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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 State of Alaska
Department of Transportation and Public Facilities, North Dakota Department of Transportation,
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 being 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 State of
Alaska Department of Transportation and Public Facilities, 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 TTI LAB SHALL NOT BE LIABLE FOR ANY INDIRECT, CONSEQUENTIAL,
PUNITIVE, OR OTHER DAMAGES SUFFERED BY STATE OF ALASKA
DEPARTMENT OF TRANSPORTATION AND PUBLIC FACILITIES, NORTH
DAKOTA DEPARTMENT OF TRANSPORTATION, 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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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
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fl oz fluid ounces 29.57 milliliters mL
gal gallons 3.785 liters L
ft cubic feet 0.028 cubic meters m3
yd?3 cubic yards 0.765 cubic meters m?3
NOTE: volumes greater than 1000L shall be shown in m3
MASS
oz ounces 28.35 grams g
Ib pounds 0.454 kilograms kg
T short tons (2000 Ib) 0.907 megagrams (or metric ton”) Mg (or “t”)
TEMPERATURE (exact degrees)
°F Fahrenheit 5(F-32)/9 Celsius C

or (F-32)/1.8
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Ibf poundforce 4.45 newtons N
Ibf/in? poundforce per square inch 6.89 kilopascals kPa
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g grams 0.035 ounces oz
kg kilograms 2.202 pounds Ib
Mg (or “t”) megagrams (or “metric ton”) 1.103 short tons (2000Ib) T
TEMPERATURE (exact degrees)
°C Celsius 1.8C+32 Fahrenheit °F
FORCE and PRESSURE or STRESS
N newtons 0.225 poundforce Ibf
kPa kilopascals 0.145 poundforce per square inch Ib/in?

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

11 PROBLEM STATEMENT

The Federal Highway Administration/American Association of State Highway and
Transportation Officials (AASHTO) joint implementation date for all bridge railing designs to
meet the requirements of AASHTO Manual for Assessing Safety Hardware (MASH) is
December 31, 2019 (1,2). There is a need to re-evaluate commonly used bridge rails with
respect to the MASH requirements. The purpose of this project is to evaluate the Alaska 2-Tube
Bridge Rail and the Alaska Thrie-Beam Transition with respect to MASH requirements. This
bridge rail has been successfully crash tested to National Cooperative Highway Research
Program (NCHRP) Report 350 Test Level 4 (TL-4) specifications (3-6). A thrie-beam transition
and a W-beam transition were successfully tested to NCHRP Report 350 specifications for TL-4
and TL-3, respectively (7-10). Alaska DOT and several other northwestern states currently use
the Alaska 2-Tube Bridge Rail and the two transitions that are used in conjunction with the
Alaska 2-Tube Bridge Rail design. Some modifications and improvements (e.g., taller) were
made to the existing Alaska 2-Tube Bridge Rail to enable this design to meet the requirements
for MASH TL-4. The purpose of this project was to make design improvements as necessary for
the bridge rail and thrie-beam transition and evaluate the performance of these designs using full-
scale crash testing with respect to MASH guidelines for Test Level 4.

1.2 BACKGROUND

In May 1998, Texas A&M Transportation Institute contracted with Alaska Department of
Transportation to perform engineering analyses, design, and full-scale testing on the following:

1.) Alaska Multi-State (2-Tube) Bridge Rail.
2.) Alaska Multi-State Bridge Rail Thrie-Beam Transition.
3.) Alaska Multi-State W-Beam Transition.

Under that project (TTI Project No. 404311), TTI researchers performed engineering
analyses, developed engineering details, and performed full-scale crash testing on the Alaska
Multi-State (2-Tube) Bridge Rail. The bridge rail successfully met the performance
requirements of NCHRP Report 350 Test Level 4 (TL-4). As part of this current project, TTI
researchers also performed analyses, design, and full-scale testing for a new Alaska Multi-State
Bridge Rail Thrie-Beam Transition. This new thrie beam transition design will be tested with
respect to MASH TL-3 and is planned for later.

1.3 OBJECTIVE

For this project, TTI researchers evaluated the strength and performance of a new, taller
Alaska Multi-State 2-Tube Bridge Rail, herein after re-designated as the 2019 MASH 2-Tube
Bridge Rail, with respect to MASH, Second Edition 2016, specifications. TTI researchers
performed engineering analyses and developed engineering details for this design to meet the
performance requirements of MASH TL-4. TTI Proving Ground performed full-scale crash
testing on the final 2019 MASH 2-Tube Bridge Rail with respect to MASH TL-4.
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The purpose of the tests reported herein was to assess the performance of the 2019
MASH 2-Tube Bridge Rail according to the safety-performance evaluation guidelines included
in AASHTO MASH. The crash tests performed were in accordance with MASH TL-4, which
involves three full-scale crash tests on the 2019 MASH 2-Tube Bridge Rail.

This report provides details of the 2019 MASH 2-Tube Bridge Rail, detailed
documentation of the crash tests and results, and an assessment of the performance of the 2019
MASH 2-Tube Bridge Rail for MASH TL-4 evaluation criteria.
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Chapter 2. SYSTEM DETAILS

2.1. TEST ARTICLE AND INSTALLATION DETAILS

The concrete portion of the 2019 MASH 2-Tube Bridge Rail test installation was 154 ft
long, and consisted of a reinforced cantilevered deck and curb, with two 2-inch wide joints
extending through both the curb and the deck. The curb was 10 inches tall, with a 4-inch thick
lift of grout, yielding a 6-inch tall traffic side face. A 2-sack grout mix was used to simulate
asphalt which is typically used on the bridge applications. The curb was 18 inches wide at the
base, and 17 inches wide at the top, with the traffic side face sloping 1 inch toward the field side.
Anchor bolts were cast in the deck and extended through the curb.

Sixteen fabricated steel posts were longitudinally spaced on 10 feet centers, beginning at
24 inches from each end of the concrete curb. Two steel rectangular HSS rail elements spanned
the posts, and extended past them at each end of the installation. The top of the rails were
located 24 inches and 38 inches above grade (i.e. the grout on the concrete deck).

Figure 2.1 presents overall information on the 2019 MASH 2-Tube Bridge Rail, and
Figure 2.2 provides photographs of the installation. Appendix A provides further details of the
2019 MASH 2-Tube Bridge Rail.

2.2. MATERIAL SPECIFICATIONS

The specified minimum unconfined compressive strength of the concrete for the curb was
4000 psi and for the deck was 5000 psi. On December 10, 2018, the average compressive
strength of the concrete used in the curb was 5060 psi (at 42 days), and that in the deck was
5670 psi (at 44 days).

Appendix B provides material certification documents for the materials used to
install/construct the 2019 MASH 2-Tube Bridge Rail.
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Chapter 3. TEST REQUIREMENTS AND EVALUATION CRITERIA

3.1. CRASH TEST PERFORMED / MATRIX

According to MASH, three tests are recommended to evaluate longitudinal barriers to
TL-4, details of which are shown in Table 3.1

Table 3.1. Test Conditions and Evaluation Criteria Specified for MASH TL-4
Longitudinal Barriers.

- - Impact Evaluati
. est est Conditions valuation
Test Article Designation Vehicle Criteria
Speed Angle

4-10 1100C 62 mi/h 25° A D F H,I

Longitudinal 4-11 2270P 62mith | 25° A,D,F H,I
Barrier
4-12 10000S 56 mi/h 15° A D, G

MASH Tests 4-10 and 4-11 evaluate a barrier’s ability to successfully contain and redirect
passenger vehicles and evaluate occupant risk. MASH Test 4-12 evaluates the structural
adequacy of the bridge rail. All three tests were performed on the bridge rail.

The target critical impact point (CIP) for each test was determined in accordance with the
guidance provided in MASH Section 2.3.2 and MASH Table 2-7. For MASH Test 4-10, the target
CIP was 3.6 ft upstream of the centerline of post 13. The target CIP for MASH Test 4-11 was
4.3 ft upstream of the centerline of post 9. For MASH 4-12, the target CIP was 5.0 ft upstream of
the centerline of post 5.

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

3.2. EVALUATION CRITERIA

The appropriate safety evaluation criteria from MASH Table 2-2 and MASH Table 5-1
were used to evaluate the crash tests reported herein. The test conditions and evaluation criteria
required for MASH TL-4 tests are listed in Table 3.1, and the substance of the evaluation criteria
in Table 3.2. An evaluation of the crash test results is presented in detail under the section
Assessment of Test Results.
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Table 3.2. Evaluation Criteria Required for MASH TL-4 for Longitudinal Barriers.

Evaluation . L Test
Evaluation Criteria . .
Factors Designation

Test article should contain and redirect the vehicle or bring the

Structural vehicle to a controlled stop; the vehicle should not penetrate, 4-10, 4-11,

Adequacy underride, or override the installation although controlled lateral 4-12
deflection of the test article is acceptable.
Detached elements, fragments, or other debris from the test article
should not penetrate or show potential for penetrating the occupant
compartment, or present undue hazard to other traffic, pedestrians,
or personnel in a work zone. 4'121142'111
Deformations of, or intrusions into, the occupant compartment
should not exceed limits set forth in Section 5.2.2 and Appendix E
of MASH.

Occupant The vehicle should remain upright during and after collision. The 4-10. 4-11

Risk maximum roll and pitch angles are not to exceed 75 degrees. ’
It is preferable, although not essential, that the vehicle remain 4-12
upright during and after the collision.
Occupant impact velocities (O1V) should satisfy the following
limits: Preferred value of 30 ft/s, or maximum allowable value of 4-10, 4-11
40 ft/s.
The occupant ridedown accelerations should satisfy the following: 4-10. 4-11
Preferred value of 15.0 g, or maximum allowable value of 20.49 g. ’
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Chapter 4. TEST CONDITIONS

41. TEST FACILITY

The full-scale crash test 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 2019 MASH 2-Tube Bridge Rail 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.

42  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 (no sooner than 2 s after impact), after which
the brakes were activated, if needed, to bring the test vehicle to a safe and controlled stop.

43 DATA ACQUISITION SYSTEMS

4.3.1 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 values 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 as
well as 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 ENDEVCQO® 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 is 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 SAE Class 180 low-pass filters, 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).

4.3.2 Anthropomorphic Dummy Instrumentation

An Alderson Research Laboratories Hybrid 11, 50th percentile male anthropomorphic
dummy, restrained with lap and shoulder belts, was placed in the front seat on the impact side of
the 1100C vehicle. The dummy was not instrumented.

According to MASH, use of a dummy in the 2270P vehicle is optional. However, it is
recommended a dummy be used when testing “any longitudinal barrier with a height greater than
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or equal to 33 inches.” Use of the dummy in the 2270P vehicle is recommended for tall rails to
evaluate the “potential for an occupant to extend out of the vehicle and come into direct contact
with the test article.” Although this information is reported, it is not part of the impact
performance evaluation. Since the rail height of the 2019 MASH 2-Tube Bridge Rail was 38
inches, a dummy was placed in the front seat of the 2270P vehicle on the impact side and
restrained with lap and shoulder belts.

4.3.3 Photographic Instrumentation Data Processing

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

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

e One placed 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 each impacting vehicle was activated by a pressure-sensitive tape switch
to indicate the instant of contact with the 2019 MASH 2-Tube Bridge Rail. 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 5. MASH TEST 4-12 (CRASH TEST NO. 608331-01-1A)

5.1  TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS

MASH Test 4-12 involves a 10000S vehicle weighing 22,046 Ib £660 Ib impacting the
CIP of the bridge rail at an impact speed of 56 mi/h £2.5 mi/h, and an angle of 15° +1.5°. The
target CIP for MASH Test 4-12 on the 2019 MASH 2-Tube Bridge Rail was 5.0 ft £1 ft upstream
of the centerline of post 5.

The 2011 International 4300 single-unit truck used in the test weighed 22,050 Ib, and the
actual impact speed and angle were 57.4 mi/h and 15.5°, respectively. The actual impact point
was 4.6 ft upstream of the centerline of post 5. Minimum target impact severity (IS) was
142 kip-ft, and the actual IS was 173 kip-ft.

5.2  WEATHER CONDITIONS

The test was performed on the morning of December 10, 2018. Weather conditions at the
time of testing were as follows: wind speed: 4 mi/h; wind direction: 290° (vehicle was traveling
in a northwesterly direction); temperature: 48°F; relative humidity: 75 percent.

5.3  TEST VEHICLE

Figures 5.1 and 5.2 show the 2011 International 4300 single-unit truck used for the crash
test. The vehicle’s test inertia weight was 22,050 Ib, and its gross static weight was 22,050 Ib.
The height to the lower edge of the vehicle bumper was 19.0 inches, and height to the upper edge
of the bumper was 34.0 inches. The height to the center of gravity of the vehicle’s ballast was
61.25 inches. Tables C.1 in Appendix C1 give additional dimensions and information on the
vehicle. The vehicle was directed into the installation using the cable reverse tow and guidance
system, and was released to be freewheeling and unrestrained just prior to impact.

Figure 5.1. 2019 MASH 2-Tube Bridge Rail/Test Vehicle Geometrics for Test No. 608331-01-
1A.
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Figure 5.2. Test Vehicle before Test No. 608331-01-1A.

54  TEST DESCRIPTION

The test vehicle was traveling at an impact speed of 57.4 mi/h when it contacted the 2019
MASH 2-Tube Bridge Rail 4.6 ft upstream of the centerline of post 5, at an impact angle of
15.5°. Table 5.1 lists events that occurred during Test No. 608331-01-1A. Figures C.1 and C.2
in Appendix C2 present sequential photographs during the test.

Table 5.1. Events during Test No. 608331-01-1A.

TIME (s) | EVENTS
0.0000 | Vehicle contacts bridge rail
0.0820 | Vehicle begins to redirect
0.1140 | Right front tire lifts from pavement
0.2450 | Back left side of vehicle contacts barrier
0.3030 | Vehicle is parallel with barrier
1.0310 | Right front tire contacts pavement
1.5470 | Vehicle loses contact with bridge rail (out of view of high-speed camera)

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 the 10000S
vehicle). The test vehicle exited within the exit box criteria defined in MASH. After loss of
contact with the barrier, the vehicle came to rest 232 ft downstream of the impact and 7 ft toward
the field side of the installation.

9.5 DAMAGE TO TEST INSTALLATION

Figures 5.3 and 5.4 show the damage to the 2019 MASH 2-Tube Bridge Rail. The traffic
face of the bridge rail was scuffed with tire marks, and the lower rail element was gouged in the
impact area. The curb was cracked on the downstream side of post 5 and just upstream of post 5
(see Figure 5.4). Working width was 56.7 inches at a height of 136.8 inches. Maximum
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dynamic deflection during the test was 3.0 inches, and maximum permanent deformation was
2.0 inches.

