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NOTICE

This document is disseminated under the sponsorship of the Wyoming Department of
Transportation (WYDOT) in the interest of information exchange. WYDOT assumes no liability
for the use of the information contained in this document. WYDOT does not endorse products
or manufacturers. Trademarks or manufacturers’ names appear in this report only because they
are considered essential to the objective of the document.

QUALITY ASSURANCE STATEMENT

WYDOT provides high-quality information to serve government, industry, and the public in a
manner that promotes public understanding. Standards and policies are used to ensure and
maximize the quality, objectivity, utility, and integrity of its information. WYDOT periodically
reviews quality issues and adjusts its programs and processes to ensure continuous quality
improvement.

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

The results reported herein apply only to the article tested. The full-scale crash test was
performed according to TTI Proving Ground quality procedures and according to the Manual for
Assessing Safety Hardware guidelines and standards.

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

THE TTI LAB SHALL NOT BE LIABLE FOR ANY INDIRECT, CONSEQUENTIAL,
PUNITIVE, OR OTHER DAMAGES SUFFERED BY WYDOT 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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in inches 254 millimeters mm
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mi miles 1.61 kilometers km
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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 m3
NOTE: volumes greater than 1000L shall be shown in m3
MASS
oz ounces 28.35 grams g
Ib pounds 0.454 kilograms kg
T short tons (2000 Ib) 0.907 megagrams (or metric ton”) Mg (or “t”)
TEMPERATURE (exact degrees)
°F Fahrenheit 5(F-32)/9 Celsius °C

or (F-32)/1.8
FORCE and PRESSURE or STRESS

Ibf poundforce 4.45 newtons N
Ibf/in? poundforce per square inch 6.89 kilopascals kPa
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mm millimeters 0.039 inches in
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mL milliliters 0.034 fluid ounces oz
L liters 0.264 gallons gal
m?3 cubic meters 35.314 cubic feet ft
m3 cubic meters 1.307 cubic yards yd?3
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g grams 0.035 ounces oz
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Mg (or “t”) megagrams (or “metric ton”) 1.103 short tons (2000Ib) T
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kPa kilopascals 0.145 poundforce per square inch Ib/in?

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

11 INTRODUCTION

The second edition of the Manual for Assessing Safety Hardware (MASH) was published by the
American Association of State Highway and Transportation Officials (AASHTO) in December
2016 (1). Concurrent with this publication, an agreement for the implementation of MASH was
jointly adopted by AASHTO and the Federal Highway Administration. The implementation
agreement established phased adoption of MASH-compliant roadside safety devices.

As the Wyoming Department of Transportation began to formulate a strategy for MASH
implementation, a MASH-compliant box beam guardrail system was identified as a priority. The
MASH test matrix for Test Level 3 (TL-3) longitudinal barriers consists of two tests: MASH Test
3-10 with a passenger car and MASH Test 3-11 with a pickup truck.

Under National Cooperative Highway Research Program (NCHRP) Project 22-14(03),
Evaluation of Existing Roadside Safety Hardware Using Update Criteria, the impact
performance of several commonly used nonproprietary roadside safety features was evaluated
using MASH criteria (2). One of the longitudinal barriers evaluated was the Wyoming box beam
shoulder barrier (also referred to as the G3 weak-post box-beam guardrail system). The
Wyoming box beam shoulder barrier performed acceptably for MASH Test 3-11 (2).

1.2 OBJECTIVE

The objective of this project was to complete the MASH evaluation of the Wyoming box beam
shoulder barrier by performing MASH Test 3-10. MASH Test 3-10 involves an 1100C vehicle
impacting the barrier at a target impact speed and impact angle of 62 mi/h and 25°, respectively.

This report provides details of the Wyoming box beam shoulder barrier, detailed documentation
of the crash test results, and an assessment of the performance of the Wyoming box beam
shoulder barrier for MASH Test 3-10 evaluation criteria. Additionally, the MASH compliance of
the Wyoming box beam shoulder barrier is discussed.

TR No. 610031-01-1 1 May 2019






CHAPTER 2. SYSTEM DETAILS

2.1. TEST ARTICLE AND INSTALLATION DETAILS

The test installation consisted of HSS 6x6x3/16—inch rail sections, supported by S3x5.7 posts
(with soil plates) spaced at 72 inches. The top of the rails were located 28 inches above grade for
the 186-ft length-of-need between posts 2 and 33. The rails sloped down at each end and were
anchored to concrete blocks embedded in the soil. The total rail length, measured from the center
of each of the anchor blocks, was 226 ft-10 inches.

Figure 2.1 presents overall information on the Wyoming box beam shoulder barrier, and
figure 2.2 provides photographs of the installation. Appendix A provides further details of the
Wyoming box beam shoulder barrier.

2.2. MATERIAL SPECIFICATIONS

Appendix B provides material certification documents for the materials used to install/construct
the Wyoming box beam shoulder barrier.

2.3. SOIL CONDITIONS

The test installation was installed in soil meeting grading B of AASHTO standard specification
M147-65(2004) “Materials for Aggregate and Soil Aggregate Subbase, Base and Surface
Courses.”

In accordance with Appendix B of MASH, soil strength was measured the day of the crash test.
During installation of the barrier for full-scale crash testing, two W6x16 posts were installed in
the immediate vicinity of the barrier utilizing the same fill materials and installation procedures
used in the test installation and a previous standard dynamic test. Figure C.1 in Appendix C
presents minimum soil strength properties established through the dynamic testing performed in
accordance with MASH Appendix B.

As determined by the tests summarized in Appendix C, Figure C.1, the minimum post loads
required for deflections at 5 inches, 10 inches, and 15 inches, measured at a height of 25 inches,
are 3940 Ib, 5500 Ib, and 6540 Ib, respectively (90 percent of static load for the initial standard
installation). On the day of the test, January 11, 2019, loads on the post at deflections of 5 inches,
10 inches, and 15 inches were 7272 Ibf, 7626 Ibf, and 7424 Ibf, respectively. Figure C.2 in
Appendix C shows that the strength of the backfill material in which the barrier was installed met
minimum MASH requirements.

TR No. 610031-01-1 3 May 2019
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Figure 2.1. Details of the Wyoming Box Beam Shoulder Barrier.
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Figure 2.2. Wyoming Box Beam Shoulder Barrier prior to Testing.
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CHAPTER 3. TEST REQUIREMENTS AND EVALUATION CRITERIA

3.1. CRASH TEST PERFORMED/MATRIX

Table 3-1 shows the test conditions and evaluation criteria for MASH TL-3 for longitudinal
barriers. MASH Test 3-11 on the Wyoming box beam shoulder barrier was performed under
NCHRP Project 22-14(03) (2). MASH Test 3-10 involves an 1100C vehicle weighing 2420 Ib
155 Ib impacting the critical impact point (CIP) of the barrier at a speed of 62 mi/h £2.5 mi/h and
an angle of 25° £1.5°. Using the information provided in MASH Section 2.2.1, MASH Section
2.3.2, and MASH Figure 2-1, the target CIP was determined to be 10 ft-3 inches upstream of the
centerline of the rail splice between posts 14 and 15.

Table 3-1. Test Conditions and Evaluation Criteria Specified for MASH TL-3
Longitudinal Barriers.

Test Article Test Test Impact Impact Evaluation
Designation Vehicle Condition: Condition: Criteria
Speed Angle
Longitudinal barrier 3-10 1100C 62 mi/h 25° A D, F H,I
Longitudinal barrier 3-11 2270P 62 mi/h 25° A D, F H,I

The crash test 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 Tables 2-2 and 5-1 of MASH were used to
evaluate the crash test reported herein. The test conditions and evaluation criteria required for
MASH Test 3-10 are listed in Table 3-1, and the substance of the evaluation criteria are listed in
Table 3-2. An evaluation of the crash test results is presented in detail under the Section 6.1,
“Assessment of Test Results.”

TR No. 610031-01-1
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Table 3-2. Evaluation Criteria Required for MASH Test 3-10 for Longitudinal

Barriers.
Evaluation Evaluation Criteria
Factors

Structural . Test article should contain and redirect the vehicle or bring the vehicle to a

adequacy controlled stop; the vehicle should not penetrate, underride, or override the
installation although controlled lateral deflection of the test article is acceptable.

Occupant . Detached elements, fragments, or other debris from the test article should not

risk penetrate or show potential for penetrating the occupant compartment, or present
undue hazard to other traffic, pedestrians, or personnel in a work zone.
Deformations of, or intrusions into, the occupant compartment should not exceed
limits set forth in Section 5.2.2 and Appendix E of MASH.

Occupant . The vehicle should remain upright during and after collision. The maximum roll

risk and pitch angles are not to exceed 75 degrees.

