0.13%
Ni  0.19%
Mo 0.054% The Following is true of the material represented by this MTR:
v 0.000% “Material is fully killed
Cb 0.001% *100% meilted and rolled in the USA
Sn 0.011% *EN10204:2004 3.1 compliant
Al 0.000% *Contains no weld repair
*Contains no Mercury contamination
Yield Strength test 1 67.7ksi "Manufactured in accordance with the latest version
Tensile Strength test 1 105.1ksi of the plant quality manua
Elongation test 1 16% *Meets the "Buy America” requirements of 23 CFR635.410, 49 CFR 661
Elongation Gage Lgth test 1 8IN *Warning: This product can expose you to chemicals which are
Tensile to Yield ratio test1 1.55 known to the State of California to cause cancer, birth defects
Bend Test 1 Passed or other reproductive harm. For more information go
o www P65Warnings.ca.gov

REMARKS :

Page 1 OF 1 08/22/2019 11:34:24



/ ‘-T Texas A&M Doc.-No.f Issue Date:+'|¢
Transportation K . ete- T l
" |nstitute QF-7.3-01::Concrete QF7.3-015 | 2018-06-182
Praving-Ground Tepsps ABM University]] Sa mp]lngﬂ
3100-5H-47, Blg 70811 :c’rl‘ege-als:_uon.-ni-.;?s4 31
Bryan, TX-77807 1| Phone-878-845-5375 7|
" PP . Prepared-by:-Wanda- L. Menges? Revision:-+' | Pagef] C
Ql‘lﬂllf} Formo Approved-by:-Darrell L -Kuhno 6 1-of-1=
I
Project No: 612831 Casting Date: 10/3/2015 Mix Design (psi): 4000
Mame of Technician Marme of Technician
Taking Sample TERRACON Breaking Sample TERRACOMN
Signature of Signature of
Technician Technician Breaking
Taking Sample TERRACON Sarmple TERRACON
Load Mo. Truck MNo. Ticket Mo. Location {from concrete map)
Lower 3 ft of all Barrier, remaining for 3 barrier from
T1 7211 56595733 south end
half of the top of the 4th barrier, top of remaining 2
T2 8162 5655885 barriers on north side
Load No. | Break Date | Cylinder Age | Total Load (lbs} | Break (psi} | Average
T1-SEE ATTACHED SHEETS FROM TERRACON
T2-SEE ATTACHED SHEETS FROM TERRACON
TR No. 612831-01 88 2020-05-07



CUSTOMER'S COPY

Martin Marietta

MCII:_tII"t 1503 LBJ Freeway
Mar |ettc;1 ; Suite 400
‘ e Dallas, Tx 75234

§§a§§§4§%5§1§i§3§

7] = . i B
z 2 it -
y 7
CUSTOMER SIGNAJURE ,~ 4

WATER ADDED ON JOB AT CUSTOMER'S REQUEST j 7 San
ALLOWABLE WATER (withheld from batch) S o e —
N DELIVERY OF THESE MATERIALS'IS SUBJECT TO THE TERMS AN

X.A‘.”hl. /’f 1- i !’7{" 7

TEST CYLINDERTAKEN OYES QNO; BY
CYLINDER TAKEN L BEFORE O 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.

CONDITIONS ON THE REVERSE SIDE HEREOF AS ACCEPTED B
SIGNATURE ABOVE .

C,USTOMER NAME AND DELIVERY ADDRESS PLANT TRUCK ORDER NO. SLUMP P.O. #JOB/LOT GRID
@ e : ;
DRIVER NAME DATE
CUSTOMER NUMBER PROJECT CUM. QrY ORDERED GTY
LOAD QUANTITY ~ PRODUCT CODE DESCRIPTION UNITPRICE AMOUNT
; -
! ,72;-, ’ #
"
R et »
SPECIAL DELIVERY INSTRUCTIONS : i : i g P . SALES'TAX
TOTAL
DANGER! MAY CAUSE ALKALI BURNS. $1 8 ~
SEE WARNINGS ON REVERSE SIDE. = = FOR OFFICE USE oNLY FORM: 2 i _’; & i e}
.}.- ;,f ¥ 1 ’/_( 3
i 8,
g X : T
9%
o i T g
o L sl 4 i