Figure 5.3. Overall Damage to Alaska Bridge Rail after Test No. 608331-01-1A.

TR No. 608331-1A-2-3 15 2019-04-02



Figure 5.4. Impact Area after Test No. 608331-01-1A.

5.6 VEHICLE DAMAGE

Figure 5.5 shows the damage sustained by the vehicle. The front bumper, hood, left front
tire and rim, left front U-bolts, left battery box, left side steps, left door, left rear cab corner,
lower edge of box, and left rear outer tire and rim were damaged. Maximum exterior crush to
the vehicle was 12.0 inches in the front plane at the left front corner at bumper height.

Maximum occupant compartment deformation was 5.5 inches in the left front corner of the floor
pan. Figure 5.6 shows the interior of the vehicle.
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Figure 5.6. Interior of Test Vehicle after Test No. 608331-01-1A.

5.7 OCCUPANT RISK FACTORS

Occupant risk factors are not required for the test with the 10000S vehicle. Data from
the accelerometers, located at the vehicles longitudinal center of gravity, were digitized for
information purposes only and results are shown in Table 5.2. Figure 5.7 summarizes these
data and other pertinent information from the test. Figure C.3 in Appendix C3 shows the
vehicle angular displacements, and Figures C.4 through C.9 in Appendix C4 show
accelerations versus time traces.
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Table 5.2. Occupant Risk Factors for Test No. 608331-01-1A.

Occupant Risk Factor Value Time
Occupant Impact Velocity (O1V)
Longitudinal 6.2 ft/s at 0.2057 s on left side of interior
Lateral |12.1ft/s
Occupant Ridedown Accelerations
Longitudinal [3.0g 0.4539 - 0.4639 s
Lateral |6.8¢g 0.2695-0.2795s
. . 15.4 km/h . o
Theoretical Head Impact Velocity (THIV) 43 m/s at 0.1995 s on left side of interior
Post Head Deceleration (PHD) [6.9 ¢ 0.2695-0.2795 s
Acceleration Severity Index (ASI) ]0.43 0.1106 - 0.1606 s
Maximum 50-ms Moving Average
Longitudinal |-1.6¢ 0.0405 - 0.0905 s
Lateral (4.2¢g 0.2850 - 0.3350 s
Vertical |-4.1g 0.2966 - 0.3466 s
Maximum Roll, Pitch, and Yaw Angles
Roll |19° 0.4970s
Pitch |9° 2.0000 s
Yaw | 19° 0.5056 s
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Chapter 6. MASH TEST 4-11 (CRASH TEST NO. 608331-01-2)

6.1 TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS

MASH Test 4-11 involves a 2270P vehicle weighing 5000 Ib +110 Ib impacting the CIP
of the bridge rail at an impact speed of 62 mi/h £2.5 mi/h and an angle of 25° £1.5°. The target
CIP for MASH Test 4-11 on the 2019 MASH 2-Tube Bridge Rail was 4.3 £1 ft upstream of the
centerline of post 9.

The 2012 RAM 1500 pickup truck used in the test weighed 5019 Ib, and the actual
impact speed and angle were 62.9 mi/h and 24.9°, respectively. The actual impact point was
4.2 ft upstream of the centerline of post 9. Minimum target IS was 106 kip-ft, and the actual 1S
was 118 kip-ft.

6.2 WEATHER CONDITIONS

The test was performed on the morning of December 12, 2018. Weather conditions at the
time of testing were as follows: wind speed: 9 mi/h; wind direction: 165° (vehicle was traveling
in a northwesterly direction); temperature: 61°F; relative humidity: 87 percent.

6.3 TEST VEHICLE

Figures 6.1 and 6.2 show the 2012 RAM 1500 pickup truck used for the crash test. The
vehicle’s test inertia weight was 5019 Ib, and its gross static weight was 5184 Ib. The height to
the lower edge of the vehicle bumper was 11.75 inches, and height to the upper edge of the
bumper was 27.0 inches. The height to the vehicle’s center of gravity was 29.0 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 the cable reverse tow and guidance system,
and was released to be freewheeling and unrestrained just prior to impact.

N

Figure 6.1. 2019 MASH 2-Tube Bridge Rail/Test Vehicle Geometrics for Test No. 608331-01-
2.

TR No. 608331-1A-2-3 21 2019-04-02



Figure 6.2. Test Vehicle before Test No. 608331-01-2.

6.4 TEST DESCRIPTION

The test vehicle was traveling at an impact speed of 62.9 mi/h when it contacted the 2019
MASH 2-Tube Bridge Rail 4.2 ft upstream of the centerline of post 9 at an impact angle of 24.9°.
Table 6.1 lists events that occurred during Test No. 608331-01-2. Figures D.1 and D.2 in
Appendix D2 present sequential photographs during the test.

Table 6.1. Events during Test No. 608331-01-2.

TIME (s) | EVENTS
0.0000 | Vehicle contacts barrier
0.0180 | Lower metal rail element begins to deflect
0.0210 | Upper metal rail element begins to deflect
0.0220 | Vehicle begins to redirect
0.0290 | Crack forms on downstream side of post 9 radiating from front bolt
0.0340 | Bumper reaches post 9
0.0350 | Crack forms on downstream side of post 9 radiating from rear bolt
0.0370 | Crack forms on upstream side of post 9 radiating from rear bolt
0.0650 | Crack forms on upstream side of post 8 radiating from front bolt
0.1670 | Vehicle parallel with bridge rail
0.1720 | Rear of vehicle contacts bridge rail
0.2800 | Vehicle loses contact with bridge rail while traveling at 52.9 mi/h and
exit trajectory/heading of 8.7°/6.5°

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. After loss of
contact with the barrier, the vehicle came to rest 230 ft downstream of the impact with the nose
of the vehicle in line with the traffic face of the bridge rail.
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6.5 DAMAGE TO TEST INSTALLATION

Figures 6.3 and 6.4 show the damage to the 2019 MASH 2-Tube Bridge Rail. The metal
rail elements were scuffed with tire marks and cosmetic damage. The concrete around the curb
at post 8 was cracked. The concrete around post 9 was cracked and spalled off, revealing the
rebar on the field side of the curb and on the underside of the deck. Working width was
20.2 inches at the top of post 9. Maximum dynamic deflection during the test was 7.1 inches,
and maximum permanent deformation was 2.0 inches.
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Figure 6.4. Damage at Post 9 after Test No. 608331-01-2.

6.6 VEHICLE DAMAGE

Figure 6.5 shows the damage sustained by the vehicle. The front bumper, hood, grill, left
tire and rim, left upper and lower A-arms, left upper and lower ball joints, left tie rod end, left
front fender, left front and rear doors, left rear cab corner, left rear exterior bed, left rear rim, rear
bumper, and tailgate were damaged. The windshield sustained stress cracks radiating up and out
from the left lower corner. Maximum exterior crush to the vehicle was 11.0 inches in the side
plane at the left front corner at bumper height. Maximum occupant compartment deformation
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was 0.5 inch in the left front firewall area. Figure 6.6 shows the interior of the vehicle. Tables
D.3 and D.4 in Appendix D1 provide exterior crush and occupant compartment measurements.

Figure 6.5. Test Vehicle after Test No. 608331-01-2.

Figure 6.6. Interior of Test VVehicle for Test No. 608331-01-2.

6.7 OCCUPANT RISK FACTORS

Data from the accelerometer, located at the vehicle center of gravity, were digitized for
evaluation of occupant risk and results are shown in Table 6.2. Figure 6.7 summarizes these
data and other pertinent information from the test. Figure D.3 in Appendix D3 shows the
vehicle angular displacements, and Figures D.4 through D.9 in Appendix D4 show
accelerations versus time traces.

TR No. 608331-1A-2-3 25 2019-04-02



Table 6.2. Occupant Risk Factors for Test No. 608331-01-2.

Occupant Risk Factor Value Time
olv
Longitudinal 1 16.71t/s at 0.0957 s on left side of interior
Lateral | 29.5 ft/s
Occupant Ridedown Accelerations
Longitudinal |8.2g 0.1173-0.1273s
Lateral |13.6g 0.2099 - 0.2199 s
THIV 37.6 km/h at 0.0933 s on left side of interior
10.5 m/s
PHD |[136¢g 0.2099 - 0.2199s
ASI 221 0.0626 - 0.1126 s
Maximum 50-ms Moving Average
Longitudinal |-7.9¢ 0.0276 - 0.0776 s
Lateral |17.0g 0.0421-0.0921 s
Vertical |3.7¢g 0.0815-0.1315s
Maximum Roll, Pitch, and Yaw Angles
Roll |5° 0.3752s
Pitch |3° 0.4918 s
Yaw |33° 0.4177s
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General Information

Test AgeNnCY.......cceeevcevneenne Texas A&M Transportation Institute (TTI)
Test Standard Test No....... MASH Test 4-11
TTITest NO. ... ... 608331-01-2
TestDate..........ccveveviinene 2018-12-12

Test Article
TYPE oo Bridge Rail
Name......coocevieieec e 2019 MASH 2-Tube Bridge Rail
Installation Length.............. 154 ft

Two Steel Tubular Rail Elements on
Fabricated Steel Posts spaced at 10 ft
with 24-inch and 38-inch rail heights and
mounted to concrete curb Installed on
Reinforced Concrete Bridge Installed on
Soil Type and Condition ..... Deck, Damp

Material or Key Elements...

Test Vehicle
Type/Designation............... 2270P
Make and Model 2012 RAM 1500 Pickup
Curb...iiiiis ... 4902 1b
Test Inertial........ ... 50191b
Dummy.............. ... 1651b
Gross StatiC.......cccevcveeeeens 5184 Ib

Impact Conditions

Speed ....oveiiiiiiiee 62.9 mi/h
Angle .....ocooiiiiiiens .. 24.9°
Location/Orientation 4.2 ft upstream of
post 9
Impact Severity..........cccooc... 118 kip-ft
Exit Conditions
Speed ....oveiiiiiiiee 52.9 mi/h

Exit Trajectory/Heading...... 8.7°/6.5°
Occupant Risk Values

Longitudinal OIV ................ 16.7 ft/s
Lateral OIV.......cccoeevvvennne 29.5ft/s
Longitudinal Ridedown....... 8.2 g
Lateral Ridedown ..136¢
THIV .. ... 37.6 km/h
PHD... ..13.6¢g
ASliiiiiiiie e 221
Max. 0.050-s Average
Longitudinal ................... -79¢9
Lateral................ .17.09

Vertical 379

Post-Impact Trajectory

Stopping Distance..................... 230 ft downstream
Vehicle Stability

Maximum Yaw Angle ................ 33°

Maximum Pitch Angle ..

Maximum Roll Angle.................. 5°

Vehicle Snagging.........cccccvveene No

Vehicle Pocketing ............cccc.... No
Test Article Deflections

Dynamic.........ccoceiviiiiiiiieennn, 7.1 inches

Permanent.........ccccccoveveiiniinnne 2.0 inches

Working Width .... 20.2 inches

Height of Working Width ........... 38 inches, or Top
Vehicle Damage of post

VDS .

CDC e 11LFQ5

Max. Exterior Deformation......... 11FLEW4

OCDL..ciiiiiiiieeeee e 11.0 inches

Max. Occupant Compartment ~ LF0010000

Deformation.........ccccccceeveenen.
0.5inch

Figure 6.7. Summary of Results for MASH Test 4-11 on 2019 MASH 2-Tube Bridge Rail.







Chapter 7. MASH TEST 4-10 (CRASH TEST NO. 608331-01-3)

7.1  TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS

MASH Test 4-10 involves an 1100C vehicle weighing 2420 Ib £55 Ib impacting the CIP
of the 2019 MASH 2-Tube Bridge Rail at an impact speed of 62 mi/h £2.5 mi/h and an angle of
25° £1.5°. The target CIP for MASH Test 4-10 on the 2019 MASH 2-Tube Bridge Rail was
3.6 ft £1 ft upstream of the centerline of post 13.

The 2010 Kia Rio” used in the test weighed 2454 Ib, and the actual impact speed and
angle were 62.5 mi/h and 25.3°, respectively. The actual impact point was 3.5 ft upstream of the
centerline of post 13. Minimum target IS was 51 kip-ft, and the actual IS was 58 kip-ft.

7.2  WEATHER CONDITIONS

The test was performed on the morning of December 14, 2018. Weather conditions at the
time of testing were as follows: wind speed: 13 mi/h; wind direction: 309 degrees (vehicle was
traveling in a northwesterly direction); temperature: 46°F; relative humidity: 86 percent.

7.3  TEST VEHICLE

Figures 7.1 and 7.2 show the 2010 Kia Rio used for the crash test. The vehicle’s test
inertia weight was 2454 Ib, and its gross static weight was 2619 Ib. The height to the lower edge
of the vehicle bumper was 7.75 inches, and height to the upper edge of the bumper was
21.5 inches. Table E.1 in Appendix E1 gives additional dimensions and information on the
vehicle. The vehicle was directed into the installation using the cable reverse tow and guidance
system, and was released to be freewheeling and unrestrained just prior to impact.

Figure 7.1. 2019 MASH 2-Tube Bridge Rail/Test Vehicle Geometrics for Test No. 608331-01-
3.

* The 2010 model vehicle used is older than the 6-year age noted in MASH, and was selected based upon
availability. An older model vehicle is permitted by AASHTO as long as it is otherwise MASH compliant. Other
than the vehicle’s year model, this 2010 model vehicle met the MASH requirements.
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7.4  TEST DESCRIPTION

Figure 7.2. Test Vehicle before Test No. 608331-01-3.

The test vehicle was traveling at an impact speed of 62.5 mi/h when it contacted the 2019
MASH 2-Tube Bridge Rail 3.5 ft upstream of the centerline of post 13 at an impact angle of
25.3°. Table 7.1 lists events that occurred during Test No. 608331-01-3. Figures E.1 and E.2 in

Appendix E2 present sequential photographs during the test.

Table 7.1. Events during Test No. 608331-01-3.