Occupant . Occupant impact velocities (OIV) should satisfy the following limits: preferred

risk value of 30 ft/s, or maximum allowable value of 40 ft/s.

Occupant The occupant ridedown accelerations should satisfy the following: preferred value

risk of 15.0 g, or maximum allowable value of 20.49 g.

TR No. 610031-01-1 8 May 2019




CHAPTER 4. TEST CONDITIONS

41. TEST FACILITY

The full-scale crash test reported herein was performed at the 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
test was 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 Wyoming box beam shoulder barrier was along the edge of an
out-of-service apron. The apron consists of an unreinforced jointed-concrete pavement in
12.5x15-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

The 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, passed
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

The test vehicle was instrumented with a self-contained, onboard data acquisition system. The
signal conditioning and acquisition system is a 16-channel, Tiny Data Acquisition System
(TDAS) Pro produced by Diversified Technical Systems, Inc. The accelerometers, which
measure the X, y, and z axes 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
and initiates the recording process. After each test, the data are downloaded from the TDAS Pro
unit into a laptop computer at the test site. The Test Risk Assessment Program (TRAP) software
then processes the raw data to produce detailed reports of the test results.

Each of the TDAS Pro units is returned to the factory annually for complete recalibration, and all
instrumentation used in the vehicle conforms to all specifications outlined by SAE J211. All
accelerometers are calibrated annually by means of an ENDEVCO® 2901, precision primary
vibration standard. This standard and its support instruments are checked annually and receive a
National Institute of Standards Technology (NIST) traceable calibration. The rate transducers
used in the data acquisition system receive a calibration via a Genisco Rate-of-Turn table. The
subsystems of each data channel are also evaluated annually, using instruments with current
NIST traceability, and the results are factored into the accuracy of the total data channel, per
SAE J211. Calibrations and evaluations are also made any time data are suspect. Acceleration
data are measured with an expanded uncertainty of £1.7 percent at a confidence factor of

95 percent (k=2).

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

TRAP uses the data from the yaw, pitch, and roll rate transducers to compute angular
displacement in degrees at 0.0001-s intervals, and then plots yaw, pitch, and roll versus time.
These displacements are in reference to the vehicle-fixed coordinate system with the initial
position and orientation of the vehicle-fixed coordinate systems being initial impact. Rate of
rotation data are 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 I1, 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.

4.3.3 Photographic Instrumentation Data Processing

Photographic coverage of the 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;
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e One placed behind the installation at an angle; and

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

A flashbulb on the impacting vehicle was activated by a pressure-sensitive tape switch to
indicate the instant of contact with the Wyoming box beam shoulder barrier. The flashbulb was
visible from each camera. The video files from these digital high-speed cameras were analyzed
to observe phenomena occurring during the collision and to obtain time-event, displacement, and
angular data. A digital camera recorded and documented the conditions of each test vehicle and
the installation before and after the test.
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CHAPTER 5. MASH TEST 3-10 (CRASH TEST NO. 610031-01-1)

5.1 TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS

MASH Test 3-10 involves an 1100C vehicle, weighing 2420 Ib £55 Ib, impacting the CIP of the
barrier at an impact speed of 62 mi/h £2.5 mi/h and at an angle of 25° +1.5°. The target CIP for
MASH Test 3-10 on the Wyoming box beam shoulder barrier was 10 ft-3 inches +1 ft upstream
of the centerline of the rail splice between posts 14 and 15.

The 2009 Kia Rio” used in the test weighed 2441 Ib, and the actual impact speed and angle were
63.9 mi/h and 24.6°, respectively. The actual impact point was 9 ft-9 inches upstream of the
centerline of the rail splice between posts 14 and 15. Minimum target impact severity (IS) was
51 Kkip-ft, and actual 1S was 58 kip-ft.

5.2 WEATHER CONDITIONS

The test was performed on the morning of January 11, 2019. Weather conditions at the time of
testing were as follows:

e Wind speed: 8 mi/h;
e Wind direction: 139° (vehicle was traveling in a southwesterly direction);
e Temperature: 59°F; and

e Relative humidity: 68 percent.

5.3  TEST VEHICLE

Figure 5.1 and Figure 5.2 show the 2009 Kia Rio used for the crash test. The vehicle’s test inertia
weight was 2441 Ib, and its gross static weight was 2606 Ib. The height to the lower edge of the
vehicle bumper was 7.75 inches, and the height to the upper edge of the bumper was 21.5 inches.
Figure D.1 in Appendix D1 gives additional dimensions and information on the vehicle. The
vehicle was directed into the installation using a cable reverse tow and guidance system, and was
released to be freewheeling and unrestrained just prior to impact.

* The 2009 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
2009 model vehicle met the MASH requirements.
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54  TEST DESCRIPTION

The test vehicle was traveling at an impact speed of 63.9 mi/h when it contacted the Wyoming
box beam shoulder barrier 9 ft-9 inches upstream of the centerline of the rail splice between
posts 14 and 15, at an impact angle of 24.6°. Table 5-1 lists events that occurred during Test No.
610031-01-1. Figure D.4 and Figure D.5 in Appendix D2 present sequential photographs during
the test.

Table 5-1. Events during Test No. 610031-01-1.

Time (s)* Events
~0.0000 Vehicle contacts guardrail
~0.0140 Vehicle begins to redirect
~0.0160 Post 13 separates away from rail
~0.1170 Vehicle traveling parallel with rail
~0.2210 Vehicle loses contact with guardrail at a trajectory angle
of 11.8° and heading angle of 2.7°

* Due to technical difficulties with the high-speed cameras, times are approximate.
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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 173 ft downstream of the impact point and 13 ft toward the field
side.

5.5 DAMAGE TO TEST INSTALLATION

Figure 5.3 and Figure 5.4 show the damage to the Wyoming box beam shoulder barrier. There
was a 0.75-inch gap between the soil and the upstream side of the upstream anchor block, and a
0.5 inch gap between the soil and the downstream side of the downstream anchor block. No
movement was observed at posts 1-8, 20-30, and 32—34. The rail was detached from posts 12—
16. Posts 9-19 and 31 were leaning toward the field side (see Table 5-2). The damage near

post 31 resulted from a secondary impact of the vehicle with the downstream end of the guardrail
installation. The working width was 34.8 inches, and the height of the working width was

28.8 inches. Maximum dynamic deflection during the test was 28.8 inches, and maximum
permanent deformation was 11.5 inches.

TR No. 610031-01-1 15 May 2019



Figure 5.3. Barrier after Test No. 610031-01-1.
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LB,

Figure 5.4. Damage at Impact Area after Test No. 610031-01-1.
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Table 5-2. Post Lean for Test No. 610031-01-1.

Post No. Lean*
9 89.9°
10 89.3°
11 84.7°
12 73.9°
13 25.0°
14 23.0°
15 15.0°
16 25.0°
17 82.9°
18 88.8°
19 89.3°
31 31.4°

*90° is vertical.

56 VEHICLE DAMAGE

Figure 5.5 shows the damage sustained by the vehicle. The front bumper, hood, right front
fender, right front strut and tower, right front tire and rim, right front and rear doors, right rear
quarter panel, rear bumper, and left front fender were damaged. Maximum exterior crush to the
vehicle was 7.0 inches in the front plane at the right front corner at bumper height. No occupant
compartment deformation or intrusion was observed. Figure 5.6 shows the interior of the vehicle.
Figure D.2 and Figure D.3 in Appendix D1 provide exterior crush and occupant compartment
measurements, respectively.
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5.7  OCCUPANT RISK FACTORS

Data from the accelerometer, located at the vehicle center of gravity, were digitized for
evaluation of occupant risk. Table 5-3 shows the results. Table 5-4 and Figure 5.7 summarize
these data and other pertinent information from the test. Figure D.6 in Appendix D3 shows the
vehicle angular displacements, and Figure D.7 through Figure D.12 in Appendix D4 show

acceleration versus time traces.

Table 5-3. Occupant Risk Factors for Test No. 610031-01-1.