TR No. 612831-01



Martin
Marietta

CUSTOMER'S COPY

Martin Marietta

1503 LBJ Freeway
Suite 400
Dallas, Tx 75234

[ TickeETND. |

Hi TN A
L iw DALY
T LY T mvemsm/ e AT
/‘ i sl :
WATER ADDED ON JOB AT CUSTOMER'S REQUEST ,J ST Towe S e :‘/f’,.
ALLOWABLE WATER (withheld from batch) /€ o, B o = —
TESTCYLINDERTAKEN O YES [LQNO BY DELIVERY OF THESE MATERIALS IS SUBJECT TO THE TERMS AN

CONDITIONS ON THE REVERSE

E HEREOF AS ACCEPTED B

CYLINDER TAKEN U1 BEFORE (1 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 NAME AND DELIVERY ADDRESS

SIGNATURE ABOVE .

PLANT TRUCK ORDER NO. SLumP P.O. #JOB/ILOT GRID
DRIVER NAME DATE
CUSTOMER NUMBER PROJECT cum. cn'v‘ ORDERED QTY
LOAD QUANTITY  PRODUCT CODE DESCRIPTION UNITPRICE AMOUNT
SPECIAL DEL.IVEFIY INSTRUCTIONS SALES TAX
TOTAL

JANGER! MAY CAUSE ALKALI BURNS,

SEE WARNINGS ON REVERSE SIDE. FOR OFFICE USE oNLY FORM: 2 Q{324

TR No. 612831-01 90 2020-05-07



/ “? Texas A&M Doc. No.q Issue Date:+|-
Transportation K . ete- T l
A nstitute QF-7.3-01::Concrete QF7.3-015 | 2018-06-182
Praving-Ground]] Tepsps ABM University]] Sa mp]lngﬂ
3100-5H-47, Blg 70811 :c’rl‘ege-als:_uon.-ni-.;?s4 31
Bryan, TX-77807 1| Phone-878-845-5375 7|
" PP . Prepared-by:-Wanda- L. Menges? Revision:-+' | Pagef] C
Ql‘lﬂllt} Formno Approved-by: Darrell L.-Kuhno 6o 1-of-1=
I
Project No: 612831 Casting Date: 10/16/2019 Mix Design (psi): 4000
Mame of Technician Mame of Technician
Taking Sample TERRACON Breaking Sample TERRACOMN
Signature of Signature of
Technician Technician Breaking
Taking Sample TERRACON Sarmple TERRACON
Load Mo. Truck MNo. Ticket Mo. Location {from concrete map)
T1 7124 5719600 Lower 3 ft of all Barriers
T2 8162 5715691 Top half of all barriers
Load No. | Break Date | Cylinder Age | Total Load (lbs} | Break (psi} | Average
T1-SEE ATTACHED SHEETS FROM TERRACON
T2-SEE ATTACHED SHEETS FROM TERRACON
TR No. 612831-01 91 2020-05-07



CUSTOMER'S COPY

Martin Marietta

[ TICKET NO. |

A MGI'_tII"I 1503 LBJ Freeway
Marietta Suite 400
Dallas, Tx 75234
TTHTR TR T £ R 1B T BT TR TR
| 1HRIR] §] ﬁétﬂi"%ﬁ*ﬂ'ﬁ%
LOAD TIME TO JOB ARRIVE JOB SITE BEGIN POUR FINISH POUR LEAVE JOB SITE ARRIVE PLANT
: 72 Ok Y. A/ P g :

WATER ADDED ON JOB AT CUSTOMER'S REQUEST ! 1 g B R
ALLOWABLE WATER (withheld from batch) 1¥-7 gaL. &
TEST CYLINDER TAKEN QYES NO BY DELIVERY OF THESE MATERIALS IS SUBJECT TO THE TERMS ANI
CYLINDER TAKEN LIBEFORE ' AFTER WATER CONDITIONS ON THE REVERSE SIDE HEREOF AS ACCEPTED B

ADDITIONAL WATER ADDED

TO THIS CONCRETE WILL REDUCE'

SIGNATURE ABOVE .