TIME (s) | EVENTS

0.0000 | Vehicle impacts bridge rail

0.0160 | Metal rail element begins to deflect

0.0240 | Vehicle begins to redirect

0.0280 | Bumper reaches post 13

0.0840 | Dummy's head shatters left front door glass

0.1180 | Dummy's head at max extension out of vehicle, but no contact with rail

0.2190 | Vehicle parallel with bridge rail

0.2350 | Rear of vehicle contacts bridge rail

0.3130 | Vehicle loses contact with bridge rail while traveling at 45.3 mi/h and
exit trajectory/heading of 4.8°/6.0°

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. After loss of
contact with the barrier, the vehicle came to rest 140 ft downstream of the impact and 11 ft
toward the field side.

7.5 DAMAGE TO TEST INSTALLATION

Figure 7.3 and 7.4 show the damage to the 2019 MASH 2-Tube Bridge Rail. The metal
rail elements were scuffed with tire marks and cosmetic damage. The concrete around the base

TR No. 608331-1A-2-3

30

2019-04-02



of post 13 was broken through the curb on both sides of the post and extended to the bottom of
the deck. Working width was 8.5 inches at a height of 44.3 inches. Maximum dynamic
deflection during the test was 2.8 inches, and maximum permanent deformation was 1.0 inch.

Figure 7.3. 2019 MASH 2-Tube Bridge Rail after Test No. 608331-01-3.
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Figure 7.4. Damage at Post 13 after Test No. 608331-01-3.

7.6  VEHICLE DAMAGE

Figure 7.5 shows the damage sustained by the vehicle. The front bumper, hood, radiator
and support, left front fender, left front tire and rim, left front strut and tower, left A-post, roof,
left front door and window glass, left rear door, left rear quarter panel, and rear bumper were
damaged. The windshield sustained stress cracks radiating upward and outward from the left
lower corner. Maximum exterior crush to the vehicle was 11.0 inches in the side plane at the left
front corner at bumper height. Maximum occupant compartment deformation was 4.0 inches in
the left front firewall area. Figure 7.6 shows the interior of the vehicle. Tables E.2 and E.3 in
Appendix E1 provide exterior crush and occupant compartment measurements.
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7.7  OCCUPANT RISK FACTORS

Data from the accelerometer, located at the vehicle center of gravity, were digitized for
evaluation of occupant risk and results are shown in Table 7.2. Figure 7.7 summarizes these
data and other pertinent information from the test. Figure E.3 in Appendix E3 shows the
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vehicle angular displacements, and Figures E.4 through E.9 in Appendix E4 show
accelerations versus time traces.

Table 7.2. Occupant Risk Factors for Test No. 608331-01-3.

Occupant Risk Factor Value Time
ol
Longitudinal - 30.2ft/s at 0.0741 s on left side of interior
Lateral |30.8 ft/s
Occupant Ridedown Accelerations
Longitudinal |15.3¢g 0.1513-0.1613s
Lateral |[6.3¢ 0.1556 - 0.1656 s
THIV 46.9 km/h at 0.0723 s on left side of interior
13.0 m/s
PHD |16.4¢ 0.1512-0.1612 s
ASI |2.65 0.0459 - 0.0959 s
Maximum 50-ms Moving Average
Longitudinal |-17.3 ¢ 0.0256 - 0.0756 s
Lateral |18.4¢ 0.0166 - 0.0666 s
Vertical |-3.3g 0.0244 - 0.0744 s
Maximum Roll, Pitch, and Yaw Angles
Roll |5° 0.5011s
Pitch |5° 0.3087 s
Yaw |34° 0.4335s
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General Information Impact Conditions Post-Impact Trajectory
Test AgeNCY......occveevcevneenne Texas A&M Transportation Institute (TTI) Speed 62.5 mi/h Stopping Distance..................... 140 ft downstream
Test Standard Test No....... MASH Test 4-10 Angle ... 25.3° 11 ft twd field side
TTI TestNo. ......ceeeees ... 608331-01-3 Location/Orientation........... 3.5 ft upstream of Vehicle Stability
TestDate......cccevvvveiinneenne 2018-12-14 post 13 Maximum Yaw Angle ................ 34°
Test Article Impact Severity..........cccec... 58 kip-ft Maximum Pitch Angle ............... 5°
TYPE i Bridge Rail Exit Conditions Maximum Roll Angle.................. 5°
Name.......coeeevnee. . 2019 MASH 2-Tube Bridge Rail Speed ....oveiiiiiiiee 45.3 mi/h Vehicle Snagging..... . No

Installation Length
Material or Key Elements...

Soil Type and Condition .....

Test Vehicle
Type/Designation...............
Make and Model ...

DUMMY ..o

154 ft

Two Steel Tubular Rail Elements on
Fabricated Steel Posts spaced at 10 ft
with 24-inch and 38-inch rail heights and
mounted to concrete curb Installed on
Reinforced Concrete Bridge

Deck, Damp

1100C

... 2010 Kia Rio
. 2484 1b

2454 b
165 Ib
2619 Ib

Exit Trajectory/Heading...... 4.8°/6.0°
Occupant Risk Values

Longitudinal OIV ................ 30.2 ft/s
Lateral OIV.................. ...30.8 ft/s
Longitudinal Ridedown....... 15.3 g
Lateral Ridedown ..6.39
THIV o, ...46.9 km/h
PHD ..ooviiiiiicceeeee 16.4¢9g
ASliiiiiiiie e 2.65
Max. 0.050-s Average

Longitudinal ................... -17.3 g

Lateral.........ccocoveveiciiienns 1849

Vertical.........cooeevviveeinnnnn. -3.3¢9

Vehicle Pocketing ............cccc.... No
Test Article Deflections
Dynamic.........cccovveaiiieeeiieeaaen, 2.8 inches
Permanent......... ... 1.0inch
Working Width................. .... 8.5inches
Height of Working Width ........... 44.3 inches
Vehicle Damage
VDS . 11LFQ5
CDC...iieieeeeeee e 11FLEW4
Max. Exterior Deformation......... 11.0 inches
OCDl..ciiiiiiesircciee e LF0030000
Max. Occupant Compartment
Deformation.........ccccccceeveenen. 4.0 inches

Figure 7.7. Summary of Results for MASH Test 4-10 on 2019 MASH 2-Tube Bridge Rail.







Chapter 8. SUMMARY AND CONCLUSIONS

8.1  ASSESSMENT OF TEST RESULTS

The crash tests reported herein were performed in accordance with MASH TL4, which
involves three tests on the 2019 MASH 2-Tube Bridge Rail. An assessment of each test based
on the applicable safety evaluation criteria for MASH TL-4 for longitudinal barriers is provided
in Tables 8.1 through 8.3.

8.2  CONCLUSIONS

The 2019 MASH 2-Tube Bridge Rail performed acceptably for MASH TL-4 longitudinal
barriers, as shown in Table 8.4.
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Table 8.1. Performance Evaluation Summary for MASH Test 4-12 on 2019 MASH 2-Tube Bridge Rail.

Test Agency: Texas A&M Transportation Institute

Test No.: 608331-01-1A

Test Date: 2018-12-10

MASH Test 4-12 Evaluation Criteria Test Results Assessment
Structural Adequacy
A. Test article should contain and redirect the vehicle or | The 2019 MASH 2-Tube Bridge Rail contained
bring the vehicle to a controlled stop; the vehicle and redirected the 10000S vehicle. The vehicle
should not penetrate, underride, or override the did not penetrate, underride, or override the Pass
installation although controlled lateral deflection of installation. Maximum dynamic deflection of
the test article is acceptable. the metal rail elements during the test was 3.0
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 Pass
an undue hazard to other traffic, pedestrians, or present undue hazard to others in the area.
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 5.5 inches in the left front corner of the floor Pass
Section 5.2.2 and Appendix E of MASH. pan.
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.

Vehicle Trajectory

For redirective devices, it is preferable that the vehicle be
smoothly redirected and leave the barrier within the “exit
box” criteria (not less than 65.6 ft for the 10000S
vehicle), and should be documented.

The 10000S vehicle exited within the exit box
criteria.

Documentation
only
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Table 8.2. Performance Evaluation Summary for MASH Test 4-11 on 2019 MASH 2-Tube Bridge Rail.

Test Agency: Texas A&M Transportation Institute

Test No.: 608331-01-2

Test Date: 2018-12-12

MASH Test 4-11 Evaluation Criteria Test Results Assessment
Structural Adequacy
A. Test article should contain and redirect the vehicle or The 2019 MASH 2-Tube Bridge Rail contained
bring the vehicle to a controlled stop; the vehicle should | and redirected the 2270P vehicle. The vehicle did
not penetrate, underride, or override the installation not penetrate, underride, or override the Pass
although controlled lateral deflection of the test article is | installation. Maximum dynamic deflection of the
acceptable. metal rail elements during the test was 7.1 inches.
Occupant Risk
D. Detached elements, fragments, or other debris from the Some spalling of the concrete curb and deck on the
test article should not penetrate or show potential for field side occurred during the test; however, this
penetrating the occupant compartment, or present an debris did not penetrate or show potential for Pass
undue hazard to other traffic, pedestrians, or personnel penetrating the occupant compartment, or to
in a work zone. present undue hazard to others in the area.
Deformations of, or intrusions into, the occupant Maximum occupant compartment deformation was
compartment should not exceed limits set forth in Section | 0.5 inches in the left front firewall area. Pass
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 to | after the collision event. Maximum roll and pitch Pass
exceed 75 degrees. angles were 5° and 3°, respectively.
H. Occupant impact velocities (OIV) should satisfy the Maximum longitudinal OIV was 16.7 ft/s, and
following limits: Preferred value of 30 ft/s, or maximum | maximum lateral OIV was 29.5 ft/s Pass
allowable value of 40 ft/s.
I.  The occupant ridedown accelerations should satisfy the | Longitudinal occupant ridedown acceleration was
following limits: Preferred value of 15.0 g, or maximum | 8.2 g, and lateral occupant ridedown acceleration Pass

allowable value of 20.49 g.

was 13.6 ¢

Vehicle Trajectory

For redirective devices, it is preferable that the vehicle be
smoothly redirected and leave the barrier within the “exit
box” criteria (not less than 32.8 ft for the 1100C and
2270P vehicles), and should be documented.

The 2270P vehicle exited within the exit box
criteria.

Documentation
only
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Table 8.3. Performance Evaluation Summary for MASH Test 4-10 on 2019 MASH 2-Tube Bridge Rail.

Test Agency: Texas A&M Transportation Institute

Test No.: 608331-01-3

Test Date: 2018-12-14

MASH Test 4-10 Evaluation Criteria Test Results Assessment
Structural Adequacy
A. Test article should contain and redirect the vehicle or The 2019 MASH 2-Tube Bridge Rail contained
bring the vehicle to a controlled stop; the vehicle should | and redirected the 1100C vehicle. The vehicle did
not penetrate, underride, or override the installation not penetrate, underride, or override the Pass
although controlled lateral deflection of the test article is | installation. Maximum dynamic deflection of the
acceptable. metal rail elements during the test was 2.8 inches.
Occupant Risk
D. Detached elements, fragments, or other debris from the Slight spalling of the concrete deck occurred at
test article should not penetrate or show potential for post 13 during the test; however, this debris did not
penetrating the occupant compartment, or present an penetrate or show potential for penetrating the Pass
undue hazard to other traffic, pedestrians, or personnel occupant compartment, or to present undue hazard
in a work zone. to others in the area.
Deformations of, or intrusions into, the occupant Maximum occupant compartment deformation was
compartment should not exceed limits set forth in Section | 4.0 inches in the left front firewall area. Pass
5.2.2 and Appendix E of MASH.
F.  The vehicle should remain upright during and after The 1100C vehicle remained upright during and
collision. The maximum roll and pitch angles are not to | after the collision event. Maximum roll and pitch Pass
exceed 75 degrees. angles were 5° each.
H. Occupant impact velocities (OIV) should satisfy the Maximum longitudinal OIV was 30.2 ft/s, and
following limits: Preferred value of 30 ft/s, or maximum | maximum lateral OIV was 30.8 ft/s Pass
allowable value of 40 ft/s.
I.  The occupant ridedown accelerations should satisfy the | Longitudinal occupant ridedown acceleration was
following limits: Preferred value of 15.0 g, or maximum | 15.3 g, and lateral occupant ridedown acceleration Pass

allowable value of 20.49 g.

was 6.3 g

Vehicle Trajectory

For redirective devices, it is preferable that the vehicle be
smoothly redirected and leave the barrier within the “exit
box” criteria (not less than 32.8 ft for the 1100C and
2270P vehicles), and should be documented.

The 1100C vehicle exited within the exit box
criteria.

Documentation
only




Table 8.4. Assessment Summary for MASH TL-4 Tests
on 2019 MASH 2-Tube Bridge Rail.

Evaluation Evaluation Test No. Test No. Test No.
Factors Criteria 608331-01-3 608331-01-2 608331-01-1A
Structural
Adequacy A S S S
D S S S
F S S N/A
Occupant G N/A N/A S
Risk
H S S N/A
| S S N/A
Test No MASH Test MASH Test MASH Test
' 4-10 4-11 4-12
Pass/Fail Pass Pass Pass

S = Satisfactory
U = Unsatisfactory
N/A = Not Applicable
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Details, Elevation

see next sheet

T X 3
i > o o
o oY 3 =+
¢ > >/
siiﬁ:i:i\esirzzn ISP E s I
WIS 7,74 bo
7
Nss NN A
N /jg I J o
LG
/ru/g,/ 14-1/4" > ‘ Y (o
% 20" Section D-D
SIS Scale1:15
Working Slab T
/. . . ' ....... . . . . A . .'III. . . . . . AL . A . 1
722277777777 7707

. 12" —]

g 8'-0" >
2a. Concrete Strength is 5000psi for the Wall and Deck, 3000 s Texas AGM oh Rqadlsge Satfeter)_anq
psi for the Working Slab, and 4000 psi for the Curb. a L’g?;%ﬁﬂﬂm W'Cgroviﬁg”grgung"s'on -
2b. Chamfer Field Side edges of Deck, and field side and top - - -
edges of end of Curb 3/4" each way as shown. Project #608331 Alaska Bridge Rail 2018-05-14
Drawn by GES  Scale 1:250 Sheet 2 of 7 Details, Elevation

T:\1-ProjectFiles\608331- Alaska - Williams\Drafting, 608331 1-31608331 Drawing
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Hook Bar @ 6"

Bolt, 7/8 x 18" hex—

(tilted to maintain clearance; A449 N, e— Q" —t—— 4"
cut off leg as needed atend) ““

\ i

\\\ 4" 1
N\ Y ~—Cold Joint - Rake finish
Anchor Bar— ®1/2" Rebar—<=— e
B See 3a N\ (x2in Curb) ' Anchor Plate
° \_ see3d )
\ \ V" _~—Hoop Bar @ 18"
Grout used to \\/ | (see 3d)
sunulate Asphalt //2\

0" 5

G401 Bar @ 6"
@ 5/8" rebar @8"
Typ in top mat

®1/2" rebar @ 8"
Typ in bottom mat

#5 L-bar 20" x 24" @ 12" —See 3

L 2-1/4" evr

—

1" cvr

.
70

7, 7777

3a. Place the Anchor Bars @ maximum 18" spacing and secure to existing rebar
protruding from the runway with minimum 3" weld. (Existing rebar not shown here.)