Occupant Risk Factor Value Time
OlV, longitudinal 14.4 ft/s at 0.1130 s on right side of interior
OlV, lateral 19.0 ft/s at 0.1130 s on right side of interior
Occupant ridedown accelerations, longitudinal 5749 0.1377-0.1477 s
Occupant ridedown accelerations, lateral 10.4¢g 0.1476-0.1576 s
Theoretical head impact velocity (THIV) 25.5 km/h | at 0.1087 s on right side of interior
and 7.1 m/s
Post head deceleration (PHD) 11.1¢g 0.1477-0.1577 s
Acceleration severity index (ASI) 0.87 0.0560-0.1060 s
Maximum 50-ms moving average, longitudinal -5.6¢g 0.0271-0.0771 s
Maximum 50-ms moving average, lateral -70¢g 0.1168-0.1668 s
Maximum 50-ms moving average, vertical -23¢g 0.1415-0.1915 s
Maximum roll angle 11° 0.2060 s
Maximum pitch angle 6° 1.5000 s
Maximum yaw angle 43° 1.5000 s
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Table 5-4. Summary of Results for MASH Test 3-10 on Wyoming Box Beam Shoulder

Barrier.
Type of Results
Information

General TeSt agENCY ..vvvvvvriiiiiiise e Texas A&M Transportation Institute

information Test standard test N0.........c.cccceueneeee. MASH Test 3-10
TTIHESENO. e 610031-01-1
Test date....covveevveiiieieecene, 2019-01-11

Test article TYPE oot Longitudinal barrier—guardrail
NAME ..o Wyoming box beam shoulder barrier
Installation length...........cccooeinnnee. 226 ft-10 inches
Material or key elements................. HSS 6x6x3/16—inch rail supported by S3x5.7 posts with soil

plates spaced at 72 inches; height 28 inches above grade

Soil type and

Embedded in AASHTO M147-65(2004), grading B soil (crushed limestone)

condition
Test vehicle Type/designation............ccocveerennnn 1100C
Make and model.........ccccoocervrenenne. 2009 Kia Rio
CUMDLc e 2500 Ib
Testinertial ......c.ccoovvvvviiiiinininnn, 2441 1b
DUMMY oo 165 Ib
GroSS STALIC. ...cvieieeeeriesiesiesiesienene 2606 Ib
Impact SPEE...eeeeee e 63.9 mi/h
conditions ANGle .o 24.6°
Location/orientation ...........cc.ccoceeene 9 ft-9 inches upstream of splice between 14-15
Impact severity 58 kip-ft
Exit conditions SPEEU...eeee e Not obtainable
Trajectory/heading angle................. 11.8°/2.7°
Occupant risk Longitudinal OIV .......c.ccocevviininne 14.4 ft/s
values Lateral OlIV ..o 19.0 ft/s
Longitudinal ridedown..................... 579
Lateral ridedown ..........ccocovevvvinnne 10449
THIV oo 25.5 km/h
PHD...cooiiiiiitieceee e 1119
ASL i 0.87
Max. 0.050-s average:
Longitudinal.........ccccooeervieinnnns -56¢g
Lateral........cooeovveieniiicecee -70¢g
Vertical ......coovveviviniiiiiinin, -23¢g
Post-impact Stopping distance ..........ccccocevevnnee. 173 ft downstream, 13 ft toward field side
trajectory
Vehicle stability | Maximum yaw angle..........c............ 43°
Maximum pitch angle .........cc.c........ 6°
Maximum roll angle..........c..cccooeee 11°
Vehicle snagging.........ccoceevvvinnnnnn. No
Vehicle pocketing........cc.ccovveenrneennnn No
Test article DYynamic.......cccoovevevenenenenesesieen 28.8 inches
deflections Permanent .........ccoocvvveninicneenenn 11.5 inches
Working Width ..o 34.8 inches
Height of working width.................. 28.0 inches
Vehicle damage | VDS.....cccoooiriincincineeeeen 01RFQ5
CDC ..t 01FREWA4
Max. exterior deformation............... 7.0 inches
OCDIH ettt RF0000000

Max. occupant compartment deformation deformation...None
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CHAPTER 6. SUMMARY AND CONCLUSIONS

6.1. ASSESSMENT OF TEST RESULTS

The crash test reported herein was performed in accordance with MASH Test 3-10, which
involves an 1100C vehicle impacting the Wyoming box beam shoulder barrier at a target impact
speed and impact angle of 62 mi/h and 25°, respectively. Table 6-1 provides an assessment of the
test based on the applicable safety evaluation criteria for MASH Test 3-10 for longitudinal
barriers.

6.2 CONCLUSIONS

The Wyoming box beam shoulder barrier performed acceptably for MASH Test 3-10. The
Wyoming box beam shoulder barrier performed acceptably for MASH Test 3-11 under NCHRP
Project 22-14(03) (2). Based on the successful outcome of both tests, it is concluded that the
Wyoming box beam shoulder barrier is MASH compliant as a TL-3 longitudinal barrier.
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Table 6-1. Performance Evaluation Summary for MASH Test 3-10 on Wyoming Box Beam Shoulder Barrier.

Evaluation MASH Test 3-10 Evaluation Criteria Test Results Assessment
Factor
Structural A. Test article should contain and redirect the vehicle or bring | The Wyoming box beam shoulder barrier Pass
adequacy the vehicle to a controlled stop; the vehicle should not contained and redirected the 1100C vehicle. The
penetrate, underride, or override the installation although vehicle did not penetrate, underride, or override
controlled lateral deflection of the test article is acceptable. | the installation. Maximum dynamic lateral
deflection during the test was 28.8 inches.
Occupant D. Detached elements, fragments, or other debris from the test | The rail detached from several posts but did not | Pass
risk article should not penetrate or show potential for penetrate or show potential for penetrating the
penetrating the occupant compartment, or present an undue | occupant compartment, or show hazard to
hazard to other traffic, pedestrians, or personnel in a work | others in the area.
zone.
Occupant D. Deformations of, or intrusions into, the occupant No deformation or intrusion of the occupant Pass
risk compartment should not exceed limits set forth in compartment was observed.
Section 5.2.2 and Appendix E of MASH.
Occupant F. The vehicle should remain upright during and after The 1100C vehicle remained upright during and | Pass
risk collision. The maximum roll and pitch angles are not to after the collision event. Maximum roll and
exceed 75 degrees. pitch angles were 11° and 6°, respectively.
Occupant H. Occupant impact velocities (OIV) should satisfy the Longitudinal OIV was 14.4 ft/s, and lateral OIV | Pass
risk following limits: preferred value of 30 ft/s, or maximum was 19.0 ft/s.
allowable value of 40 ft/s.
Occupant I. The occupant ridedown accelerations should satisfy the Longitudinal ridedown acceleration was 5.7 g, Pass
risk following limits: preferred value of 15.0 g, or maximum and lateral ridedown acceleration was 10.4 g.
allowable value of 20.49 g.
Vehicle For redirective devices, it is preferable that the vehicle be The 1100C vehicle exited within the exit box Documenta-
trajectory smoothly redirected and leave the barrier within the “exit box” | criteria. tion only

criteria (not less than 32.8 ft for the 1100C and 2270P
vehicles) and should be documented.

Note: Test agency: TTI, test no.: 610031-01-1, test date: 2019-01-11.
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PO Box 699 - Pleasant Grove, UT 84062
Phone (801) 785-0505
www, Uisutah.com

Material Certificate Of Compliance

Order Number: 70723 Date: 08/15/18 Customer PO Number: 610031-00001
Customer: ) Ship To:

Texas A&M Transportation Institute Texas A&M Transportation Institute
Business Office Wil Call

3135 TAMU 355 North 1200 West

College Station TX gzg;& Lindon uTt 84042

Project ID: {BR) TT1 Box Beam Crash Tests
Project Description:

(BR) Texas, Box Beam Crash Tests

(WY) Box Beam Anchor Type 1

180 Box Beam Guardrall, Includes: Posts, Slice Plates, Tube Rails, Reflectors and Hardware, Galvanized.

This is to certify that the materials shipped meet the requirements of the above Contract Specifications and Special

Provisions. Guardrail meets the requirements of AASHTO M-180, Type I, II, IIL, or IV as stamped. Steel Posts meet the
requirements of AASHTO M-270 / M-183, ASTM A292-06a: A36 and are Galvanlzed per ASTM A-123 OR Steel Posts meet
the requirements of ASTM A588 (if required per Contract Specifications). Cable meets the requirements of AASHTO M-
30. Hardware meets the requirement of AASHTO M-180, ASTM A-307 and/or A-325 or A449 per contract requirements,

_ Galvanizeq per ASTM A-153. All Structural Steel conforms to AASHTO M-270 / M-183 and the Buy America Act 23 CFR

635.410. All other Galvanized Materials conform to ASTM A-123 or ASTM A-153. The materials covered by this
certification conform to the reguirements specified in the contract documents. The individual signing has the legal
authority to bind the manufacturer or supplier of material.
STATE OF UTAH, COUNTY OF UTAH

Sworn and Subscribed before me

STl rueadi-
/¢ day of Seprs 2006 .