ITS STRENGTH. ANY WATER ADDED IN EXCESS OF SPECIFIED

SLUMP IS AT CUSTOMER’S RISK.

CUSTOMER NAME AND DELIVERY ADDRESS ORDER NO. SLUMP P.0. #/JOB/LOT GRID
DRIVER NAME rh DATE
CUSTOMER NUMBER  PROJECT  cuM. Y ~ ORDEREDGTY
LOAD QUANTITY  PRODUCT CODE DESCRIPTION UNIT PRICE AMOUNT
SPECIAL DELIVERY INSTRUCTIONS AT
TOTAL

DANGER! MAY CAUSE ALKALI BURNS.
SEE WARNINGS ON REVERSE SIDE.

ror orFice use onty FORM:

TR No. 612831-01
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I—

T — CUSTOMER'S COPY
Martin Marietta
‘ AMqrtln 1503 LBJ Freeway
Marietta Suite 400

Dallas, Tx 75234
TR
IR

MR B

LOAD TIME TO JOB: ARRIVE JOB SITE BEGIN POUR FINISH POUR LEAVE JOB SITE . r," ARRIVE PLANT
= = = - ," -/ - .,"" ]
i 5 - . A . .
ra ¥k 7
cUSTDMEH SIQM'FURE Z iy i 57
WATER ADDED ON JOB AT CUSTOMER S HEQUEST __f;'_,__GAL 7 /’_7\ /
ALLOWABLE WATER (withheld from batch) . GAL. ¢
€ DEMRY OF THE%EMATER/AI.S”' ECT TO THE TERMS A}

TEST CYLINDERTAKEN OYES UONO BY
CYLINDER TAKEN QIBEFORE 1 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.

CONDITIONS ON THE REVERSE SIDE HEREOF AS ACCEPTED |

SIGNATURE ABOVE .

CUSTOMER NAME AND DELIVERY ADDRESS PLANT TRUCK ORDER NO. SLUMP P.O. #JOB/LOT GRID
DRIVER NAME DATE
CUSTOMER NUMBER PROJECT cuM. arYy ORDERED QTY
. LOAD QUANTITY  PRODUCT CODE DESCRIPTION UNITPRICE AMOUNT
SALES TAX

SPECIAL DELIVERY INSTRUCTIONS

TOTAL

DANGER! MAY CAUSE ALKALI BURNS.

SEE WARNINGS ON REVERSE SIDE. FOR OFFICE USE ONLY FORM:

TR No. 612831-01 93 2020-05-07
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APPENDIX C. MASH TEST 3-11 (CRASH TEST NO. 612831-01-1)

VIN No.:

1C6RRG6FTBES355468

Model:

1500

Tire Inflation Pressure:

35 psi

Odometer:

Cl VEHICLE PROPERTIES AND INFORMATION
Table C.1. Vehicle Properties for Test No. 612831-01-1.
Date’ 2020-01-07 Test No - 612831-01-1
Year: 2014 Make: RAM
Tire Size: 265/70R 17
Tread Type: Highway

Note any damage to the vehicle prior to test:

® Denotes accelerometer location.

None

152623

NOTES: None 1
T
Engine Type: V-8
Engine CID: 5.7 liter
Transmission Type:
Auto or [0 Manual
FWD _m_ RWD J:L IND
Optional Equipment:
None T i
@]
Dummy Data: l
Type: Ne dummy used
Mass: 0 Ib
Seat Position: NA
Geometry: inches L 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 v 30.25
C 227 .50 H 62.21 M 68.50 R 18.00 W 62.20
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 Bettom 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: b Curb Test Inertial Gross Static
Front 3700 Mront 2897 2786 2786
Back 3900 Mrear 2070 2214 2214
Total 6700 Motal 4967 5000 5000
[Zlowable Rangs Tor T1M and GSM = 5000 b +110 Ib)
Mass Distribution:
b LF: 1372 RF: 1414 LR: 1148 RR: 1066
TR No. 612831-01 95 2020-05-07




Table C.2. Measurements of Vehicle Vertical CG for Test No. 612831-01-1.