3b. Minimum rebar lap is 24" for #4 bars and 30" for #5 bars.

3c. Place one mat of @1/2 (#4) bars in Working Slab @ 12" each way with =1-1/2"
cover at top. These bars are not shown here.

3d. Field bend traffic side longitudinal bar and turn Hoop Bars at ends of Curb to
maintain cover.

3e. The Anchor Bars will be bare steel, and the bars in the Working Slab may be
bare steel. All other bars shall be epoxy coated, and all bars are grade 60.

Drawn by GES

/_- ]I'exas Ang
rans, atron
o | Insmgge

n’

Section E-E
Scale 1:10

Roadside Safety and
Physical Security Division -
Proving Ground

Project #508331 Alaska Bridge Rail 2018-05-14
Scale 1:10 Sheet 3 of 7 Rebar Details

T:\1-ProjectFiles\608331- Alaska - Williams\Drafting, 608331 1-31608331 Drawing
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154'-0"

A

P}
-

4-1/2"

Detail F
Scale 1 : 50
Typ each end

Offset Hook Bars as needed Detail H
to avoid interference. Scale 1:20

4a. Concrete Strength is 5000psi for the Wall and Deck, 3000 psi for
the Working Slab, and 4000 psi for the Curb.

4b. Chamfer Field Side edges of Deck, and field side and top edges at
end of Curb 3/4" each way as shown.

4c¢. Rebar placement shown in Detail View at joint is typical each joint.
Adjust spacing and Hook Bar direction as needed at location shown.

Details, Plan

24" —Td—*i 100" Typ ————

I
e

18"

2"to ¢ T
Hoop Bar r

Detail G
Scale 1:20
Typ each Joint

T,
rans, ation
R inotichte

Roadside Safety and
Physical Security Division -
Proving Ground

Project #508331 Alaska Bridge Rail 2018-05-14

Drawn by GES  Scale 1:250

Sheet 4 of 7 Details, Plan

T:\1-ProjectFiles\608331- Alaska - Williams\Drafting, 608331 1-31608331 Drawing
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%" G401 Bar 42"

@3 Typ $3-3/4" Typ —,

L ~)
| TN

Y

A

- H1/2"

- 20" - - - - 13-3/4" —
A |/.. . : ,! — 4
N ?3-3/4"
N\ 337 17
25" @1/2"
t .

24 /
Anchor Bar b « 12 » ERROREPart Name
#5 L-bar
20" x 24" Hoop Bar
@ -

v U B5/8" -l e
= Texas A&M Roadside Safety and
A Transportation Physical Security Division -
Al |nstitute Proving Ground
Project #608331 Alaska Bridge Rail 2018-05-14

Drawn by GES | Scale 1:10 Sheet 5 of 7 Rebar

5a. All bent bars, and all longitudinal bars in the Curb, Deck and Wall shall be epoxy
coated. All bars are grade 60..

T:\1-ProjectFiles\608331- Alaska - Williams\Drafting, 608331 1-31608331 Drawing
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- 13" -
@1-1/8" Typ x 4
Anchor Plate
1o Post
l .. “—Plate, 12" x 1" x 13" \ h
ASTM A709 Grade 50 ‘ ‘
- o)) See Anchor Plate detail for hole locations H
5.'"16_/ -y ] (N}
Plan View )_L
Plate, 12" x 3/8" x 13" —
ASTM A709 Grade 50
Isometric View Isometric View
4" — -
o =
| o 0" _ N o
N O — o = T
ol Ne [ T 9
] N ) | /
i v 0'e [ )
| Wax24 10 O
! ASTM Am; Grade 5 172 3
| rade 50 /7\
i 10-172" Y \L/
o | of— Vi o T4
1 12" ..
Slot, 1" x 1-1/2" —* | B6" '
Typ x4 | Plan View
i ®15/16" Typ x 4
- \ ::|l29'1*’2" — ™
= Texas A&M Roadside Safety and
A Transportation Physical Security Division -
Elevation Views Al institute Proving Ground
Project #608331 Alaska Bridge Rail 2018-05-14
Drawn by GES | Scale 1:10 Sheet 6 of 7 Post and Anchor Plate

T:\1-ProjectFiles\608331- Alaska - Williams\Drafting, 608331 1-31608331 Drawing
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Field Side _H Rail
0.1 L
L - il i— ]
A4 A4
Plan View HSS 7" x 5" x 3/8"— HSS 6" x 4" x 1/2" x 20" —
s ) ASTM A500 Grade B ASTM A500 Grade B
- ~ ™
> [ S . o
— - @ W o A
e — -y o) >
\\_ \\\ G
—
[ - x ]
".
. . LG "\\
Elevation View
114

“:g-? =
= ©
(8] M~ [==]
<1 =1 -:F
= o1aner
Plate Washer \

Plate, 2" x 1/4" x 2 1/8"
ASTM A709 Grade 36

@3/4" x 2" Reduced Weld Base Stud
ASTM A108 Grade 1010

)

1 1A
1 i1

f J

___________________ X ¢

&==J

Section G-G
Scale 1:5

= Texas A&M Roadside Safety and
A Transportation Physical Security Division -
Al |nstitute Proving Ground

Project #508331 Alaska Bridge Rail 2018-05-14
Drawn by GES | Scale 1:30 Sheet 7 of 7 Rail and Plate Washer

™

Detail H
Scale 1:5

T:\1-ProjectFiles\608331- Alaska - Williams\Drafting, 608331 1-31608331 Drawing






APPENDIX B. SUPPORTING CERTIFICATION DOCUMENTS

P.0. BOX 2569
WAXAHACHIE, TX 75168-2568
(972)937-9841 FAX {972)937-3995

ELLIS-MCGINNIS CONSTRUCTION CO. Sin#: 1823300820
3100 STATE HWY 47, BLDG 7091 Load: A
BRYAN, TX 77807 Project: TX A&M TRANSPORTATION

ALASKA "TEST" BRIDGE
Control: 608331
County: BRAZOS

Gentlemen:

This is to certify that all reinforcing steel for the above project has been coated in accordance with the
TXDOT specifications item 440 and resin manufacturer's recommended specifications requirements.

Representative samples of the coated bars have been tested and the test results conform to the
specification requirements.

We further certify Nap Gard 7-2718 or LILLY/VALSPAR 720A008, Scotchkote 413 Fusion Bonded Epoxy
Powder from lot(s): 8496027182 was used
to coat reinforcing steel from heats listed below.

All bar is grade (420) 60 unless otherwise noted:

Bar Size Weight Heat #'s Mith....

Metric imperial Melric imperial {other than CMC)
(10) 3 0

(13) 4 1,080 | 2,404 6001205

(186} 5 1,685 3.494 3080435

(19) 8 0

(22) 7 0

(25) 8 0

(29) 9 0

(32 10 0

{3G) 11 0

#l. MG's: 2,675
{tl. LB's: 5,688 I

The steel listed was manufactured by CMC Steel, unless otherwise stated above under Mill and shipped
on Load A . We further certify that all manufacturing processes have occurred in the United

States of America. . /

L

SUBSCRIBED AND SWORN TO BEFORE ME, a Nota{y Public in and for said County and State,
on this the 28TH day of June 2018

¢
P

v’ [ J .\ == — P—JJ:WMMEZ

\i L j.A— 'p E / XE_&/ { 1 %1 |ocui sﬁ::el}c? S:Egégi%:m %

= o i Iy Commis xpit 3

‘““Notary Pubi:c‘Elhs Co., Texas i NG " ne 0 2008 |G
Gabriela Villegas

:‘%’«! Contracted Manufacturer of ERICO Lenton Form Saver
]
\g*’&.w =

TR No. 608331-1A-2-3 53 2019-04-02
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4 FE s CMC STEEL OKLAHOMA
5{ ;@ ﬁ%% 584 Old Highway 70
§ Durant OK 74701-0000

For additional copies

CERTIFIED MILL TEST REPORT

We hereby certify that the test results presented here

call

are accurate and conform to the reported grade specification

oy

lachb Selzer — TMC Steel

Quality Assurance Manager

FEAT NO.:6001205

8 | CMC COATING WAXAHACHIE 8 | CMC Coatings Waxahachie Delivery#: 82415724
SECTION: REBAR 13MM (ii4) 60'0" 420/60 (0] H BOL#: 72520380
CRADE: ASTM A615-16 Gr 420/60 L | 901 CANTRELL STREET I {901 Cantrell St CUST POs#:
FOLL. DATE: 06/13/2018 D | WAXAHACHIE TX P | Waxahachie TX CUST PIN:
R ELT DATE: 06/13/2018 US 75165-3120 Us 75165-3120 DLVRY LBS ! HEAT: 43204.000 LB
Cert. No.: 82415724 / 001205J265 T | 972-937-9841 T | 972 937 9841 DLVRY PCS /| HEAT: 1078 EA
] [u]
Characteristic  Value Characteristic Value Characteristic Value
c 0.26% Bend Test Diameter 1.750IN
Mn 0.97% Bend Test 1 Passed
P 0.011% Rebar Deformation Avg. Spaci  0,336IN
S 0.034% Rebar Deformation Avg. Heigh  0.029IN
Si 0.21% Rebar Deformation Max. Gap 0.102IN
Cu 0.26% Uniform Elongation 8.1%
cr 0.12%
Ni 0.11%
Mo 0.028%
v 0.005%
Sn 0.008%
Al 0.002% The Foliowing is true of the material represented by this MTR:
N 0.0121% “Matenial is fully killed
Carbon Eq A6 0.48% *100% melted and rofled in the USA
Yieid Strength fest 1 128.1ksi "EN10204:2004 3.1 compliant
Yieid Strength test 1 (metri 863MPa *Contains no weld repair
Tensile Strength test 1 141.0ksi *Cantains na Mercury cotitamination
Tensile Strength 1 (metric) g73MiPa *Manufactured in aceordance with the fatest version
EIougation test 1 11% of the plant qualify manual
Elongation Gage Lgth test 1 8N “‘Meels the "Buy America” requirements of 23 CFRE35 410

I 'MARKS :

07/24/2018 10:26:06
Page 1 OF 1
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We hereby certify that the test results presented here
FaRes CMC STEEL TEXAS CERTIFIED MILL. TEST REPORT are accurate and conform to the reported grade specification
gmmud 4 STEEL MILL DRIVE For additional copies call

i .
=17 SEGUIN TX 78155-7510 830-372-8771 e //
@ Py flonllr

TOMMY HEWITT

Quality Assurarice Manager

{EAT NO.:3080435 S | CMC COATING WAXAHACHIE S | CMC Coatings Waxahachie Deliveryi#: 82415821
JECTION: REBAR 16MM (#5) 600" 420/60 o] H BOL#: 72520539
SRADE: ASTM A615-16 Gr 420/60 L. [ 901 CANTRELL STREET } (901 Cantrell St CUST PO#:
10LL DATE: 05/26/2018 D | WAXAHACHIE TX P | Waxahachie TX CUST PIN:
AELT DATE: 05/24/2018 US 75165-3120 US 75165-3120 DLVRY LBS/ HEAT: 45060.000 LB
cert, No.: 82415821/ 080435A002 T 1 972-937-9841 T | 972 937 9841 DLVRY PCS/HEAT: 720 EA
Q o
Characteristic  Value Characteristic Value Characteristic Value
c 0.42%
Mn 0.75%
P 0.012%
S 0.053%
Si 0.18%
Cu 0.31%
Cr 0.16%
Mi 0.17%
Mo 0.079%
A 0.000%
Cb 0.001%
Sn 0.012% The Following Is true of the material represented by this MTR:
Al 0.002% *Material is hully killed
Yield Strength test 1 67.9ksi *100% meliad and roiled in the USA
Tensile Strength test1 = 103.4ksi *EN10204:2004 3.1 compliant
Elongation test 1 16% *Conlains no wald repair
Elongation Gage Lgth {est 1 8IN *Conlains no Mercury canlamination
Bend Test Diameter 2.188IN *Manufacturad in accordance with the latest version
Bend Test 1 Passed of tie plant quality manuat
“Mesals (he *Buy America™ raquirements of 23 CFRE35 410

EMARKS :

07/24/2018 10:18:58
Page 1 OF 1
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\Workbook ID

I'roduction Date

General Daily Information

20180620D1

Wednesday, June 20, 2018

Lines Running linel Line2 '® Lined # Lined @

1-4 Operator Hector PowderLot 8496027182
Bar Size 1-4 5 Expiration 11/8/2018
Lines Running Lines @ Line6 = Line7 ‘= Lineg -

5-& Operator Enrique Powderlot 8496027182
Bar Size 5-8 4 Expiration 11/8/2018

Shoernate Pewder Lot

Heat Numbers

14

1-4
14
5-8
5-8

Hea

Contaminants
# Bundles Checked 2

1

Su:face Defects

T2.1.3.2 Uncoated bars frae of oils, greases, paints and salts.

Bundles OK?

Qty of Noted Bars

# Bundles Checked 2 Bundles OK? Qty of Noted Bars
1
Line 1 Line 2 Line 3 Line &
Gr t Blast Equip:0K? 1% &~
Ba Transport Sys.? W) W
Chart Recarder Temp 67°  T5.1.3.2 Powder Storage Area.The 7-day
temperature recrader charts are kept in our

Compressor Temp 171 QC files each week. Temperature per

Al: rmSystem ¥

Checked for Dry Air

manufacturer specificatians.

Water Discharge ¥

Noted <1% 1]

72.1.3.3 Uncoated bars free of excessive slivars or detrimeantal defects,

Noted <1% 0

8]
Line 5 Line &

PreShipinspection
Stackinspection

Thickness Gauge
Calibration

Noted >1%

Noted >1%

Line 7

4:10
4:20

4:05

0 Time 4:25

0 Time

Line 8
vl
]

1:05

4:25

1:0%

InspectorName lose Bedolla
Shift day Times 4:00 AM  4:00 PM
Comments
i Mumber
6000845
6000850
6000551
6000348
6001205
6001204
Comments

Contaminants, Surface Defects
and treatment:

T3.3.3.1 Grit Blasting Machine, proper
equipment operation.
T7.1.3.1 Inspect Bar Transport System

T11.1.3.2 Inspect Coated Rehar Prior To Shipment for coating fractures, tears,

non-painted, ar uncoated areas.