FY pelly

Notary Public

Fs ROBERT J, MCDCONALD]
;?\\a

T}éés ) } NOTARY PUBLICH STATE OF UThigly
S OMMISS 10N 690176

55 COMM, EXP. 08-08-2020

this

Quality Control

Sign Structures, Bridge Rail, Steal Fabrication,
Anchor Bolts, Highway Construction Products
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Posv PLATEs

hUCOR STEEI. ARKANSAS METALLURGICAL TEST Date Printed: 8/30/135 Page 1 cf 1

2 Division of Nucor Corp
PO Box 30
orel, AR 72310

870/762-2100

UNLVERSAL INDUSTRIAL SALES INC
PO BOX 698

SLEASANT GROVE

HARDY, UT 844062

UNIVERSAL INDUSTRIAL SALES IKC

C/0 PIONZER PIPE

UP AREAR 068 YARD 01 TRACK 750 PIPE MILL
VINEYARD, UT 84058

Telephone:

H3ISE7BT7-2 g P SIBET7 8/30/16
2400 MIN x 45.00C00 MIN (INCHES} BNIFEZ9767
For conversion A36/SA36 Si max 0.805% 933655
P max 0.02% 9/26/16
With the follewing modificarions: Customer Parit Number COTL(.24
Heat 1265948 ol ID 1182014 _0000 13182016_6008 118298318._00400C 1182020.0000
Heat & M1 B s si Cu Ni Cr Mo Sn Al v Nb N Ti B Za sb
1265948 .23 .48 _Qa7 -0g1z2 .03 18 -G4 .04 .01 .GG5 .03 .002 001 - 006 003 000 .062 . 004
Coil Dir Test Val. UOM Test Val. UOM Test val. UOM
1182014.0000 T Trans Yield 45.1 KSI Trans Tensile 70.6 KSI Tran EBlong 32 %
1182016.8000 T Trans Yield 4.5 KS3I Trans Tensile 73.% KSI Tran Elong 23 %
i182018.0000 T Trans Yield 45 .5 KSI Trans Tensile 73.% KSI Tran Elong 29 %
1182020.00600 T Trans Yield 46.5 ESI Trauns Tensile 73.% KSI Tran Elong 29 %

7] goods are sold subject to the description, specifications arpd terme and conditions set forth on the face and reverse side, or otherwise provided with,
Nucor Steel's order acknowledgement.

[Tensile specimens are rested in sccordance with ASTM 3-370 specificatiorn: standard rectangular test cornfiguratien (Figurs 3) with 2 ianch gange length and
2 2% offset yield method. sSteel is alwminum killed and produced to a fire grain practice.

This material has been produced in compliance wizh the chemistry and astablished rolling practices of the ordared specificaticn. If material is ordered to
2 chemistry only, testing s not performed by producer. q

Mzterials certifiad to most current revision of ASTM specificatiom;s.

e her=by certify the above is correct as caontained ir the records of thée corporatcion.

100% MELTED AND MANUFACTURED IN THE TUSA Ryan Brousseau

METCI100 Rev. 12/13/13 FRM-014-HM
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S SWVA, INC.
A Subsidry.of ST N
‘Phone G600 .
CUSTOMER ORDER N0, DATED ‘OUR GROER NG, FREIGHTPMT CUSTOMBR NG, CHANGEDATE DATESEFE>: | LOADNUMERR
18709 8/17/17 73233-1 X¥¥ & INCL 20900001 2 |15 a7 10-993
" RGUTE REQUESTED TERMS.  ROUTING VI )
F.0.B _HUNTINGTON : b e ROUTRGMA TTPXEOE515 B.O.L. & 267373
RATL CRR NET 30 DaYs L . B o o
- L e This is to certify thet the material specifisation isa trucand comect
tepost as contained in the records of hiis companys:
: UNIVERSAL IND SALES INC :  C/O PIONEER STEEL & TUBE
1% ? O BOX 63% {  UD nRen 068 ¥ARD 81
T PLEACINT GROVE TT 84062 $  TRACK 750
PIPE MILL ©T 84058
PROD, — LENGHE QuANTITY puesp— - -
conm _ DESCRIPTION ORDEEED ORDERED WEGHT BUNDLES SEIFEED
2658 37 X 5.7 I BERM )
| WO HOLES, BARE N S ,
i — -
SWV 67 ASTM = ASTH A36-88 ] L
CERYS REQUIRED R/SHYDMNG T0 BE UNGDED |
) 235, NOTE # OF BDLS PERIREAT | .
SHIT VoA RAILCAR, Fok CHiTs BOL7059781
3453438 Tt 8w 720 POBE  175,204% 30 of 38 F50 | 23: v 175, 1ca -
B N TARPMMER:?AL N L
- SHIPPED WITH: 73234-3
T RIL meltidg Bnd manulactuving Proceises for iheis materials HCeneved Ta The U 5R- ; =
Strength ($.9.I) Riongation
: s - 3 ] HEAT NO, st %
Yield Tensile ki . Lghf ] <r ¥i Mo B ) £8
50059 70800 o 22.2 8§ .29 | .18 -08 § 403 24584 .25 1 -006 013 1.33
49000 71000 21.9 8 27 1 .27 .19 03 3158 § .13 ) .66 |.o1v | .o24| .24 .004 |oaz | 33
49600 69600 1 23.9 81 .27 } .17 12063, | .13} .6 .27 | 003 ;013 {.30




NLICRQR
NUCOR CORPORATION
NUGCOR STEEL UTAH -

Sold To: umvaga{sé%té INDUSTRIAL SALES ING
PLEASANT GROVE, UT 84052

Mill Certification
12/22/2016

07 CL,
ﬁ pS MTR #: U1«364128
PO Hox 10

o

7285 West 21200 K)orlh
PLYMOUTH, UT 8433
435) 458.230

Fax: (435) 468-2308

NDUSTRIAL SALES
2 T

| 15001 " aales Ordar | 269489.8
Marshan| Bar Quailty L2 PatNumbisr | 2160053748010W0
NUGOR MULTIGRADE S Let# | PL1610833001

6%3-1/2x3/8 Angla

PL16168330)

[ Bwa-1/2xal8 Angla 40 NUCOR MULTIGRADE

U1-556171

NUGOR MULTIGRADE

Lgad MNumber |, U1-364126 ' )

Custarr Speo |

. e kL
;' CustomarPart #

In accordance with thie spesiications and stendargs Nstd above and thal it sallsftas those r

I hereby cerlily Ihat the matarial deserlbed hareln has heen

Roll Date: 12/3/2016  Malt Date: 11/28/2018  Qty Shipped LBS: 16,840 Qty Shipped Fes: 40

G, Mn R B 8l

0AT%  062%  0012%  004T%  0.18%
CRe0%0  CEASZG ’ i !

0.34%  0.87%

0.36% 0.09% 0.13% 1,020%

N Cr Mo v Cb 8n
.0145% 0.000% .024%

CE4020: G, E, CSA B4020, AASHTO M270
CEAB29: ABZ0 CARBON EQUIVALENT

Yleld 1; §0,020ps!
Yield 2: 50,382psl

Tenslle 1; 73,566psi
Tensila 2: 74,127psl

Elangation: 32% In B"(% in 203.3mm)
Elongation 33% In 8"(% In 203,3mm)

:,S\geclﬂdaﬂon Comme'latsi; UCOR MULTIGRADE MEETS THE REQUIREMENE%?F{’:VASTM A36/A36M-14, ASZHIABZIM-14 @

72IABT2M-15 GRE
GR3E/GRE0, ASME SA3G/SA36M-13

AT08 Ageg -16A GRIE/50 NO CVN, ©5A G40.21-13

50,
IW(B0OWYGREUW(360W), AASHTO MZTOI@ETOM-TZ

Cosments: NUCOR - FLYMOUTH 1S AN 1.8.0. 5001 ANI AN AB.S. CERTIFIZD MILL

Gomments N O PR RN 550 ‘

1. ALL VANUFACTURING PROCESSES OF THE STEEL MATERIALS IN THIS PRODUCT, INGEUDING MELTING, CASTING, AND HOT
TR R R KL SR SRR BT AR B,
A B D N N T8 PRROUCT CONTAING A GHEMICAL KNOWN TO THE STATE OF CALIFORNIA TS GAUSE CANCER
2 R O O G A G, T RO T LA G e NP ORMATION, PLEASE GALL 1-43b-465-2300,

NBMGE-1Q January 1, 2012

TR No. 610031-01-1

Ryan Pennington

3
Division Metalturglst Page 2 of 4

36 May 2019



Spluee PiAres

~NUC o | = Mill Certification MTR # _J1-400849
NUCOR CORPORATION 1/24/2018 E{EEMVS%B%&“ 2‘%05”398
NUCOR STEEL UTAR Fa 433 252300
Sold Ta: Hgl\éf%RSAL INDUSTRIAL SALES ING Ship To: UNI\{\'JER SAL INDUSTRIAL SALES INC
PLEASANT GROVE, UT B4062 Ll DO N EOB D42
)(g 01y 785-0781
Gustomer P.0. | 18352 Seles Order | 2912787
Product Group | Merchant Bar Quailty ) Part Number | 5462653748310W0
" Grade | NUGOR MULTIGRADE ' Lot# | PlL1710862302
Slza | 5/BAE-3/8" REQ Flal - Heal# | PLI71085238 )
Product | 5/8x8-3/8" REOC Flat 40' 3" NUCOR MULTIGRADE . ’ ‘B.L. Number [ U1-695320
Description |, NUCOR MULTIGRADE Load Mumber | U1-400848
Customer Spec | , " Gustomer Part# | 75209
I hereby cerdify that the rﬁataﬂul desarived heraln has besn [aciurad In ac: with the ions and ) IEsrted ahove and thai'lt salisiies lr;u;a requiremonts.