Date: 2020-01-07  Test No.: 612831-01-1 VIN: 1C6RREFTBES355468
Year: 2014 Make: RAM Model: 1500

Body Style: Quad Cab Mileage: 152623

Engine: 5.7liter V-8 Transmission: Automatic

Fuel Level: Empty Ballast: 160 (440 Ib max)
Tire Pressure: Front: 35  psi Rear: 35 psi Size: 265/70R 17

Measured Vehicle Weights: (Ib)

LF: 1372 RF: 1414 Front Axle: 2786
LR: 1148 RR: 1066 Rear Axle: 2214
Left: 2520 Right: 2480 Total: 5000

5000 £110 Ib allowed

Wheel Base:  140.50 inches Track: F: 68.50 inches R: 68.00 inches
148 +12 inches allowed Track = (F+RY2 = 67 £1.5 inches allowed

Center of Gravity, SAE J874 Suspension Method

X 62.21 inches Rear of Front Axle (63 +4 inches allowed)
Y: -0.27 inches Left -  Right + of Vehicle Centerline
Z: 28.50 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 C.3. Exterior Crush Measurements for Test No. 612831-01-1.

Date: 2020-01-07  Test No.- 612831-01-1 VIN No - 1CBRREFTSES355468

Year: 2014 Make: RAM Model: 1500

VEHICLE CRUSH MEASUREMENT SHEET!

Complete When Applicable
End Damage Side Damage
Undeformed end width Bowing:B1 X1

Corner shift: Al B2 = X2

A2
End shift at frame (CDC) Bowing constant
(check one) Y14+ X2
< 4 inches T N

> 4 inches

Note: Measure Cy 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 “ = = s Cs Ce D
Number C-Measurements (CDC) Crush L
1 Front plane at bmpr ht 14 11 28 - - - - - - -20
2 Side plane at bmpr ht 14 14 50 - - - - - - +72

Measurements recorded

inches or |:|mm

!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.

*\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).

i feasure 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.

TR No. 612831-01 97 2020-05-07



Table C.4. Occupant Compartment Measurements for Test No. 612831-01-1.

Date 2020-01-07 Test No 612831-01-1 VIN No.: 1CE6RREFT8ES305468
Year: 2014 Make: RAM Model: 1500
OCCUPANT COMPARTMENT
DEFORMATION MEASUREMENT
il Before  After  Differ.
(inches)

E2 | E3 E4 A1 65.00 65.00 0.00
A2 63.00 63.00 0.00
Tt | AV | 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 23.00 -3.00
C2 0.00 0.00 0.00
C3 26.00 26.00 0.00
D1 11.00 11.00 0.00
D2 0.00 0.00 0.00
[ D3 11.50 11.50 0.00
b = E1 58.50 58.50 0.00
=T ‘ e 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 | 37.50 37.50 0.00
kickpanel to passenger’s side Kickpanel. o 5.00 5 00 0.00
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C2 SEQUENTIAL PHOTOGRAPHS

0.000 s

0.100 s

0.200 s

0.300 s

Figure C.1. Sequential Photographs for Test No. 612831-01-1 (Overhead and Frontal Views).
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0.400 s

0.500 s

0.600 s

0.700 s

Figure C.1. Sequential Photographs for Test No. 612831-01-1 (Overhead and Frontal Views)
(Continued).
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0.700 5
Figure C.2. Sequential Photographs for Test No. 612831-01-1 (Rear View).
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Roll, Pitch, and Yaw Angles

50

40

TO-TEBCTY ON dL

30

20

10

Angles (degrees)

¢0T

0 0.2

L0-G0-020¢2

0.4 1.0 1.2 14

— Roll

Yaw Test Number: 612831-01-1

Axes are vehicle-fixed.