T11.2.3.1 Inspact Stockpiles of Coated Bars Stored in Floor Stock for uncoated
areas, greases, excessive damage, etc.
T9.1.3.2 Calibrated Coating Thickness Gzuge at 7.35 mils SRM 13624,
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Bar Coating Times Bar Temperatures
Lir 2 Test tength Motor Blastto G | Quench  LnRate t Line Hi Lo IR Time R ima B IR Thma €
Time Speed Cot S Termp Temp Temp A Temn Temn
1-4 5:15 y 00 42Hz 00:35 07  00:33 0202 30F 1 450" 4325° 421° 5§35 418° 1:10
5-8 5:25 60 39Hz 0050 09 00:40 02:20 26 F 2 450° 425° 420° 5:25 421° 1:10
1-4 1:05 60 42Hz D035 07 00:33  02:02 30FR 3 450° 425° 4723°  5:25 417° 1-10
4 450" 425° q20° 5:25 420° 1:10
T7.1.3.2 Gel Time: 7s (min), powder claud to 1st roller. 5 450" 425 418" 535 )
T7.2.3.2 Quench Time: 285 min, powder cloud to water quench. & A50° 425° 420°  5:35
7 A50° 425° 421" 5135
8 450" 425° 419° 535
T4.1.3.1 3M Infrared Thermometer [IR16), set at .48 emissivity an hlack bar and averages 449°F. Crayons Melt at
A48°F,
PSi, KVs, Applicatian
Test A - Test B Abrasive Holiday
_ B Contamination Detectors
Line Time " Pressure  Electro- Spray Tima “ressure B Electro-  Spray Abrasiv  Abrasiv inline  Counters  ILCount HH Time
A A static A Apphc B static  Applic es: Qi es Detacto  In-Line Holiday Count
1 | a0l [ 99 psi_|[100 kv | ¥ 15 99 psi 100 kv % i 1 1 6:15
2 | 5:0] | 99 psi || 98 kv |M 115 99 psi 98 kv M %] ] M %] 1 0 6:15
3 | 540 | s9psi || s8kv|™ 1135 S9psi 9B kv ¥ M 1 1 6:15
s | 540 ["97psi || gakv i 1:15 99 psi 96 kv i bl 1 1 6:15
s | 540 [ Bopsi || 70kv M psi kv L M M M 1 1 6:25
6 | sao] [ 7spsi || 70kv M psi kv L Mo M 1 1 5:25
7 [sad] [ 20psi || 70kv]M psi kv [ & 1 1 6:25
8[540 [aspsi [0k [ psi kv O 4 M ¥ Lo 6:25
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T6..1.3.1 Pawder Air Sugply {Desiccant}
T6.2.3.1 Spray Application/Electrostatic SystemT3.3.3.2 O# Contamunation in Abrasives. T2,1.3.2 Chlorides in Abrasives.
T8.1.1, T8.1.3.1 In-Line Holiday Detecters and Counters Functioning Properly.
T8.1.3.2 Continuity of Coating. Comparison verficiation of holiday detectars.

Bend Test

Line

~N o B W N

8

Angle Pin

180
180
180
180
180
180
180
180

Dia

3.5
35
35
3.5
3
3
3
3

A
Time
5:15
5:15
5:15
5:15
515
5:15
5:15
5:315

A
Bar
Temp
74
74
74
74
75
75
75

75

A- Bend
Seconids

oW ow e

3

-

Passed

]

) B

A
Retast?

]

Lot

1
3

oo

.
Passed

fatest?
L
L
L

o Vo B Cn B Ror}
T S ¥
(G2 BN E L2 IS ]

[Fa}
S
(Ko

8:15
9:15
9:15

T10.1.3.2 Bend Test. Bar temperature less than 86"F. Perform a Bend Test on ALL Heat Numbers.

Bar Tests- (S, BC, Chlaride subform

Line

N T ¥ < . T =2 T ¥ o B = < B N i B R N

Time

TL

7:00
7:00
7:00
7:00
6:30
6:30
6:30
6:30

T2
11:00
11:00
11:00
11:00
10:30
10:30
10:30
10:30

Backside Contamination

11

T2
12%
10%
10%
10%
10%
10%

T3

%

0%

8- Bend
Seconds

[85) L (853 [S%) L (3] j55)

w

T4

-

Passed

8- B-

Retest?  Passad
Retest?

0O

g g

N

R

N

IR

(0

0 o

Profile Appearance

T1
5.5
5.5
55
5.5
5.5
5.5
55
5.5
5.5
5.5
5.5
5.5
5.5
55
5.5
5.5

T2
5.5
5.5
5.5
5.5
5.5
55
5.5
5.5
5.5
5.5
55
5.5
55
55
55
5.5

T3
55
5.5
5.5
55
55
55
5.5
5.5
5.5
5.5
5.5
55
55
55
55
5.5

T4
5.5
5.5
55
5.5
5.5
55
5.5
5.5
5.5
5.5
5.5
5.5
5.5
5.5
55
5.5

e Time

1:05
1:05
1:05
1:05

C- C-Bend -

Bar  Setonds

Temp
79
79
79
79
70
70
70
70

LW W W W

Color Appearance

Ti
ASP 10
ASP 10
ASP 10
ASP 10
ASP 10
ASP10
A 5P 10
ASP 10
ASP 10
ASP 10
ASP 10
ASP 10
ASP10
ASP 10
ASP 10
ASP 10

T2
ASP 10
ASP 10
ASP 10
ASP 10
ASP 10
ASP10
ASP10
ASP 10
ASP 10
ASP 10
ASP10
AS5P 10
ASP 10
ASP 10
ASP 10
ASP 10

B R A&

OO0z

ASP10
ASP10
ASP 10
A 5P 10
ASP 10
AS5P10
A 5P 10
A5P 1D
ASP10
ASP10
ASP10
ASP 10
ASP 10
ASP10
ASP10
ASP 10

Passed

C-
Relast?

(]

0 T O I O O O

T4
A 5P 10
ASP 10
ASP10
AS5P 10
ASP 10
ASP10
ASP10
ASP 10
ASP 10
ASP 10
ASP 10
ASP10
ASP 10
ASP10
ASP 10
ASP 10

C Passed
Retpst?

]

-

Ooooooon
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CMC Epoxy Coatings
Quality Control

Waxahachie, TX
75165
972-937-9841

901 Cantrell Street

Waorkbook 1D

2018061501

inspectorName Josue Justiniano
I'roduction Date Friday, June 15, 2018
Shift Day Times 4:00 AM  4:00 PM

General Daily Information

Heat Numbers Comments
Lines Running Linel Line2 Line3 Line4 Live Heal Number
1-« Operator Powderlot Hee

5-8 3080435
Bar Size 1-4 Expiration 5-8 3078306
Lines Running Lines @ Lineg & Line7 '® Line8
5-8 Operator Enrique Powderlot 8496027182
Bar Size 5-8 5 Expiration 11/8/2018
Al radte Powder Lot
Contaminants 72.1.3.2 Uncoated hars free of oils, greases, paints and saits. Comments

# Bundles Checked 1 Bundles OK? ] Qty of Noted Bars 0 Noted <1% 0 Noted >1% 0 Time 4:05
Contaminants, Surface Defects
2 1% 0 0 0 1:00 and treatment:
Su.face Defects T2.1.3.1 Uncoaterd bars free of excessive slivers or detrimental defects.
4 Bundles Checked 1 Bundles OK? Qty of Noted Bars 0 Noted <1% 4] Noted >1% g  Time 4:05
2 b 0 0 a 1:00
Line 2 Line3 Line 4 Line 5 Line 6 Line 7 tine 8 T3.3.3.1 Grit Blasting Machine, proper
R — - _, — equipment operation.
Grt Blast Equip:OK? [ [ (1 bel ¥ %3 ] T7.1.3.1 Inspect Bar Transport System
Ba Transport Sys.? i . ] - W Wi v} il
Chart Recorder Temp 6&°  T5.1.3.2 Powder Storage Area.The 7-day PreShiplnspection 4:30  T11.1.3.2 Inspect Coated Rebar Prior Ta Shipment for coating fractures, tears,
temperature recroder charts are kept in our non-painted, or uncoated areas.
Compressor Temp 173¢  Qc files each week. Temperature per Stockinspection 440 T11.2.31 Inspect Stockpiles of Coated Bars Stored in Floar Stock for uncoated
manufacturer spacifications. areas, greases, excessive damage, etr.
. T79.1.3.2 Calibrated Coating Thickness Gauga at 7.35 mils SRM 1362A.
. . N Thickness Gauge 4:00

Al: rmSystem ¥ Checked for Ory Air ¥ Water Discharge ¥ B

Calihratinn
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Bar Coating Times Bar Temperatures
Lir2 Test Length Motor Blastio  Gel Quench  LnRate t tine Hi Lo IR Time iR Time B S Tirne ©
Time Speed Coat S Temp Tern Temp A Temn Temi
5-3 4:05 60 38Hz 00:49 008 00:39 019 26F 5 463°  AgQ° 419°  4:10 420° 1:10
5-8 1:05 60 38Hz 00:49 68 00:39  02:19 26F 6 463" 450° 416°  4:10 418° 1:10 "
7 463° 4507 421°  4:10 422° 1:10 °
8 463% 4507 420° 4:10 420" 1:10 "
T7.1.3.2 Ge! Time: 7s {min), powder cloud to 1st roller. T4.1.3.1 3M infrared Thermometer {IR16), set at .48 emissivity on black bar and averages 449°F. Crayons Melt at
17.7.3.2 Quench Time: 285 min, powder cloud to water quench. A445°F,

P51, KVs, Application

Test A Test B Abrasive Holiday
Contamination Detectors
Loe Time ) Pressure  Electro-  Spray Tima Pressure B Electra- Spray Abrasiy  Abrasiv InLineg  Counters 1L Count M Time
A ) A static A Applic ) G Appiic ey Ol e Detacto in-Line Hotiday  Count
5 | aas) [ 85psi || 79kv 1115 sspsi 79k M vl ¥ Mo 2 1 6:10
6 | a1 [sopsi |[ 70kv]¥ 118 80psi 70KV 1 ! 6:10
: i ] 7 b
7 [aas] [ 10psi || sokv|M 115 10psi BOKkY M M ] 0 6:10
! IF 2 b
8 | a:1s] | psi 1] sakviM 115 psi 99kv M o v 1 1 6:10
76.1.3.1 Powder Air Supply {Desiccant)
T6.2.3.1 Spray Appiication/Electrostatic SystemT3.3.3.2 Oil Contamunation in /irasives. T3.3.3.2 Chlorides in Abrasives.
T8.1.1, 78.1.3.1 In-Line Holiday Detectors and Counters Functioning Properly.
T§.1.3.2 Continuity of Coating. Comparison verficiation of holiday detectors.
Bend Test
tine Angle Pin A- A A= Boend A A- A~ B Time I3 B eno . C-Time C- C-Bond (- - C- Passed
Dia . Time Bar  Seconds  Poused  Retesi? Passed Bar  Saconds fiassed Bar  Spconds  Passed  Relesl?  Retost?
Temp Retest? Temp fiplast? Temp
v 7 f ! ™
5 180 3.5 5:20 7% 3 ¥ O 01 a0 753 v O O 100 76 3 ¥ B
] e I ™
6 180 3.5 5:20 76 3 Mo O O go0 75 3 Mo O O 1o 76 3 ¥ O L
o - b =3l [
7 180 3.5 5:20 76 3 N I e R 75 3 M O DO 100 76 3 M O 0
8 180 35 5:20 76 3 L I - Fh) 75 3 A I B 76 3 Mo O

710.1.3.2 Bend Test. Bar temperature less than 86°F. Perform a Bend Test on ALL Heat Numbers.
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Baor Tests- €S, BC, Chloride subform

Time

Line T1

1 7:00

4 7:00

3 7:00

2 7:00

8 6:30

5 6:30

6 6:30

7 6:30

4

3

2

8

5

6

7

1

T3,1.3.2 Backside Contamination, use 3M-471 tape antd visual.
73.1.4.2 Blast Cleaning, use surface comparator and SSPC-VIS 1-89

Bar Tests- Copper Suifate and Chloride

T3.1.3.2 Copper Sulfate, use visual standard.
T3,1.3.2 Chlaride Test, use Chloride test strips.

T2
11:00
11:00
11:00
11:00
10:30
10:30
10:30
10:30

Backside Contamination

T1
10%
12%
10%

13%

T2

T3

T4

Profile Appearance

T
5.5
5.5

T2
55
5.5
5.5
5.5
5.5
5.5
5.5
5.5
5.5
55
5.5
5.5
5.5
55
5.5
55

ProfileReadings

T3
5.5
5.5
5.5
5.5
53
5.5
55
5.5
5.5
55
5.5
5.5
55
5.5
5.5
5.5

T4
5.5
5.5
2.5
5.5
55
55
55
5.5
5.5
5.5
5.5
5.5
5.5
55
5.5
55

Color Appearance

Tl
ASP 10
ASP 10
ASP10
ASP 10
ASP 10
ASP10
AS5P10
ASP 10
ASP 10
ASP10
ASP10
ASP 10
ASP 10
ASP 10
ASP 10
ASP10

T2
ASP 10
ASP 10
ASP 10
ASP 10
ASP 10
ASP 10
ASP 10
ASP 10
ASP10
ASP10
ASP 10
ASP 10
ASP10
ASP 10
ASP 10
ASP 10

T3.2.3.2 Perthometer: RMax/Peak/5-Factor

T3
ASP 10
ASP 10
ASP 10
ASP 10
ASP 10
ASP10
ASP 10
ASP 10
ASP 10
ASP 10
ASP10
ASP 10
ASP 10
ASP 10
ASP 10
ASP10

T4
ASP 10
ASP 10
ASP 10
ASP 10
ASP 1D
ASP 10
ASP 10
ASP 10
ASP 10
ASP 10
ASP 10
ASP 10
ASP 10
ASP 10
ASP 10
A 'SP 10
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f Transperlatlien

MATERIAL STATEMENT

SUPPLIER: Texas Corrugators-Austin Division, Inc. COUNTY:
ADDRIESS: 105 Tradesman Park Dr, PROJECT: TTI ALASKA RAITL
Hutto, TX 78634 CONTROL:
CONTRACT NUMBER: 512-388-0588 CONTRACTOR: ELLIS-MCGINNIS CONSTRUCTION
Purchase Quantity RIP Mill Name Heat # Material Required Dacumentation
Order # (Amit/Units) MATERIAL DESC TION Use Specification HTR Cert
3-1097 40L. . W8 X 241l BEAM NUCCR 487304 GALVANIZ | A709-50 X
ED STEEL
17.2 5Q. FT. 1" PLATE ARCELORMITTA | 174P79150 | RATL AT09-50 X
. BURNS
17.2 8Q. FT. 38" PLATE NUCOR BEP3406 GALVANIZ | A709-50 X
ED STEEL
233L.F. 6% X 4" X 4" RECT. TUBE SOUTHLAND 2801948 RAIL A500-13B/C | X
TUBE
3088 L. F, 5 X 7 X 38T RECT, TUBE INDEPENDENCE | C86773 GALVANIZ | A560B/C X
TUBE ED STEEL
n56L.F. A" X 2" FLAT NUCOR JWI1810748 | RAIL AIBIAS29-50 | X
0

This ig; to certify that the materials listed above and on the attached supplement (i sttached) are in conformance with the governing specification(s). This is alsa to certify that all manufacturing processes for stecl and iron
materials or for the application of coatings (epoxy, galvanizing, painting or any other coating that protects or enhances the value of the steel or ivor material) to these materials oceurred in the United States of America,
Manufacturing processes are defined as all processes required 1o change the raw ore or scrap metal into the fiaished n-place steel or iron praduct. The attached mill test reports (MTRS) and Certifications (Cert.) are offercd

a5 proof of domestic origin.