Roll Dato: 12/1 31’2.017 Malt Date: 12/9/2017 Gty Shipped |.BS: 8,158 - Qty Shipped Pcs: 18

A
C Mn I3 8 5| Cu Ni Cr- Mo A\ Ch 8n
0.17% 0.66% 0.007% 0.049% 0.18% 0.27% Q.08% 0,11% 0.027% 0.0205% 0.000% 0.011%

GEAOZ0,  CEAGD
0.34% 0.37%

C. CSA G4020, AASHTO M270
o A529 CARBON EQUIVALENT

Yield 1: §3,968psi Tensglle 1: 76,790psl . Elongatian: 33% in 8°(% In 203.3mm)
Yield 2! £3,439psi: Tenslle 2: 75,577psl " Elongstion 32% In 8'(% In 203.0mm)
Spavification Comments; NUCOR MULTIGRADE MEETS THE RE%]REME NTS OF; ASTM AIG/A3EM-14 5 20/AB29M-14 GREQ, AST2/AGT2M-15 GRED,
A[;OQ,’ATOGM-WA GR36/B0 NO \/N‘ CSA G40,21-13 GRA4AVW(I0OWHGREOW(3E0W ). AASHTO M270/M270M-12 GRIS/GRED, ASME SA36/SA3EM-13

Gomments: NUCOR « FLYMOUTH 1S AN 1.S.0. 8001 AND AN AB.8, CERTIFIED MILL

CMTR COMPLIES WITH DIN EN 10204 - 3

1, ALL MANUFAGTURING PROGESSES OF THE STEEL MATERIALS IN THIS_PRODUCT wcwm EMTING CASTING, AND HOT ROLLING HAVE OC
_\P/’EIE#W‘HGTHOEF L%r;i‘llgﬁh?AsTTEAﬁf AL PRODUCTS PRODUCED ARE WELD FREE, MERCURY, T ANY FORM, HAS NOT BEEN USED N THE PRODUCTION
2 PROPGSITION 85 WARNING: THIS FRODUCT CONTAING (A CHEMICAL KNOWN TO THE STATE OF CALIFORNIA TG CAUSE CANCER AND/OR BIRTH
OR OTHER REPRODUCTIVE HARM, FOR MORE INFORMATION, PLEASE CALL 1-435-458-2300.

Btyden Morrls ”
NBMe-moc\obem,zoi? Division Metallurglst : Page 2 of 4

TR No. 610031-01-1 37 May 2019
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AMERICAN
TUBLLAR &

PRODUCTS &S

141 South Westem Coil Road
Lindon, Utah 84042
{801) 785-8600 Fax (801) 785-4146

06 | &
METALLURGICAL TEST REPORT

Page2of2

Date of Shipment: 5/21/2018

CUSTOMER: UNLIND SPEC: ASTM A 500-13 GRADE B
P.O. Box 699
ox 69 FAX: karlj@uismail.com
Pleasant Gr UT 84062
PO # 20465 C
ATTENTION: Karl J
_ MECHANICAL PROPERTIES
ATP ATP ' HEAT . CHEM[CAL PROPERT‘ES (WTOA} YIELD TENSILE El ONGATION IN
TAG COIL NUMBER SIZE. C . Mn P s Si Cu Cr Al (s .(PSh 2" (%)
54645 52 161549 8" X 6" X .188" 48" 48 054 0.00é 0.001 0.019 0.122 .05 0.037 55082 67,564 35
) Heat No. 161548 is 100% Domestic Melted and Manufactured. )
161549 8" X 6" X.188" 48 18 054 0006 0.001 0.019 0.122 .05 0.037 55,082 67,564 35

54646 527
Heat No. 161549 is 100% Domestic Melted and Manufactured.

WE CERTIFY THAT ALL TUBULAR PRODUCTS DESC
STATES OF AMERICA IN ACCORDANCE WITH THE LI

RIBED HEREIN WERE MANUFACTURED, SAMPLED, TESTED, AND INSPECTED IN THE UNITED
ISTED SPECIFICATION AND WERE FOUND TO MEET ALL SUCH REQUIREMENTS. WE ALSO CERTIFY

THAT THE CHEMICAL AND MECHANICAL PROPERTY INFORMATION 1S CORRECT AND TRUE TO THE BEST OF OUR

KNOWLEDGE.

SIGNED:

METALLURGY TECHNICIAN
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LI — C VETALEURGICAL TESTING CERTIFICATION ’ NS

"SHEET MILE GROBP fertificate Nuher: 847221
. . Bate Tssued; 0/24/2016
Mucor Steel-Crawfordsville -
1537 South Nusor Read ) Page: 2 of 2
Craufordsville, IN K7933-0007
’ i : ' Custorer Name: SCHAEFFER THOUSTRITES MESTERM
Order Mumber: 270330 - 0001 ) Customer Address: 1 S HESTERM CETL READ
Grder Divensions: 0.104F in ¥ 47,5000 in
HOT ROLLED BAND,CI015, MILL LINDON UT 8u0n2

Cust PO lumber: GG7127

ol o3 3 e T e O & SO T T

E,I Eme; i ﬁ,; ,_,..,;,- -
g 1 5594

Part Musber
12 Gh HHS WZ.500 X C
Height: 15,460 LES
CHEMECAL ANALYSIS
¢ 4] P 3 Si Cu Sn Ni Cr Ho Al N ¥ Wb TL 3 %o
D48 0580 0.006 0.001 0.019 0122 0,005 0.0 0.05¢ 0016 Q.03 0.008 0,001 <G.00% 0.003 0.0005 0,002 B
Part Wusber
ZEEHMS W7RA0 R CE -
Usight: y5 3u0 183
CHEMICAL ANALYSIS
Heat Slah C ¥ p 8 5L Cu Sn M Cr Ho i N ¥ Wb Ti B Sh

151588 02 048 DJA0 0806 ©.007 0.019 0122 6005 O.0u6 0050 0016 003 0088 0.001 <0.00 0,003 <0.0005 0.002

M TELTTON Lttty s o rmec

i VEREBY CERTIFY TIE ABOVE TS CORWECT &5 CONTABED T THE RECORDS OF THE CORPORATIDN
VELTED A0 POLLED Y BE U8 -
MUCOR, GURLTTY ASSURENCE

gr-0261 1/28/2012 )
1-800-7/7-0950  HIR TN THQUIRTESEHUCOR,COM
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. 20" THCS

. ) Pa
- - . ; ge 1 of 1
American Tuhular Peadygte . . METALLURGICAL TEST REPORT
# Diviion of Fchverdter dedustries- ! H
ke
141 Soutlh Western Coil Rcad
Lindon, Utah 84042
(801) 785-8600 Fax (801) 785-4146 ’ '
L Date of Shipment: 11/08/2017

CUSTOMER: Universal Industrial . SPEC: ASTM A 500-13 GRADE B
P.O. Box 699 : :

FAX: karj@uismail.com
Pleasant Gr UT 84062

; PO # 192591
ATTENTION: Karl J ! :
) ) MECHANICAL PROPERTIES
ATP ATP HEAT CHEMICAL PROPERTIES (WT%) YIELD TENSILE ELONGATION IN
TAG COIL / NUMBER | SIZE C Mn P s si Cu Cr Al sy sy 2 ()
47158 486833 151270 87 X 6" X .188" 36 .18 054 0.007 0.003 0.015 0.158 .045 0.036 49585 66,191 35
Heat Mo. 151270 is 100% Domestic Melt i and Manufactured. '
47160 4683 151270 8" X 6" X .188" 36 .18 054 0.00’7 0.003 0.015 0.158 .045 0.036 49,685 66,191 35
Heat Mo. 15127271s 100% Domestic Melt { and Manufactured. t
47161 46833 51270 €" 6" X .188" 36’> A8 054 0.007 0.003 0.015 0.158 .045 0.036 49,585 66,191 35
Heat Mo. 151270 is 100% Domestic Meli i and Manufactured. )
47162 46833 151270 6" X6"X.188" 36 18 054 0.007 0.003 0.015 0.158 .045 0.036 49,585 66,191 35
Heat Mo. 151270 is 100% Domestic Melt 3 and Manufactured.
47168 46209 76675D 6" X 6" X .188" 36 18 078 0012 0.01 0.007 0.04 04 0025 57,042 72,212 34
Heat Mo. 766750 is 100% Domestic Me «d and Manufactured.
47170 46209 76675D 6" X 6" X 188" 36 19 078 0012 0.01 0.007 0.04 .04 0.025 57,042 72,212 34
: Heat Mo. 76675D is 100% Domestic Me :d and Manufactured. ,
47175 46210 76670D 6" X 6" X.188" 36 .18 078 0.012 0.011 0.608 0.02 03 0.036 56,526 73,694 35

Heat MNo. 76670D is 100% Domestic Me :d and Manufactured.