Sequence for determining

orientation:
1. Yaw.
2. Pitch.
3.  Roll

Test Standard Test Number: MASH Test 3-11

Test Article: Pinned F-Shape Barrier with Drainage Scuppers
Test Vehicle: 2014 RAM 1500 Pickup Truck

Inertial Mass: 5000 Ib

Gross Mass: 5000 Ib

Impact Speed: 63.2 mi/h

Impact Angle: 25.5°

Figure C.3. Vehicle Angular Displacements for Test No. 612831-01-1.
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TO-TEBCTY ON dL

€0t

L0-G0-020¢2

Longitudinal Acceleration (Q)

X Acceleration at CG

20
10

0 /\{\A/\ AD’Q/‘/\ /\VV&\— L ) \W ol A -
10 \W U
-20

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

Time (S)
""""""" Time of OIV (0.1053 sec) —— SAE Class 60 Filter — 50-msec average

1.6

Test Number: 612831-01-1

Inertial Mass: 5000 |b
Gross Mass: 5000 Ib
Impact Speed: 63.2 mi/h
Impact Angle: 25.5°

Test Standard Test Number: MASH Test 3-11
Test Article: Pinned F-Shape Barrier with Drainage Scuppers
Test Vehicle: 2014 RAM 1500 Pickup Truck

Figure C.4. Vehicle Longitudinal Accelerometer Trace for Test No. 612831-01-1

(Accelerometer Located at Center of Gravity).
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TO-TEBCTY ON dL

v0T

L0-G0-020¢2

Lateral Acceleration (g)

Y Acceleration at CG

20
15 |
5 I A f\\}/\ ﬂq {\
v Wﬂ % v v Vi
© 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
Time (s)
""""""" Time of OIV (0.1053 sec) —— SAE Class 60 Filter — b50-msec average

Test Number: 612831-01-1

Test Standard Test Number: MASH Test 3-11

Test Article: Pinned F-Shape Barrier with Drainage Scuppers
Test Vehicle: 2014 RAM 1500 Pickup Truck

Inertial Mass: 5000 Ib

Gross Mass: 5000 Ib

Impact Speed: 63.2 mi/h

Impact Angle: 25.5°

Figure C.5. Vehicle Lateral Accelerometer Trace for Test No. 612831-01-1
(Accelerometer Located at Center of Gravity).




TO-TEBCTY ON dL

G0T

Vertical Acceleration (g)

Z Acceleration at CG

1.6

40
30
20
. |
Ohds l\? (V VAUM\%JM\AWVWWMG%MMA M g i \ﬂW k%
-10 J ' i UU
20
_300 0.2 0.4 0.6 0.8 1.0 1.2 14
Time (s)
— SAE Class 60 Filter —— 50-msec average Test Number: 612831-01-1

L0-G0-020¢2

Test Standard Test Number: MASH Test 3-11

Test Article: Pinned F-Shape Barrier with Drainage Scuppers
Test Vehicle: 2014 RAM 1500 Pickup Truck

Inertial Mass: 5000 Ib

Gross Mass: 5000 Ib

Impact Speed: 63.2 mi/h

Impact Angle: 25.5°

Figure C.6. Vehicle Vertical Accelerometer Trace for Test No. 612831-01-1
(Accelerometer Located at Center of Gravity).
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APPENDIX D. MASH TEST 3-11 (CRASH TEST NO. 612831-01-2)

D1  VEHICLE PROPERTIES AND INFORMATION
Table D.1. Vehicle Properties for Test No. 612831-01-2.

Date: 2020-01-09 TestNo:  612831-01-2 VINNo:  1CBRREGT2ES477824
Year: 2014 Make: RAM Model 1500

Tire Size: 265/70 R 17 Tire Inflation Pressure: 35 psi
Tread Type: Highway Odometer: 147198

Note any damage to the vehicle prior to test:  None

® Denotes accelerometer location.