KAREM DUBGE
T Motary Pubdic, State of Taxus
G, Expires 10-04-2021
Hotary 1) 1103048

&L

Subscribed and sworn to before me

‘»«\./-'!/L_ -y . G .,
this /«/‘% )day of i\{/)/ 20 J 2{

I3

Y, —
Notary publio;f"’l(}éﬁﬁxﬂ’t Za?(/?/l’ o
jo 20 o

penmmpe————

My Caommission Expires:

T declare under penalty of perjury vnder the lnws of the United States of America and the Siale of
Texas, that the foregoing is true and correct and that 1 am anthorized to sign for the firm Histed

ahove.
— , .
e - Pl Lt
e — Frresss
Authorized Corporate Offictal Signature Date

Ryan J. Cole — Vice President

Tye Name and Tifc

Texas Corrngators-Austin Division, Inc.

(Firm Name)
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NUCOR-YAMATO STEEL CO.
P.0. BOX 1228 BLYTHEVILLE. AR T236

CENTIFED Ml TEST REPORT
100% Mofied and Manufactured in US.A
A1 Shapes producer by Moo Yamata Steal are cast and molfed te 3 My
Yiled and Fine grain praciics

date Ln1Ros08

% [KLOECKNER MEZALS CORPORATION 5 [KUOECHNER METALS CORP AUSTIN ig:; gg;’;‘ﬁi’;i;ﬁiﬁﬁmﬂﬂmi
Hlaeh TOIN-5S €30 {32 ;
¢ {502 COLOMIAL CENTER PIMIY L [FeuTHioora HASTV: AU ATOIV-15 ERSDS {3435) :
STE56D BUDA TXV6715-0367 {654 610,213 SONIE (AW ]
T IROSWELL GA 30076 a lusa ASTYE ASJAEN :
a =3 :
usa i i
wdechaEenl Paopartias Cheaical Proparkies
Temin Chargry ipact
— Sisitaforsense] S| Elongl: —
ferfd town exeriptian QY HEath | il o temp prpacEaciey Wor } o ol el s s lemjmfeaive| v | w]eE]mfren]a
el I ¥ | % | -F AT
[l
EREEE RS )
WIIXO2A T 36 7t ri ]
LD - am ! s6 7 e Y
2R oF {tmioT].027F 21 a5 1 at o3[ A0 .08 25 My os
! {waaonasse SN e | oA an
(1524 | ey
HOIN02D 5 F &
y jiokale 2} anw | 771 3¢ A wlmlaloel sl o]ule|ola]elots
FNUXIST B wr 378 436 )
11259 5 1 400
WeIX02%0 an n 5
it Ol g | 58 7 i | il nliwlnisielolo|s|olas
3 bmonasae apsamae | e |odox 07 o= e
{1218 a3 1 5
POIIB0 % @ | &
g i3t Ui 2 agnm | O 3 a ol ol almios! o] s|n2]ejs|oiowla]alu
WANOXILF a4.27 17l £73
[ £5.24 o 63 | emo

100 GATION DASED O £.00 INCH GAUGE LENGIR
Vuna oSN/ M« Cr 2088 500 Crf 200 nf 33 410 58] 8=A ppros . DGA5]
Earrosion Index= T5.0175Ce]+ 3 88(XNI-L 2RO LAS(HS P17, 28 P LT 2H S Cul (il
1, 10INMNIL [(H2)-32,.39{%Cu)o2

1503 9000157055 certitied {Replstratlon i 198507}

A mechiarotal besting {5 parioamed by 1e Guallty Jesting Lab, vhichis

gt ot the prosyelion

CARACH EQUIYALENT CE= CadinfE&+H{Gr Bim V5 RpLu) 15
Apercury bos norbeen usad Inzhe diect manefattuieg el this materiat
Tids i wjas #1n acoardorce with tha Jlucee-Yamam Swad fality Monual

PATCLE,

e Charpy mechine srviker geomatry Lsed by Huzac-Yamato Steat [5 sthe 2 mm (0.3157stelkes (V5! parASTVE ALTD Sectlon 22.1.2 pn2 150 1441 Sacdon 7.2,

1 hhefeby cxitity tharthe corsants of thls teportare aszutasa ond
correct. pH etk rosuks ard oparations pesfaoned by thls matertal

fortuser sredn Bange whth the ragus ol the
aleddal spraficadans and when dxdenated by the purchaser,
moet the apphcable specflcation:.

Thief thetallurgist

Loy Lot

Stz of Arkansas

Coumzy ai Mishilpp)

Sworn teend stheesien hefore e
P

¢
A,

T Thrah, P A
on 2018-05-03

14y comactedon eeglres on 027112023

£/ ZEPESE0L ~ SUTIeRID

POSiEY ~iEBH

SG6L6W - Od 18N
duf ‘suojeBnuloy sexay

L0 8L02-82-L0

.
.

Lo
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68LLPRE
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ArceiorMﬂml Bums Hasbor Plats

US HWYY 12 Buris Rasbor, bz

Q‘U’:EI:IT'I STEETL, KEL‘I‘ED &, mU'E’ACTURED IN TEE W. 8. A.
PLA‘Z‘ES ~ AASHTO M270- 15 GR. 50 XL FINE GRATIN
~ PRAC HO IMPACTS EEQUIRED TYPE 2,
ASTH AT709-134 'GR BO,. AS'I'M :A572-06

QUAUWMSLMCE
RE’OWEOFWWWYM . .
L Y02-28-18 | CUSTOMER TRUCK = T mAM
—— R Y T2 A [ I AFFRFC. ’ ]
FA?.‘", | HEAT. 1o L *rmamas [ wonioroR . |~ 1EHeTH I wasml Font | emer ReD.
‘ | INCHES INCHES _ INCHES POUNDS PST PSI IN % %

slwis SFI-GRAY STEEL

Lustamer Nams:

Cugtomer PQ

.i >= : GR 50, ASME SAS?Q ER 50 3013 Thizkmess: 4 SFFG % yomrt
| o e “ITION Heat & Shabs 174879150
2 MO MYILL SER'L%L# & PA’ITERN# HEST BROC OR' fE— 56003
i GHB‘ZO AA83% LIFl wAY 15 TON-SIZES & GRADRS gEP
'ﬂﬂ'l'.rDG ‘FORK l‘a'.'CF’I‘-SIDE FOR ULTIMATE DELIVERY
0§ 2308579 , ea 405-1212A : -
i+ o . 374P79150 11 86 240 6534 52600 84000 8 125
i 50500 83800 2 130 . .
'H54842801
174P79150 -1 1L 98 240 5534 52600 B4000 8 25
o . g0500 B3IBOO 2 30
HE4842802
174p79250 1 1 1] 240 6334 52600 84000 8 25
: 60500 83800 2 30
- H54842803 )
OUERCHTBGERATRE T T e ORI T T LATIRE
| BERIAL - |PAT|  HEAT, ITTY S g et e TEBT | ENERGE 4. LS "SHERTH) TAnee | HLLY
; : .| NUMSER. g | mcioiEss. Trvee] SRE (Dig ) = ATE ) -
| ases o | b " | xwceEs [T S 0 I 20 M M [0 O

G;Bd Lmuuu.m&

m-muusm ‘ 3] un{

.Pui s .= | mzi'm‘lﬁi“ﬁ'\'l‘ﬂ!”?"'-I'a’!' ]mlm__

1

_-Date:8/212018f‘Qu’s_tom’er:TEXA_S»__C_DRE_?_UG_ATQR_S?Abp.fN DIV, (EMAIL INV) - PO#:J-1007-1 ~PIN: .

1‘74979150 <18 . 23 .015 003 .285,025 .02 .03.006,056.003.028.0003 002 005 o2

TR

s uss?w STEEL

n umaywumm.mmmm ammmhm it by Aresdorbilial Bume b o 1 comparea i
‘ ‘ ”“":"?y’""* i et REW SMITH . ELJ
_ mmvr:m SUPY, QUALITY ASSURANGE
No. 608331-1A-2-3 65 2019-04-02
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We hereby certify that the test resuits presented here

,g’afg‘g\ CMC STEEL TEXAS CERTIFIED MILL TEST REPORT are accurate and conform to the reported grade specification
g&m%% 1 STEEL MILL DRIVE For additional copies call
-@Eﬂ SEGUIN TX 78155-7510 §30-372-8771 Z;u //4 ’
TOMMY HEWITT
Quality Assurance Manager
1EAT NO.:3680435 S | CMC COATING WAXAHACHIE S | CMC Coatings Waxahachie Deliverydt: 82415821
SECTION: REBAR 16MM (#5) 60'0" 420/60 0 H BOL#: 72520539
SRADE: ASTM AG615-16 Gr 420/60 L. | 991 CANTRELL STREET I (901 Cantreli St CUST PO#:
OLL DATE: 05/26/2018 D | WAXAHACHIE TX P | Waxahachie TX CUST PIN:
AELT DATE: 05/24/2018 US 75165-3120 Us 75165-3120 DLVRY LBS/ HEAT: 45060.000 LB
sert. No.: 82415821 / 080435A002 T | 972-937-9841 T | 972 937 3841 DLVRY PCS [/ HEAT: 720 EA
o o
Characteristic  Value Characteristic Value Characteristic Value
c 0.42%
Mn 0.75%
P 0.012%
S 0.053%
Si 0.18%
Cu 0.31%
Cr 0.16%
Ni 0.17%
Mo 0.079%
v 0.000%
Ch 0.001%
Sn 0.012% Tha Following Is true of tha materizl represented by this MTR:
Al 0.002% *Malerial is fully killod
Yield Strength test 1 67.9ksi *100% melied and roilod In the USA
Tensile Strength test 1 = 103.4ksi ‘EN1T0204:2004 3.1 compliant
Elongation test 1 16% *Coniaing no weld repair
Elongation Gage Lgth test 1 8iN *Contalns no Marcury conlamination
Bend Test Diameter 2.188IN *Manufacturad in accordance with the latest version
Bend Test 1 Passed of the plant quality manuat
*Mosls the "Buy America™ requiraments of 23 CFRE35 410

EMARKS :

07/24/2018 10:18:58
Page 1 OF 1



Hanasco

07-26-2018 9701 Load « 3704025 BL - 3847189 BLRAGS
Texas Corrugators, Inc Heat . 2801948

- Cusf_ PO - M.9185 Order-Line - 16259432 /8

3825 Richard Arrington, Jr., Bivd, M,

Eix s T Bimingra, Akt 35234

EORPERAIER Lab Fax (208) 4214561
o PELAES DU compacy Lab@BouthlandTuhe.com
TEST REPORT

Custorer Name:  KLOECKNER METALS CORPORATION
Gustermer PO No.: 7257248 Customer Part No: Te412RECTAS000576
Spec/Grade:  A500-13 Grade B/C Heat No.: 2801848
Description:  GARBON STEEL TUBING Print Date: 8/27/2018
Sizeflengtht §"X4° X120 48 Nominal Thickness:  0.500
Carbon (G): 0.2200 Tin (Sn): 0.0050 vanadium (V): 0.0050
Manganess {Mn): 0.8200 hiickel {Ni}: 0.0300 Columbium {Cbj: 0.0000
Fhosphorus {P) 0.0070 Chromium {Cr): 0.0300 Titaniem (Ti): 1.001G
Sulphur (8): 0.0020 Molybdenum (Mo):  0.0100 Boron (B): 0.0600
Siticon (8i)! 0.0200 Aluminum {Al); 0.024¢ Calglum (Caj: 2.0020
Copper (Cu): 0.1000 Nitrogen (N): 4.0050 Carbon Equiv. (CE):  0.3743

sLG1207 s/i201s 51,700 €8,700 36,63

We hareby certrfy that the above figures are correct as comtained In the records of this company.
Testing, where ii is performed, is performed accurdmg te applicable standards (Yield Strength
datermined using 0.2% offset method and Elongatien is measured over a 2" gauge length).
Finished goods that require destructive testing by either flattening or flaring to mest the
requirements of the standard to which they are certified have been destructively tested in
accordance with the perinent standard. Further, this certification is compliant with the
EN10204:2004 Standard for Type 3.1 inspeetion Documents. .