}

WE CERTIFY THAT ALL TUBULAR PRODUCTS DE. >RIBED HEREIN WERE MANUFACTURED, SAMPLED, TESTED, AND INSPECTED IN THE UNITED
STATES OF ANERICA IN ACCORDANCE WITH THE _ISTED SPECIFICATION AND WERE FOUND TO MEET ALL SUCH REQUIREMENTS. WE ALSO CERTIFY
THAT THE CHEMICAL AND MECHANICAL PROPEF 'Y INFORMATION IS CORRECT AND TRUE TC THE BEST OF OUR

KNOWLEDGE.

|
SIGNED:
k
T METALLURGY TECHNICIAN



T-TO-TE00T9 ON d1

114

6102 AeN

CSHEET BILL GROUP

Nucor Stesl-Crawfordsville
4537 South Nucor Road
Cragfordsville, IN 47933-0007

[lrderA fmber; 270392 - 0001
Order Dimensions: 0.0820 in £ 48.0000 in
HOT RELLED BANE, C1015, MILL

VETALLUBEICA: TESTING CERTIFTCATION @W

Cerbificebe Number: 640302
Bete Tosued: 01/12£20%0

Page: 3 of 3

€ sboger Mame: SCHREFFER THDUSTRIES RESTERN
Cust. wer Address: 16t S KESTERN COIL RORD

LR UT sudu2

PU Hwher 007128

Ceil Nurber
2616839.000

Part Nurher
13 60 S 18000 K €

height:  WR30LES | 535@(

Heat Slab € m  p- 5 S @ %
181270 f 01 9,18 6,540 0.907 0.603 0,015 0,158 0.006

CHEMECAL BHALYSIS
I ¥ 4 ¥o AL N ¥ Kb Ti B b

G055 G.0U5  8.012 0.036 0.00  0.001 (6.0t 0.002 <D.0C05 0.0Ck

it T TSI AR T .

U261 1142972012

EE HEREBY CERTIFY ﬂ'i._r FIBG‘}E TS CORRECT £5 CONTAINED I FrE RECGRDS ﬂF THE mﬂﬂﬁﬂﬂﬂ
VELTED AHD ROLLED I THE U

“IE.” T GUALTTY ASSURRANCE

1-800-777-0950 HTR_IHU__IN&UIRIEME&REGH
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Toow 115 TEST 400001 1 Dynamic Post-Test —
nEE = Setup Photo
— 111 |
- fm . < Static
TN e > Post.Test l Load TeSt
P . Photo of post ~
Porcent Finer Vs, Grain Size of Fill Soll for Dynamic and Static Load Tests r éR‘L‘jJC"‘R":t’; Tf';f{;g
A ]
\ w0
A w
T - “ 'i
T Z T Dynamic
. Test
Ll o Installation
’ Grain Size. © (mm) ; " Details
C of Load vs.
at25-inch height
10000 -
S000 -
000
oous)
2
o
3 -
2000 | -
1000 Static Load .
° Test Installation ; %
Displacement (inch) Details — Lt
DAL ... 2008-11-05
Test facility and site 10Cation..........ccccceeeveniiiieiieeee e TTI Proving Ground, 3100 SH 47, Bryan, TX 77807
In-situ soil description (ASTM D2487) ......ccccveevevvevereresinnennns Sandy gravel with silty fines
Fill material description (ASTM D2487) and sieve analysis .... AASHTO Grade B soil-aggregate (see sieve analysis above)
Description of fill placement procedure..........cccccoeveneieneninne 6-inch lifts tamped with a pneumatic compactor
BOgie WEIGNT ... 5009 Ib
IMPACE VEIOCILY ... 20.5 mi/h

Figure C.1. Summary of Strong Soil Test Results for Establishing Installation Procedure.

S311Ld3d0dd T110S 'O XIdN3ddV
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Comparison of Static Load Test Results and Required Minimum:
Load versus Displacement at 25 inch Height

Load (Ib)

5 10 15
Displacement (inch)

BLoad vs. Dsplacement from Statc Load Test BMinimum Static Load

Percent Finer Vs. Grain Size of Fill Soil for Dynamic and Static Load Tests

\ 100
LY .
'\\ m
y 2 &
1\\ H
'\ :: s
b - 20
10
10 1 01 0010 P
Graln Size. D (mm) v RS TN
Post-Test Photo of Post
DALE ...ttt 2019-01-11
Test facility and site 0Cation............cccccevinieiiiiiiec TTI Proving Ground, 3100 SH 47, Bryan, TX 77807
In-situ soil description (ASTM D2487) .....cccceovvirvininiinenns Sandy gravel with silty fines
Fill material description (ASTM D2487) and sieve analysis .... AASHTO Grade B soil-aggregate (see sieve analysis)
Description of fill placement procedure.........cccccevevevvrrrnnenn 6-inch lifts tamped with a pneumatic compactor

Figure C.2. Test Day Static Soil Strength Documentation for Test No. 610031-01-1.




APPENDIX D. MASH TEST 3-10 (CRASH TEST NO. 610031-01-1)

D1  VEHICLE PROPERTIES AND INFORMATION

Vehicle Inventory Number:  qazg

Date: 2019-01-11 Test No.:  801031-01-1 VIN No.: KNADE223196477405
Year: 2009 Make: Kia Model: Ria
Tire Inflation Pressure: 32 P3| Odometer: 201776 Tire Size: 1B5/65R14

Describe any damage to the vehicle prior to test:

' I [ — i
® [Denotes accelerometer location. i [ ] i
. II
NOTES: I | . | ]
|
F '.l"-. — '!
Engine Type:  _4 Gylindar L] w L — i v

Engine CID: 16 L
Transmission Type:
Auto ar D_ Manual

v FwD [] RWD [ ] 4wD P

Optional Equipment: i

I

J

L)
Dummy Data:
Type: 50th percentile male
Mass: 165 lbs
Seat Position:  Impact side - ¥ -
Geometry: inches i
A 5638 F 33.00 K 1225 P 412 U 15.00
B 5150 G L 2s2s =~ Q250 = V2050
C 165.75 H 3550 M 57.75 R 1550 W 35.50
D ad.00 | 7.75 N 57.70 S5 g.o5 X 102.00
E 9875 J 21.50 O 27.00 T 66.20

Wheel Center Ht Front 11,00 Wheel Center Ht Rear 11,00 W-H

RAMNGE LIMIT: A =65 43 inchas; C =160 $8 inchas; E = 88 &5 inches; F = 35 &4 inches; H = 39 #4 inches; O (Botiom of Mood Lip) = 4 &4 inches

TOP OF RADIATOR SUPPORT = 23_25 ___ Inchis; |:M+N:1U = &6 +F inchas, W-H < 2 inchas or usa MASH Paragraph A4 3.3
GVWR Ratings: Mass: Ib Curb Test Inertial Gross Static
Front {718 Mirom 1590 1563 1648
Back 1874 Mrear 910 878 958
Total 3638 Mratal 2500 2441 2606

Allpwabla TIM = 2440 I 455 b | Allowabla GSM = 2886 b + 45 1b
Mass Distribution:
Ib LF: 7g8 RF: 765 LR: 422 RR: 456
Performed by:  scp Date: 1/11/2019

Figure D.1. Vehicle Properties for Test No. 610031-01-1.

TR No. 610031-01-1 45 May 2019



Date: 2019-01-11 Test No.- 601031-01-1 VIN No - KNADE223196477 405

Year: 2009 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) X1+ X2
< 4 inches T N

> 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 Field < © © G © Cs D
Number C-Measurements (CDC) Crush I
1 AT FT BUMPER 18 5 20 [ 5] 2] 1 +17
2 SAME 18 7 36 1 1.5 3 4 55 7 +60

Measurements recorded

inches or |:|mm

ITable taken from National Accident Sampling System (INASS).

*dentify the plane at which the C-measurements are taken (2.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.

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

M 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.

Figure D.2. Exterior Crush Measurements for Test No. 610031-01-1.