NOTES: Nore

Engine Type: V-8
Engine CID: 5.7 liter

WHEEL
TRACK

1

! |
o o
e e e

——

e

Transmission Type:
Auto or [0 manual

FWD [7] RWD _[] 4AD

Optional Equipment:

TEST INERTIAL C. M

None
Dummy Data:
Type: No dummy
Mass: 0 b
Seat Position: NA
Geometry: inches - c o
A 78.50 F 40.00 K 20.00 =] 3.00 U 26.75
B 74.00 G 28.75 L 30.00 Q 30.50 AV 30.25
C 227 .90 H 60.43 M 68.50 R 18.00 W 60.40
D 44.00 | 11.75 N 68.00 s 13.00 X 79.00
E 140.50 J 27.00 @] 46.00 T 77.00
Wheel Center Wheel Well Bottom Frame
Height Front 14.75 Clearance (Front) 6.00 Height - Front 12.50
Wheel Center Wheel Well Bottom Frame
Height Rear 14.75 Clearance (Rear) 9.25 Height - Rear 22.50
RAMNGE 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: b Curb Test Inertial Gross Static
Front 3700 Mror 2926 2880 2880
Back 3900 Mrear 2110 2174 2174
Total 6700 Motal 5036 5054 5054
- T [Alowable Rangefor TIMand GSM = 5000 b £110 1)
Mass Distribution:
b LF: 1430 RF: 1450 LR: 1110 RR: 1064
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Table D.2. Measurements of Vehicle Vertical CG for Test No. 612831-01-2.

Date: 2020-01-09 Test No.: 612831-01-2 VIN: 1CE6RREGT2ES477824
Year: 2014 Make: RAM Model: 1500

Body Style: Quad Cab Mileage: 147198

Engine: 5.7liter V-8 Transmission: Automatic

Fuel Level: Empty Ballast: 100 (440 1b max)
Tire Pressure: Front: 35  psi Rear: 35 psi Size: 265/7/0R17

Measured Vehicle Weights: (Ib)

LF: 1430 RF: 1450 Front Axle: 2880
LR: 1110 RR: 1064 Rear Axle: 2174
Left: 2540 Right: 2514 Total: 5054

5000 +110 Ib allowed

Wheel Base:  140.50 inches Track: F: 68.50 inches R: 68.00 inches
148 112 inches allowed Track = (F+R)/2 = 67 £1.5 inches allowed

Center of Gravity, SAE J874 Suspension Method

X 60.44 inches Rear of Front Axle (63 +4 inches allowed)
Y: -0.18 inches Left - Right + of Vehicle Centerline
Z: 2875 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
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Table D.3. Exterior Crush Measurements for Test No. 612831-01-2.

Date: 2020-01-09 Test No.- 612831-01-2 VIN No. - 1C6RRBGT2ES477824
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 2 a
> 4 inches

Note: Measure C; to Ce 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 Cr = G G G Cs D
Number C-Measurements (CDC) Crush L#*
1 Front plane at bmpr ht 15 14 36 - - - - - - -18
2 Side plane at bmpr ht 15 15 58 - - - - - - +68

Measurements recorded

inches or Dmm

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

*Identify the plane at which the C-measurements are taken (e.g., at bumper, above bumper, at sill, above sill, at
beltline, ete.) 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).

i\ easure 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.4. Occupant Compartment Measurements for Test No. 612831-01-2.

Date: 2020-01-09  Test No - 612831-01-2 VIN No.- 1CBRREGT2ES 477824
Year: 2014 Make: RAM Model: 1500
OCCUPANT COMPARTMENT
~ T DEFORMATION IVIEASUREMI_ENT
. Before After Differ.
\ (inches)
/ E‘l Be E A1 65.00 65.00 0.00
. A2 63.00 63.00 0.00
nf ] 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 2600 2450 -1.50
co 0.00 0.00 0.00
c3 26.00 26.00 0.00
D1 11.00 11.00 0.00
D2 0.00 0.00 0.00
[ D3 11.50 11.50 0.00
o E1 58.50 58.50 0.00
T3 i e 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 | 37.50 37.50 0.00
Kickpanel to passenger’s side kickpanel. J* 5,00 5 00 0.00
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D2  SEQUENTIAL PHOTOGRAPHS

e

0.000 s

0.100 s

0.200 s

Figure D.1. Sequential Photographs for Test No. 612831-01-2 (Overhead and Frontal Views).
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0.400 s