Ron Lowery

o
P
i

L
..,f?;ﬁ RS

ps it
Labarataty Manader Meltad & Manufactured in the U.S.A.
Southland TubBg Incorporated

ST Pickup No.: U3LB268 ST Order No.: 00462830 ST1 Hem No.: 4.0X6.050048

TR No. 608331-1A-2-3 67 2019-04-02



Hamasco

08-09.2618 0G0 . Load - 3114657 BL - 3847917 BLR4GE
Texas Corrugators, ing : Heat. CB6773
Cust, PO~ M-3195 Ordler-Line - 16359482/ 4
8226 WL 74 S1. winve, g dencetube.co
independenca Tube nidganianesibecom

o pamy Fn??t‘lﬁg:aozﬁgsu Certificate Mumbser: CHI 839719

Sold By: Plirchase Crdar No: 7887731

INDEPENDENCE TUBE CORPORATION Sales Drder Mo: CHI 288183 -1

BR28 W, 74th St BilF of Lading Not CHI 170642 - 2 Siipred: 832078

Ciiicago, IL 80838 Inveiee No: Invoiced:
Tel: 708-496-0380 . ’
Fax: 708-563-1950

Sald To: ' Shin You

1187 « KLOECKNER METALS CORP- HO/BU 2+ KLOECKNER METALS CORP BUDA
BOD COLDNIAL PARKWAY 2550 EOUTH LOOP 4

SUITE 500 BUDA, TX 78510

ROSWELL, GA 80078

CERTIFICATE of ANALYSIS and TESTS Certificats Mo GHI 838719
Customer Part No3 . . Tast Date: B/2/2018
TUBING A500 GRADE E(C) A - Total Pipces  Total Welght
TrAS XKV En : 18 9,234
Bundte Tag Ml Heat Specs Y/T Falio Fisves Weignt
23158 13N Casv7a Y LDwB483 1/ TEN=83326/EL5=32.78 0.944 7 4,040

23158 13N Cag773 YLD=864531/TEN=583Z6/ELG=32.79 0.9445 9 5,194

Wil #: 13N Hem ¥ OBB773 Carbon Eq 0.1625  Heat Sro Oripin: MELTED AND MAMUFACTURED IN THE USA

C [T wmn | P T 8 T & [ a T Qu [ ¢ 'y T VvV I N T N | Bn
{ 0.0808 | G.4100 | D.6080 | 0.0020 | 0.0200 | G.031G | 0.1300 | 0.0B0C | 0.0800 | 0.6010 | 0.6800 | 0.0140 | 0.0050 |
w1 & [ i [ &a

{ 0.0083 [ 0.0007 | 0.0020 | 0.0022 | _
LEED information {asad on tie most recant LEED information trom me producing milij

| Mathed ] Lezalion I Fecysled Coment | | PostCongumer | Postibdusiial
{EAR [Gheat, KY i 56.0%] 28.5%) 33.5%|
T/A FAX

Certliicatan:

| certify that the sbove resUlts are a true and correst copy of rosards prepared and mainteloed by independense Tube
Corporation, Sworn this day, 8/2/2018

WE PROUDLY MANUFACTURE ALL QUR PHODUGT IN THE USA,
INDEPENDENCE TUBE PRODUCT 1S MANUFACTURED, TESTED, ]
AND INGPECTED [N ACGORDANCE WITH ASTM STANUARDS,

MATERIAL IDENTIFIED AS AB00 GRADE B(C) MEETS BOTH

ASTM AS00 GRADE B AND AS00 GRADE C BPECIFICATIONS,

CURRENT STANDARDS: Chils Allen, ASQ CMQIQE
Azbz-10 Quaitty Systems Supervieor
ASQO/AS00M-18

AB13/ABI3M-15

ASTM ASHAS3IM-12 | ASME SA-B3/SA-530-13

ABST/ABATIM-14

A1085/A1085M-16

Page -1

TR No. 608331-1A-2-3 68 2019-04-02



Hamasco

| 09-06-2018 04;00 Load - 3134241 BL - 3B49492 BLR468§
Texas Corrugators, inc Heat- JW18107480
Cust PO - A-T426 Drder-Line 15409368 12
[ § W F ol Mill Certificatian *“-’Tgf-’z“@z%’%
8/15/2018 Jewoll m 75B4E

-44581

HUCOR CORPORATION }
Fau EQOG B25-62%0

NUGCOR BTEEL TEXAS

Sald To: KtDESlEgIE%ﬁE;ARLgK%?YRF Ship Ta: ;jzimgxg%?ﬁ%emhs
ROSWELL GA 50075 {512) 4748533
LA Bl e
Cuslamar P.O.| 7287940 Sales Order | 278a82.18
Produet Group | Merchant Bar Quality Part Mumbar| 5325020024004W1)
Grago | AIB/ASZIGREDCSALW/SIW tot# | JSWiBI0748001
Sire | 1M Flat Hest#t | JWIRIQ7480
Product | 1/4x2" Flal 20° A3G/AS2S.50/44VWIS500 B.L. Number | J1-832419
Desuiplion ] ABG/ASRS-S0M4W/AS0W Load Number | J1-423064
Cuslomer Spec : Cuslerhor Part 4 | MBM2EL [MAIE0240

L liesruhyy £0urdly 01 e 03t pnal R0 RIS [ haah Snubicanst o aneoidaptn wih 10 20eeseilinns Jm <2nams atns Anovn 2 Tt § Ashahos iy e

Roll Date: /14120128 Mol Dotes 8112008 Gy Shipped LAS: 5,103 iy Shipped Fez: 150

M ASS/ASSP 1’_‘ .—‘\_709!70’5?:1 HGF.ES ;{L' ME SA33-10 £4 11 Ag.

Mn P g 8i Cu Ni Gr ’ Mo v Ch

c
0.14% 0.84% 0.011%  0.025% 0.18% D.28% 2.17% Q17% 0.067%  0.0302%  0.002%
Yield 1: 57,400psi Tensile 1; 75,600ps! Elongalion: 26% in 8%% in 208.3mm)
Yield 2: 57,100psi Tensile 2: 7d,500psi Elgngation 27% 01 8% in 203.3mm}

Soadilicadion Somments: EHS THE REQUIREMENTS
EdO :"11 ) GHMW( D0WIEGRSOW(350W], AASHTO
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APPENIDX C. MASH TEST 4-12 (CRASH TEST NO. 608331-01-1A)

Cl VEHICLE PROPERTIES AND INFORMATION
Table C.1. Vehicle Properties for Test No. 608331-01-1A.
Date: 2018-12-10 Test No - 608331-01-1A VIN No. THOMMAANOBJ440340
Year 2011 Make: International Model: 4300
Odometer: 101136 Tire Size Front: 275/80R22.5 Tire Size Rear: 275/80R22.5
et C -
2 T o —~ u | |t v e
i ot Q el } )
N —m R .— [ al _t
— St /| o
B , * r E
X U= 3 pe==—r====cf=s=gsss==s===sss==s===dg
= .1 )
I 1 G BB O T L cC
] [ ! 4 / T * +
e b & J K
e Pt H -
Vehicle Geometry: inches or [Jmm
A Front Bumper K Rear Bumper
Widtth: 95.00 Bottom: U Cab Length: 106.00
L Rear Frame V' Trailer/Box
B Overall Height: 143 Top: 37.00 Length: 222.50
M Front Track
C Overall Length: 327.25 Width: 80.00  w GapWwidth: 1.75
X Overall Front
D Rear Overhang: 86.50 N  Roof Width: 71.00 Height: 98.50
Y Roof-Hood
E Wheel Base: 204.75 O Hood Height: 29.00 Distance: 30.00
P Bumper Z Roeof-Box Height
F  Front Overhang: 36.00 Extension: 1.00 Difference: 34.00
Q FrontTire AA Rear Track
G C.G. Height: Widtth: 39.00 Width: 73.00
H C.G. Horizontal R Front Wheel BB Ballast Center of
Dist. w/Ballast: 125.35 Width: 23.50 Mass: 61.25
| Front Bumper S Bottom Door CC  Cargo Bed
Bottom: 19.00 Height: 37.50 Height: 48.25
J Front Bumper
Top: 3400 T Overall Width: 96.00
Allowable Range: C = 394 inches max.; E = 240 inches max.; CC = 5112 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 Wheel Well Bottom Frame
Height Rear 19.00 Clearance (Rear) 3.20 Height (Rear) 27.00
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Table C.1. Vehicle Properties for Test No. 608331-1A (Continued).

Date: 2018-12-10 Test No - 608331-01-1A VIN No.- THEMMAANCOBJ440340
Year: 2011 Make: International Model- 4300
WEIGHTS
([71b or [Jka) CURB TEST INERTIAL
Wfront axle 7280 8550
Wrear axle 6720 13500
WroTaL 14000 22050

Allowable Range for CURB = 13,200 £2200 Ib | Allowable Range for TIM = 22,046 £660 Ib

(as-needed)

Ballast: 8090 {“Ib or[Jkg)  (see MASH Section 4.2.1.2 for recommended ballasting)
Mass Distribution
(b or Oke): LF: 4260 RF: 4290 LR: 7080 RR: 6420
Engine Type: MAXX FORCE DIESEL Accelerometer Locations ( []inches or |:|mm)
1 2
Engine Size: DT 466 X y z
Front:
Transmission Type:
Auto  or [ Manual Center: 12535 0.00 4800
L1 FD RWD  _[] 4wWD Rear: 22535 0.00 48.00

Describe any damage to the vehicle prior to test:

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

Block 1: Height 30 inches / Width 60 inches / Length 30 inches

Block 2: Height 30 inches / Width 60 inches / Length 30 inches

Blocks centered in middle of bed

61.25 inches center of load to ground

Four 5/16-inch cables per block

Performed by;  SCD Date: 2018-12-10

! Referenced to the front axle
! Above ground
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C2  SEQUENTIAL PHOTOGRAPHS

0.100s

Figure C.1. Sequential Photographs for Test No. 608331-01-1A (Overhead and Frontal Views).
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Figure C.1. Sequential Photographs for Test No. 608331-01-1A (Overhead and Frontal Views)
(Continued).
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0.300 s | 0.700 s
Figure C.2. Sequential Photographs for Test No. 608331-01-1A (Rear View).
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Angles (degrees)

Roll, Pitch, and Yaw Angles

20

10

0.5 1.0 1.5
Time (s)
— Roll —— Pitch Yaw Test Number: 608331-01-1A

Test Standard Test Number: MASH Test 4-12
Test Article: 2019 MASH 2-Tube Bridge Rail
Test Vehicle: 2011 International 4300

Inertial Mass: 22,050 Ib

Gross Mass: 22,050 Ib

Impact Speed: 57.4 mi/h

Impact Angle: 15.5°

Axes are vehicle-fixed.

Sequence for determining

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

Figure C.3. Vehicle Angular Displacements for Test No. 608331-01-1A.
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X Acceleration at CG
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Test Number: 608331-01-1A
Test Standard Test Number: MASH Test 4-12

Test Article: 2019 MASH 2-Tube Bridge Rail B
Test Vehicle: 2011 International 4300

Longitudinal Acceleration (g)

€8

Inertial Mass: 22,050 |b H
Gross Mass: 22,050 Ib
Impact Speed: 57.4 mi/h H

Impact Angle: 15.5°

0.5 1.0 15 2.0
Time (s)

rrrrrrrrrrrrr Time of OIV (0.2057 sec) —— SAE Class 60 Filter — S50-msec average
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Figure C.4. Vehicle Longitudinal Accelerometer Trace for Test No. 608331-01-1A
(Accelerometer Located at Center of Gravity).
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Lateral Acceleration (g)

Y Acceleration at CG

15 ‘
Test Number: 608331-01-1A
Test Standard Test Number: MASH Test 4-12
Test Article: 2019 MASH 2-Tube Bridge Rail
10 Test Vehicle: 2011 International 4300 ]
Inertial Mass: 22,050 |b
Gross Mass: 22,050 Ib
n ﬂ Impact Speed: 57.4 mi/h
5 Ll A Impact Angle: 15.5° ]
W W”
O' v |l| Vw ' ”V ey
-5
-10
0 0.5 1.0 1.5
Time (s)
""""""" Time of OIV (0.2057 sec) —— SAE Class 60 Filter — b50-msec average

Figure C.5. Vehicle Lateral Accelerometer Trace for Test No. 608331-01-1A
(Accelerometer Located at Center of Gravity).
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Vertical Acceleration (g)

30

Z Acceleration at CG

Test Number: 608331-01-1A
Test Standard Test Number: MASH Test 4-12
Test Article: 2019 MASH 2-Tube Bridge Rail

20

=
o

Test Vehicle: 2011 International 4300 I
Inertial Mass: 22,050 Ib
Gross Mass: 22,050 Ib

| . ﬂ Impact Speed: 57.4 mi/h |
Impact Angle: 15.5°

v ! ’ {
0 0.5 1.0 15 2.0
Time (s)
— SAE Class 60 Filter —— 50-msec average

Figure C.6. Vehicle Vertical Accelerometer Trace for Test No. 608331-01-1A
(Accelerometer Located at Center of Gravity).
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Longitudinal Acceleration (g)

X Acceleration Rear of CG

”M L,

P e G s I

'2 i v V VV UJ U

Test Number: 608331-01-1A

Test Standard Test Number: MASH Test 4-12
-4 | Test Article: 2019 MASH 2-Tube Bridge Rail

Test Vehicle: 2011 International 4300
Inertial Mass: 22,050 Ib

-6 Gross Mass: 22,050 Ib

Impact Speed: 57.4 mi/h

Impact Angle: 15.5°

- l
80 0.5 1.0 15

Time (s)

— SAE Class 60 Filter —— 50-msec average

Figure C.7. Vehicle Longitudinal Accelerometer Trace for Test No. 608331-01-1A
(Accelerometer Located Rear of Center of Gravity).
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Lateral Acceleration (g)

20

Y Acceleration Rear of CG

15

Test Number: 608331-01-1A
Test Standard Test Number: MASH Test 4-12

Test Article: 2019 MASH 2-Tube Bridge Rail
Test Vehicle: 2011 International 4300
Inertial Mass: 22,050 |b

Gross Mass: 22,050 Ib

=
o

Impact Speed: 57.4 mi/h
Impact Angle: 15.5°

0 0.5 1.0 15

Time (s)

— SAE Class 60 Filter —— 50-msec average

Figure C.8. Vehicle Lateral Accelerometer Trace for Test No. 608331-01-1A
(Accelerometer Located Rear of Center of Gravity).
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Vertical Acceleration (g)

Z Acceleration Rear of CG

40

g

opfecd Ty a LA

A
Test Number: 608331-01-1A

L
=]
3

Test Standard Test Number: MASH Test 4-12
Test Article: 2019 MASH 2-Tube Bridge Rail

Test Vehicle: 2011 International 4300
Inertial Mass: 22,050 Ib
Gross Mass: 22,050 Ib

Impact Speed: 57.4 mi/h
Impact Angle: 15.5°

0.5 1.0 15
Time (s)

— SAE Class 60 Filter —— 50-msec average

Figure C.9. Vehicle Vertical Accelerometer Trace for Test No. 608331-01-1A
(Accelerometer Located Rear of Center of Gravity).
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APPENIDX D. MASH TEST 4-11 (CRASH TEST NO. 608331-01-2)

D1  VEHICLE PROPERTIES AND INFORMATION
Table D.1. Vehicle Properties for Test No. 608331-01-2.