TR No. 610031-01-1 46 May 2019



Date: 2019-01-11 Test No.: 601031-01-1 VIN No.: KNADEZ223196477405

Year: 2009 Make: Kia Model: Rio

e OCCUPANT COMPARTMENT
- [7 e H- - DEFORMATION NIEASUREIVI-ENT
F ) Before  After Differ.

(inches)

It ¢ A1 67.50 67.50 0.00
i /R AD 67.25 67.25 0.00
e A3 67.75 67.75 0.00
B1 40.50 40.50 0.00
B2 39.00 39.00 0.00
B1,B2, B3, B4, B5, B6 B3 40.50 40 50 0.00
q \ B4 36.25 36.25 0.00
XRVET B5 36.00 36.00 0.00
".og & DS &CL B6 36.25 36.25 0.00
© J 1] C1 26.00 26.00 0.00
C2 0.00 0.00 0.00
c3 26.00 26.00 0.00
D1 9.50 9.50 0.00
D2 0.00 0.00 0.00
N D3 9.50 9.50 0.00
TR E1 51.50 51.50 0.00
Eﬁ o E2 51.00 51.00 0.00
F 51.00 51.00 0.00
N G 51.00 51.00 0.00
H 37.50 37.50 0.00
| 37.50 37.50 0.00
*Lateral area across the cab from J* 51.00 51.00 0.00

driver's side kick panel to passenger’s side kick panel.

Figure D.3. Occupant Compartment Measurements for Test No. 610031-01-1.
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D2  SEQUENTIAL PHOTOGRAPHS"

0.000s

0.080s

0.160s

LT[ 0240 NN
Figure D.4. Sequential Photographs for Test No. 610031-01-1
(Overhead and Frontal Views).

* Due to technical difficulties with the high-speed cameras, times are approximate.
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0.320s

0.400s

0.480s

0.560s Bt
Figure D.4. Sequential Photographs for Test No. 610031-01-1
(Overhead and Frontal Views) (Continued).
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Figure D.5. Sequential Photographs for Test No. 610031-01-1 (Rear View).
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D3  VEHICLE ANGULAR DISPLACEMENTS
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Figure D.6. Vehicle Angular Displacements for Test No. 610031-01-1.
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D4  VEHICLE ACCELERATIONS

1.6

B

14

Test Article: Wyoming Box Beam Shoulder Barrier

Test Vehicle: 2009 Kia Rio

Inertial Mass: 2441 |b

Test Standard Test Number: MASH Test 3-10
Gross Mass: 2606 Ib

Test Number: 610031-01-1
Impact Speed: 63.9 mi‘h

Impact Angle: 24 6°
10

— 50dnsec average

0.8
Time (s)

X Acceleration at CG

06
SAE Class 60 Filter

| — Time of AV (0.113 sec)

Figure D.7. Vehicle Longitudinal Accelerometer Trace for Test No. 610031-01-1
(Accelerometer Located at Center of Gravity)
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Figure D.8. Vehicle Lateral Accelerometer Trace for Test No. 610031-01-1
(Accelerometer Located at Center of Gravity).

16



T-T0-TE00T9 ON 1

4%

6102 Ae\

Vertical Acceleration(g)

Z Acceleration at CG

10 ; ; : ; ; : :
e e ———— ———— —— e e
jl!. |lh"lh il | ‘ !...-l_ !1,.. Ay, [ 6 i_l.!.! PN O . _}. =l 5 .
DT ) A LI A e
v I |, SILE NN S ) senuscmesenuse ST - TestNumber: 610031-01-1 :
: : : : Test Standard Test Number: MASH Test 3-10
; Test Article: Wyoming Box Beam Shoulder Barrier
: : : : Test Vehicle: 2009 Kia Rio
Y sttt o vy s b s peva s — Inertial Mass: 2441 Ib y
: Gross Mass: 2606 b
' ' ' ' Impact Speed: 63.9 mi‘h
Impact Angle: 24 6°
15 : i : ; ;
1 0 02 04 06 08 10 12 14
Time (s)
— SAE Class 60 Filter — 50-msec awrage |

Figure D.9. Vehicle Vertical Accelerometer Trace for Test No. 610031-01-1

(Accelerometer Located at Center of Gravity).
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Figure D.10. Vehicle Longitudinal Accelerometer Trace for Test No. 610031-01-1
(Accelerometer Located Rear of Center of Gravity).
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' ' ' ' Inertial Mass: 2441 |b
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Figure D.12. Vehicle Vertical Accelerometer Trace for Test No. 610031-01-1
(Accelerometer Located Rear of Center of Gravity).
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	 INTRODUCTION 
	1.1 INTRODUCTION 
	The second edition of the Manual for Assessing Safety Hardware (MASH) was published by the American Association of State Highway and Transportation Officials (AASHTO) in December 2016 (1). Concurrent with this publication, an agreement for the implementation of MASH was jointly adopted by AASHTO and the Federal Highway Administration. The implementation agreement established phased adoption of MASH-compliant roadside safety devices. 
	As the Wyoming Department of Transportation began to formulate a strategy for MASH implementation, a MASH-compliant box beam guardrail system was identified as a priority. The MASH test matrix for Test Level 3 (TL-3) longitudinal barriers consists of two tests: MASH Test 3-10 with a passenger car and MASH Test 3-11 with a pickup truck.  
	Under National Cooperative Highway Research Program (NCHRP) Project 22-14(03), Evaluation of Existing Roadside Safety Hardware Using Update Criteria, the impact performance of several commonly used nonproprietary roadside safety features was evaluated using MASH criteria (2). One of the longitudinal barriers evaluated was the Wyoming box beam shoulder barrier (also referred to as the G3 weak-post box-beam guardrail system). The Wyoming box beam shoulder barrier performed acceptably for MASH Test 3-11 (2). 
	1.2 OBJECTIVE 
	The objective of this project was to complete the MASH evaluation of the Wyoming box beam shoulder barrier by performing MASH Test 3-10. MASH Test 3-10 involves an 1100C vehicle impacting the barrier at a target impact speed and impact angle of 62 mi/h and 25°, respectively. 
	This report provides details of the Wyoming box beam shoulder barrier, detailed documentation of the crash test results, and an assessment of the performance of the Wyoming box beam shoulder barrier for MASH Test 3-10 evaluation criteria. Additionally, the MASH compliance of the Wyoming box beam shoulder barrier is discussed.  
	 SYSTEM DETAILS 
	2.1. TEST ARTICLE AND INSTALLATION DETAILS 
	The test installation consisted of HSS 6×6×3/16–inch rail sections, supported by S3×5.7 posts (with soil plates) spaced at 72 inches. The top of the rails were located 28 inches above grade for the 186-ft length-of-need between posts 2 and 33. The rails sloped down at each end and were anchored to concrete blocks embedded in the soil. The total rail length, measured from the center of each of the anchor blocks, was 226 ft-10 inches. 
	Figure 2.1
	Figure 2.1
	Figure 2.1

	 presents overall information on the Wyoming box beam shoulder barrier, and 
	figure 2.2
	figure 2.2

	 provides photographs of the installation. Appendix A provides further details of the Wyoming box beam shoulder barrier. 

	2.2. MATERIAL SPECIFICATIONS  
	Appendix 
	Appendix 
	B
	B

	 provides material certification documents for the materials used to install/construct the Wyoming box beam shoulder barrier. 

	2.3. SOIL CONDITIONS  
	The test installation was installed in soil meeting grading B of AASHTO standard specification M147-65(2004) “Materials for Aggregate and Soil Aggregate Subbase, Base and Surface Courses.” 
	In accordance with Appendix B of MASH, soil strength was measured the day of the crash test. During installation of the barrier for full-scale crash testing, two W6×16 posts were installed in the immediate vicinity of the barrier utilizing the same fill materials and installation procedures used in the test installation and a previous standard dynamic test. Figure 
	In accordance with Appendix B of MASH, soil strength was measured the day of the crash test. During installation of the barrier for full-scale crash testing, two W6×16 posts were installed in the immediate vicinity of the barrier utilizing the same fill materials and installation procedures used in the test installation and a previous standard dynamic test. Figure 
	C
	C

	.1 in Appendix 
	C
	C

	 presents minimum soil strength properties established through the dynamic testing performed in accordance with MASH Appendix B. 

	As determined by the tests summarized in Appendix 
	As determined by the tests summarized in Appendix 
	C
	C

	, Figure 
	C
	C

	.1, the minimum post loads required for deflections at 5 inches, 10 inches, and 15 inches, measured at a height of 25 inches, are 3940 lb, 5500 lb, and 6540 lb, respectively (90 percent of static load for the initial standard installation). On the day of the test, January 11, 2019, loads on the post at deflections of 5 inches, 10 inches, and 15 inches were 7272 lbf, 7626 lbf, and 7424 lbf, respectively. Figure 
	C
	C

	.2 in Appendix C shows that the strength of the backfill material in which the barrier was installed met minimum MASH requirements. 