0.500 s

0.600s o

Figure D.1. Sequential Photographs for Test No. 612831-01-2 (Overhead and Frontal Views)
(Continued).
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s

0.300's ~ 0.700s
Figure D.2. Sequential Photographs for Test No. 612831-01-2 (Rear View).
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Axes are vehicle-fixed.
Sequence for determining

orientation:
1. Yaw.
2. Pitch.
3.  Roll

1.2

Test Number: 612831-01-2
Test Standard Test Number: MASH Test 3-11

Test Article: Free-Standing F-Shape Barrier with Drainage Scuppers

Test Vehicle: 2014 RAM 1500 Pickup Truck
Inertial Mass: 5054 |b

Gross Mass: 5054 Ib

Impact Speed: 61.5 mi/h

Impact Angle: 24.8°

Figure D.3. Vehicle Angular Displacements for Test No. 612831-01-2.
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TO-TEBCTY ON dL
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Time of OIV (0.1745 sec) — SAE Class 60 Filter — 50-msec average

Figure D.4. Vehicle Longitudinal Accelerometer Trace for Test No. 612831-01-2
(Accelerometer Located at Center of Gravity).
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TO-TEBCTY ON dL
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Figure D.5. Vehicle Lateral Accelerometer Trace for Test No. 612831-01-2
(Accelerometer Located at Center of Gravity).
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Figure D.6. Vehicle Vertical Accelerometer Trace for Test No. 612831-01-2

(Accelerometer Located at Center of Gravity).
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APPENDIX E. MASH TEST 4-12 (CRASH TEST NO. 612831-01-3)

El

VEHICLE PROPERTIES AND INFORMATION

Table E.1. Vehicle Properties for Test No. 612831-01-3.

Date: 20191217 Test No.: 612831-01-3 VIN No.: SHAMMAANBCLG41700
Year: 2012 Make: INTERNATIONAL Model: 4300
Odometer: Tire Size Front: 275/80R22.5 Tire Size Rear: 275/80R22.5
- @ -
T U A4
( i - Q | 1
B N 1
T ) ] v &
x O — O B J | ::*::/_OQ:::::J[::::: :::::::::::::::::::_—|
=T 5.4 )
I 1 G BB O ‘c* L CC
| [ ! 4 T + + +
f— M —= b & J K N
ol —— oy —— o H -
&4 F E D
Vehicle Geometry: inches or [Jmm
A Front Bumper K Rear Bumper
Widtth: 92.50 Bottom: U Cab Length: 106.00
L Rear Frame V' Trailer/Box
B Overall Height: 145.50 Top: 38.00 Length: 214.00
M Front Track
C  Overall Length: 321.50 Width: 80.00  w GapWidth: 1.50
X Qverall Front
D Rear Overhang: 74.90 N Roof Width: 71.00 Height: 98.50
Y Roof-Hood
E Wheel Base: 207.00 O Hood Height: 28.90 Distance: 30.00
P Bumper Z Roof-Box Height
F  Front Overhang: 40.00 Extension: Difference: 47.00
Q FrontTire AA Rear Track
G C.G. Height: Width: 39.00 Width: 73.00
H C.G. Horizontal R Front Wheel BB Ballast Center of
Dist. w/Ballast: 126.77 Width: 23.50 Mass: 62.00
| Front Bumper Bottom Docr CC  Cargo Bed
Bottom: 18.25 Height: 37.00 Height: 20.00
J Front Bumper
Top: 3325 T Overall Width: 96.00
Allowable Range: C = 394 inches max.; E = 240 inches max.; CC =49 *2 inches; BB = 63 *2 inches above ground;
Wheel Center Wheel Well Bottom Frame
Height Front 19.00 Clearance (Front) 9.00 Height (Front) 25.50
Wheel Center 19.00 Wheel Well 350 Bottom Frame 57 50

Height Rear
More information needed on next page mmp
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Table E.1. Vehicle Properties for Test No. 612831-01-3 (Continued).