Date: 2018-12-12 Test No.: 608331-01-2 VIN No.: 1CBRDO6FTECS132574
Year: 2012 Make: RAM Model: 1500

Tire Size: 265/70R 17 Tire Inflation Pressure: 33 psi
Tread Type: Highway Odometer: 168353

Note any damage to the vehicle prior to test:  None

® Denotes accelerometer location.

NOTES: None I n T
A —H N T
Engine Type: V-8
Engine CID: 4.7 liter TRACK
Transmission Type: T TNERTIAL € 1
Auto or [l Manual M~ o)
FWD _IZ_ RWD J:L INWND R—
P /i ! I
Optional Equipment: 1 = r )
None T . _O/« B
7 t 7 C }
Dummy Data: y P @JL B de
Type: 50th Percentile Male U [ ALS
Mass: 165 Ib e H—» LG | ——
Seat Position: Driver Side E >
Y M ¥ M
Geometry: inches L C s
A 78.50 F 40.00 K 20.00 P 3.00 U 27.75
B 74.00 G 29.00 L 30.00 Q 30.50 v 30.50
C 227 .50 H 62 60 M 68.50 R 18.00 W 62.60
D 44.00 | 11.75 N 68.00 S 13.00 X 78.00
E 140.50 J 27.00 O 46.00 T 77.00
Wheel Center Wheel Well Bottom Frame
Height Front 14.75 Clearance (Front) 6.00 Height - Front 12.50
Wheel Center Wheel Well Bottom Frame
Height Rear 14.75 Clearance (Rear) 9.25 Height - Rear 22.50
RAMNGE LIMIT: A=78 £2 inches, C=237 +13inches; E=148 #12 inches; F=39+3 inches, G => 28inches; H =63 #4 inches: 0=43 +4 inches;, M+N/2=67 +1 .5 inches
GVWR Ratings: Mass: Ib Curb Test Inertial Gross Static
Front 3700 Mront 2869 2782 2867
Back 3900 Mrear 2033 2237 2317
Total 6700 Mrotal 4902 5019 5184

(Allowable Range for TIM and GSh = 5000 |b +110 Ib)
Mass Distribution:

Ib LF: 1396 RF: 1386 LR: 1132 RR: 1105
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Table D.2. Measurements of Vehicle Vertical CG for Test No. 608331-01-2.

Date: 2018-12-12 Test No.: 608331-01-2 VIN: 1CERDEFTSCS132574
Year: 2012 Make: RAM Model: 1500

Body Style: Quad Cab Mileage: 168353

Engine: 4.7 liter V-8 Transmission: Automatic

Fuel Level: Empty Ballast: 209 (440 Ib max)
Tire Pressure: Front: 35  psi Rear: 35 psi Size: 265/70R 17

Measured Vehicle Weights: (lb)

LF: 1396 RF: 1386 Front Axle: 2782
LR: 1132 RR: 1105 Rear Axle: 2237
Left: 2528 Right. 2491 Total: 5019

5000 £110 |b allowed

Wheel Base:  140.50 inches Track: F: 68.50 inches R: 68.00 inches
148 £12 inches allowed Track = (F+R)/2 = 67 1.5 inches allowed

Center of Gravity, SAE J874 Suspension Method

X 62.62 inches Rear of Front Axle (63 4 inches allowed)
Y: -0.25 inches Left - Right + of Vehicle Centerline
Z: 29.00 inches  Above Ground (minumum 28.0 inches allowed)
Hood Height: 46.00 inches Front Bumper Height: 27.00 inches

43 +4 inches allowed

Front Overhang: 40.00 inches Rear Bumper Height: 30.00 inches

39 3 inches allowed

Overall Length; 227.50 inches

237 £13 inches allowed
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Table D.3. Exterior Crush Measurements for Test No. 608331-01-2.

Date: 20181212 Test No.- 608331-01-2 VIN No.- 1C6RDBFT5CS132574

Year: 2012 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 Xz
A2

End shift at frame (CDC) Bowing constant
(check one) Y1+ X2
< 4 inches T N

> 4 inches

Note: Measure C; to Cs from Driver to Passenger Side in Front or Rear Impacts — Rear to Front in Side Impacts.
Direct Damage

Specific
Impact Plane™ of Width** Max Field ¢ © ¢ G s G =
Number C-Measurements {CDC) Crush L**
1 AT FT BUMPER 19 8 20 8 4 2 -- -- -- -27
2 ABOVE FT BUMPER 19 11 60 1 2 4 5] 2] 11 +75

Measurements recorded

inches or Dmm

ITable taken from National Accident Sampling System (INASS).

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

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

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

¥ 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.
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Table D.4. Occupant Compartment Measurements for Test No. 608331-01-2.

Date: 2018-12-12 Test No.- 608331-01-2 VIN No.- 1C6RDBFTSCS132574
Year: 2012 Make: RAM Model: 1500
OCCUPANT COMPARTMENT
= —T; e DEFORMATION IVIEASUREMI_ENT
F 7 Before After Differ.
\ (inches)

v f2 | E3 b4 A1 65.00 65.00 0.00
5 A2 63.00 63.00 0.00
H L = 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 25.50 -0.50
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
Bo = E1 58.50 58.50 0.00
T4 ‘ e E2 63.50 63.50 0.00
— Bl — E3 63.50 63.50 0.00
E4 63.50 63.50 0.00
— U — F 59.00 59.00 0.00
G 59.00 59.00 0.00
H 3750 37.50 0.00
*Lateral area across the cab from driver’s side | 37.50 37.50 0.00
kickpanel to passenger’s side kickpanel. g 5,00 5475 0.25
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D2  SEQUENTIAL PHOTOGRAPHS

0.000 s

0.050s

0.100 s

0.150 s

Figure D.1. Sequential Photographs for Test No. 608331-01-2 (Overhead and Frontal Views).
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0.200 s

0.250s

0.300 s

0.350s

Figure C.1. Sequential Photographs for Test No. 608331-01-2 (Overhead and Frontal Views)
(Continued).
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0.000 s 0.200 s

0.050 s 0.250 s

0.100 s

0.150s 0.350s
Figure D.2. Sequential Photographs for Test No. 608331-01-2 (Rear View).
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Angles (degrees)

Roll, Pitch, and Yaw Angles

40
30 ’
Test Number: 608331012 | —
Test Standard Test Number: MASH Test 4-11
20 Test Article: 2019 MASH 2-Tube Bridge Rail
Test Vehicle: 2012 RAM 1500 Pickup
Inertial Mass: 5019 Ib
Gross Mass: 5184 Ib
10 Impact Speed: 62.9 mi/h
Impact Angle: 24.9°
///./’ 777777777777777777777777777777777777 /F\
0 < S ——————— ——
-10
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
Time (s)
— Roll — Pitch — Yaw
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Figure D.3. Vehicle Angular Displacements for Test No. 608331-01-2.
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Figure D.4. Vehicle Longitudinal Accelerometer Trace for Test No. 608331-01-2

(Accelerometer Located at Center of Gravity).
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Figure D.5. Vehicle Lateral Accelerometer Trace for Test No. 608331-01-2
(Accelerometer Located at Center of Gravity).
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Figure D.6. Vehicle Vertical Accelerometer Trace for Test No. 608331-01-2

(Accelerometer Located at Center of Gravity).
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Figure D.7. Vehicle Longitudinal Accelerometer Trace for Test No. 608331-01-2
(Accelerometer Located Rear of Center of Gravity).
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Figure D.8. Vehicle Lateral Accelerometer Trace for Test No. 608331-01-2
(Accelerometer Located Rear of Center of Gravity).
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Figure D.9. Vehicle Vertical Accelerometer Trace for Test No. 608331-01-2
(Accelerometer Located Rear of Center of Gravity).
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APPENIDX E. MASH TEST 4-10 (CRASH TEST NO. 608331-01-3)

El VEHICLE PROPERTIES AND INFORMATION
Table E.1. Vehicle Properties for Test No. 608331-01-3.
Date: 2018-12-14 Test No.- 608331-01-3 VIN No KNADH4A3XAB680107
Year: 2010 Make: Kia Model: Rio
Tire Inflation Pressure: 32 psi Cdometer: 166024 Tire Size: 185/65R14
Describe any damage to the vehicle prior to test:  None
A
® Denotes accelerometer location.
NOTES: Mone !
Engine Type: 4 cylinder Y
Engine CID: 16L
Transmission Type:
1¥]. Auto or [ ] Manual
FWD RWD AND
Optional Equipment:
Dummy Data:
Type: 50th percentile male
Mass: 165 Ib
Seat Position: Driver Side
C
Geometry: inches
A 66.38 F 33.00 K 12.25 P 412 U 15.75
B 51.50 G L 25.25 Q 22.50 v 21.50
C 16575 H 3590 M 5775 R 15.50 W 35.90
D 34.00 I 775 N 57.70 S 8.25 X 108.00
E 98.75 J 21.50 O 28.25 T 66.20
Wheel Center Ht Front 11.00 Wheel Center Ht Rear 11.00 W-H 0.00
RAMNGE LIMIT: A =65 +3inches, C =168 +8inches;, E =98 +5inches, F =35 +4inches; G =39 +4 inches;, O =TOF OF RADIATOR SUPFORT Rd—dinshoss
M+N/2 =56 £2 inches; ¥W-H < 2 inches or use MASH Paragraph A4 .3.2
GVWR Ratings: Mass: Ib Curb Test Inertial Gross Static
Front 1718 Mront 1581 1560 1645
Back 1874 Mrear 903 894 974
Total 3638 Motal 2484 2454 2619
Allowable TIM = 2420 |b 55 b | Allowable GSM = 2585 1b £ 55 b
Mass Distribution:
b LF: 781 RF: 779 LR: 423 RR: 471
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Table E.2. Exterior Crush Measurements for Test No. 608331-01-3.

Date: 2018-12-14  Test No.. 608331-01-3 VN No.- KNADH4A3XA6680107

Year: 2010 Make: Kia Model: Rio

VEHICLE CRUSH MEASUREMENT SHEET!

Complete When Applicable
End Damage Side Damage

Undeformed end width Bowmg:B1 X1

Corner shift: Al B2 X2
A2

End shift at frame (CDC) Bowing constant
{check one) Y1+ X2
< 4 inches T B

> 4 inches

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

Direct Damage

Specific
Impact Plane™ of Width** Max et Field ¢ C2 G G ©s Cs D
Number C-Measurements {CDC) Crush L**
1 AT FT BUMPER 15 11 30 |1 7|54 2]1]+1
2 ABOVE FT BUMPER 15 10 44 1 4 6 8 ] 10 | +60

Measurements recorded

inches or Dmm

ITable taken from National Accident Sampling System (NASS).

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

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

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

#\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 E.3. Occupant Compartment Measurements for Test No. 608331-01-3.

Date: 2018-12-14  Test No.- 608331-01-3 VN No.- KNADH4A3XAG680107
Year: 2010 Make: Kia Model: Rio
= OCCUPANT COMPARTMENT
il [7 T H e\ P DEFORMATION MEASUREMENT
E ) Before  After Differ.
(inches)
It ¢ U Al 67.50 66.00 ~1.50
1 /SN AD 67.25 67.25 0.00
e A3 67.75 67.75 0.00
B1 40.50 39.50 -1.00
B2 39.00 39.00 0.00
B1,B2, B3, B4, B5, B6 B3 4050 40.50 0.00
j ' \ B4 36.25 36.25 0.00
R, &Az B5 36.00 36.00 0.00
1.0, 5 b3 &013 B6 36.25 36.25 0.00
@ )1 C1 26.00 22.00 -4.00
c2 0.00 0.00 0.00
c3 26.00 26.00 0.00
D1 9.50 9.00 -0.50
D2 0.00 0.00 0.00
I D3 9.50 9.50 0.00
E1 51.50 53.00 1.50
i EE?EQ i E2 51.00 52.50 1.50
F 51.00 51.00 0.00
7 G 51.00 50.50 -0.50
H 37.50 37.25 -0.25
| 37.50 37.50 0.00
*Lateral area across the cab from J* 51.00 49.50 -1.50

driver's side kick panel to passenger’s side kick panel.
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E2 SEQUENTIAL PHOTOGRAPHS

0.000 s

0.050s

0.100 s

0.150 s

Figure E.1. Sequential Photographs for Test No. 608331-01-3 (Overhead and Frontal Views).
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0.200 s

0.250s

0.300 s

0.350s

Figure E.1C.1. Sequential Photographs for Test No. 608331-01-3 (Overhead and Frontal
Views) (Continued).
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0.150s 0.350s
Figure E.2. Sequential Photographs for Test No. 608331-01-3 (Rear View).
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Figure E.3. Vehicle Angular Displacements for Test No. 608331-01-3.
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Figure E.4. Vehicle Longitudinal Accelerometer Trace for Test No. 608331-01-3
(Accelerometer Located at Center of Gravity).

1.6

v3

SNOILVd3 1300V AT1OIHIAN



€-¢-VT-TEEB09 ON H.L1

1y

¢0-¥0-6T0C

Lateral Acceleration (g)

Y Acceleration at CG

40

Test Number: 608331-01-3

30

20

Test Standard Test Number: MASH Test 4-10
Test Article: 2019 MASH 2-Tube Bridge Rail
Test Vehicle: 2010 Kia Rio

:jibg'

Inertial Mass: 2454 Ib
Gross Mass: 2619 Ib
Impact Speed: 62.5 mi/h

10 Impact Angle: 25.3° —
o —w™ i i e A R
-10 V
-20
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
Time (s)
""""""" Time of OIV (0.0741 sec) —— SAE Class 60 Filter — b50-msec average

Figure E.5. Vehicle Lateral Accelerometer Trace for Test No. 608331-01-3
(Accelerometer Located at Center of Gravity).
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Figure E.6. Vehicle Vertical Accelerometer Trace for Test No. 608331-01-3

(Accelerometer Located at Center of Gravity).
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Figure E.7. Vehicle Longitudinal Accelerometer Trace for Test No. 608331-01-3
(Accelerometer Located Rear of Center of Gravity).
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Figure E.8. Vehicle Lateral Accelerometer Trace for Test No. 608331-01-3
(Accelerometer Located Rear of Center of Gravity).
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Figure E.9. Vehicle Vertical Accelerometer Trace for Test No. 608331-01-3
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