Date: 20181217 Test No.- 612831-01-3 VIN No.: 3HAMMAANSBCLE41700
WEIGHTS
([ib or [(Jkg) CURB TEST INERTIAL
Wfront axle 7290 8670
Whear axle 6650 13700
WioTaL 13940 22370
Allowable Range for CURB = 13,200 £2200 Ib | Allowable Range for TIM = 22,046 660 Ib
(as-needed)
Ballast: 8430 Ib orD kg) (See MASH Section 4.2.1.2 for recommended ballasting)
Mass Distribution
(b or Cke): LF: 4380 RF: 4290 LR: 6880 RR: 6820
Engine Type: DT Accelerometer Locations ([¢]inches or COmm )
x! z?
Engine Size: 466 y
Front:
Transmission Type:
Auto  or [ Manual Center: 126.70 0.00 49.50
1 Fwb RWD  _[] 4WD Rear:  218.70 0.00 49.50

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: Height 30 inches x Width 60 inches x Length 30"

Centered in middle of bed

62 inches from ground to center of block

Each block tied down with four 5/16-inch cables

Performed by:  SCD Date: 2019-12-17

! Referenced to the front axle
! Above ground
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E2 SEQUENTIAL PHOTOGRAPHS

0300 s EEEERES

Figure E.1. Sequential Photographs for Test No. 612831-01-3 (Overhead and Frontal Views).
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Figure E.1. Sequential Photographs for Test No. 612831-01-3 (Overhead and Frontal Views)
(Continued).
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0.000's 04005

0.200 s

0.300 s 0.700 s
Figure E.2. Sequential Photographs for Test No. 612831-01-3 (Rear View).
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Axes are vehicle-fixed.
Sequence for determining

orientation:
1. Yaw.
2. Pitch.
3.  Roll

1.0
Time (s)

15

2.0

Test Number: 612831-01-3

Inertial Mass: 22,370 Ib
Gross Mass: 22,370 1b

Impact Speed: 57.7 mi/h
Impact Angle: 16.7°

Test Standard Test Number: MASH Test 4-12
Test Article: Embedded Single-Slope Barrier with Drainage Scuppers
Test Vehicle: 2012 International 4300 Single Unit Truck

Figure E.3. Vehicle Angular Displacements for Test No. 612831-01-3.
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TO-TEBCTY ON dL
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rrrrrrrrrrrrr Time of OV (0.1808 sec) —— SAE Class 60 Filter — 50-msec average

2.0

Test Number: 612831-01-3

Test Standard Test Number: MASH Test 4-12

Test Article: Embedded Single-Slope Barrier with Drainage Scuppers
Test Vehicle: 2012 International 4300 Single Unit Truck

Inertial Mass: 22,370 Ib

Gross Mass: 22,370 1b

Impact Speed: 57.7 mi/h

Impact Angle: 16.7°

Figure E.4. Vehicle Longitudinal Accelerometer Trace for Test No. 612831-01-3
(Accelerometer Located at Center of Gravity).
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TO-TEBCTY ON dL
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Test Number: 612831-01-3

Inertial Mass: 22,370 Ib
Gross Mass: 22,370 1b

Impact Speed: 57.7 mi/h
Impact Angle: 16.7°

Test Standard Test Number: MASH Test 4-12
Test Article: Embedded Single-Slope Barrier with Drainage Scuppers
Test Vehicle: 2012 International 4300 Single Unit Truck

Figure E.5. Vehicle Lateral Accelerometer Trace for Test No. 612831-01-3

(Accelerometer Located at Center of Gravity).



TO-TEBCTY ON dL
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— SAE Class 60 Filter —— 50-msec average Test Number: 612831-01-3

Inertial Mass: 22,370 Ib
Gross Mass: 22,370 1b

Impact Speed: 57.7 mi/h
Impact Angle: 16.7°

Test Standard Test Number: MASH Test 4-12
Test Article: Embedded Single-Slope Barrier with Drainage Scuppers
Test Vehicle: 2012 International 4300 Single Unit Truck

Figure E.6. Vehicle Vertical Accelerometer Trace for Test No. 612831-01-3

(Accelerometer Located at Center of Gravity).
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