	 
	Figure
	Figure 2.1. Details of the Wyoming Box Beam Shoulder Barrier. 
	 
	Figure
	Figure 2.2. Wyoming Box Beam Shoulder Barrier prior to Testing.
	 TEST REQUIREMENTS AND EVALUATION CRITERIA  
	3.1. CRASH TEST PERFORMED/MATRIX 
	Table 3-1
	Table 3-1
	Table 3-1

	 shows the test conditions and evaluation criteria for MASH TL-3 for longitudinal barriers. MASH Test 3-11 on the Wyoming box beam shoulder barrier was performed under NCHRP Project 22-14(03) (2). MASH Test 3-10 involves an 1100C vehicle weighing 2420 lb ±55 lb impacting the critical impact point (CIP) of the barrier at a speed of 62 mi/h ±2.5 mi/h and an angle of 25° ±1.5°. Using the information provided in MASH Section 2.2.1, MASH Section 2.3.2, and MASH Figure 2-1, the target CIP was determined to be 10 

	Table 3-1. Test Conditions and Evaluation Criteria Specified for MASH TL-3 Longitudinal Barriers. 
	Table
	TR
	Span
	Test Article 
	Test Article 

	Test Designation 
	Test Designation 

	Test Vehicle 
	Test Vehicle 

	Impact Condition: Speed 
	Impact Condition: Speed 

	Impact Condition: Angle 
	Impact Condition: Angle 

	Evaluation Criteria 
	Evaluation Criteria 


	TR
	Span
	Longitudinal barrier 
	Longitudinal barrier 

	3-10 
	3-10 

	1100C 
	1100C 

	62 mi/h 
	62 mi/h 

	25° 
	25° 

	A, D, F, H, I 
	A, D, F, H, I 


	TR
	Span
	Longitudinal barrier 
	Longitudinal barrier 

	3-11 
	3-11 

	2270P 
	2270P 

	62 mi/h 
	62 mi/h 

	25° 
	25° 

	A, D, F, H, I 
	A, D, F, H, I 



	 
	The crash test 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 Tables 2-2 and 5-1 of MASH were used to evaluate the crash test reported herein. The test conditions and evaluation criteria required for MASH Test 3-10 are listed in 
	The appropriate safety evaluation criteria from Tables 2-2 and 5-1 of MASH were used to evaluate the crash test reported herein. The test conditions and evaluation criteria required for MASH Test 3-10 are listed in 
	Table 3-1
	Table 3-1

	, and the substance of the evaluation criteria are listed in 
	Table 3-2
	Table 3-2

	. An evaluation of the crash test results is presented in detail under the Section 6.1, “Assessment of Test Results.” 

	Table 3-2. Evaluation Criteria Required for MASH Test 3-10 for Longitudinal Barriers. 
	Table
	TR
	Span
	Evaluation Factors 
	Evaluation Factors 

	Evaluation Criteria 
	Evaluation Criteria 


	TR
	Span
	Structural adequacy 
	Structural adequacy 

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


	TR
	Span
	Occupant risk 
	Occupant risk 

	D. 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.  
	D. Detached elements, fragments, or other debris from the test article should not penetrate or show potential for penetrating the occupant compartment, or present undue hazard to other traffic, pedestrians, or personnel in a work zone.  
	Deformations of, or intrusions into, the occupant compartment should not exceed limits set forth in Section 5.2.2 and Appendix E of MASH. 


	TR
	Span
	Occupant risk 
	Occupant risk 

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


	TR
	Span
	Occupant risk 
	Occupant risk 

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


	TR
	Span
	Occupant risk 
	Occupant risk 

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



	 
	 TEST CONDITIONS 
	4.1. TEST FACILITY 
	The full-scale crash test reported herein was performed at the 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 test was 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 
	4.2 VEHICLE TOW AND GUIDANCE SYSTEM 
	The 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, passed through a pulley on the tow vehicle, and then anchored to the ground such that the tow vehicle moved away from the test s
	4.3 DATA ACQUISITION SYSTEMS 
	4.3.1 Vehicle Instrumentation and Data Processing 
	The test vehicle was instrumented with a self-contained, onboard data acquisition system. The signal conditioning and acquisition system is a 16-channel, Tiny Data Acquisition System (TDAS) Pro produced by Diversified Technical Systems, Inc. The accelerometers, which measure the x, y, and z axes 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 design
	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 swi
	Each of the TDAS Pro units is returned to the factory annually for complete recalibration, and all instrumentation used in the vehicle conforms to all specifications outlined by SAE J211. All accelerometers are calibrated annually by means of an ENDEVCO 2901, precision primary vibration standard. This standard and its support instruments are checked annually and receive a National Institute of Standards Technology (NIST) traceable calibration. The rate transducers used in the data acquisition system receiv
	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-ms average ridedown acceleration. TRAP calculates change in vehicle velocity at the end of a given impulse period. In addition, maximum average accelerations over 50˗ms intervals in each of the three directions are computed. For reporting purposes, the data from the vehicle-mounted accelerometers are filtered with an SAE class 180 digital low-pa
	TRAP uses the data from the yaw, pitch, and roll rate transducers to compute angular displacement in degrees at 0.0001-s intervals, and then plots yaw, pitch, and roll versus time. These displacements are in reference to the vehicle-fixed coordinate system with the initial position and orientation of the vehicle-fixed coordinate systems being initial impact. Rate of rotation data are 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 II, 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.  
	4.3.3 Photographic Instrumentation Data Processing 
	Photographic coverage of the test included three digital high-speed cameras: 
	 One overhead with a field of view perpendicular to the ground and directly over the impact point;  
	 One overhead with a field of view perpendicular to the ground and directly over the impact point;  
	 One overhead with a field of view perpendicular to the ground and directly over the impact point;  


	 One placed behind the installation at an angle; and  
	 One placed behind the installation at an angle; and  
	 One placed behind the installation at an angle; and  

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


	A flashbulb on the impacting vehicle was activated by a pressure-sensitive tape switch to indicate the instant of contact with the Wyoming box beam shoulder barrier. The flashbulb was visible from each camera. The video files from these digital high-speed cameras were analyzed to observe phenomena occurring during the collision and to obtain time-event, displacement, and angular data. A digital camera recorded and documented the conditions of each test vehicle and the installation before and after the test.
	 MASH TEST 3-10 (CRASH TEST NO. 610031-01-1) 
	5.1 TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS 
	MASH Test 3-10 involves an 1100C vehicle, weighing 2420 lb ±55 lb, impacting the CIP of the barrier at an impact speed of 62 mi/h ±2.5 mi/h and at an angle of 25° ±1.5°. The target CIP for MASH Test 3-10 on the Wyoming box beam shoulder barrier was 10 ft-3 inches ±1 ft upstream of the centerline of the rail splice between posts 14 and 15.  
	The 2009 Kia Rio* used in the test weighed 2441 lb, and the actual impact speed and angle were 63.9 mi/h and 24.6°, respectively. The actual impact point was 9 ft-9 inches upstream of the centerline of the rail splice between posts 14 and 15. Minimum target impact severity (IS) was 51 kip-ft, and actual IS was 58 kip-ft. 
	* The 2009 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 2009 model vehicle met the MASH requirements.  
	* The 2009 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 2009 model vehicle met the MASH requirements.  

	5.2 WEATHER CONDITIONS 
	The test was performed on the morning of January 11, 2019. Weather conditions at the time of testing were as follows: 
	 Wind speed: 8 mi/h; 
	 Wind speed: 8 mi/h; 
	 Wind speed: 8 mi/h; 

	 Wind direction: 139° (vehicle was traveling in a southwesterly direction); 
	 Wind direction: 139° (vehicle was traveling in a southwesterly direction); 

	 Temperature: 59°F; and 
	 Temperature: 59°F; and 

	 Relative humidity: 68 percent. 
	 Relative humidity: 68 percent. 


	5.3 TEST VEHICLE  
	Figure 5.1
	Figure 5.1
	Figure 5.1

	 and 
	Figure 5.2
	Figure 5.2

	 show the 2009 Kia Rio used for the crash test. The vehicle’s test inertia weight was 2441 lb, and its gross static weight was 2606 lb. The height to the lower edge of the vehicle bumper was 7.75 inches, and the height to the upper edge of the bumper was 21.5 inches. Figure D.1 in Appendix D1 gives additional dimensions and information on the vehicle. The vehicle was directed into the installation using a cable reverse tow and guidance system, and was released to be freewheeling and unrestrained just prior 

	 
	Figure
	Figure 5.1. Barrier/Test Vehicle Geometrics for Test No. 610031-01-1. 
	 
	Figure
	Figure 5.2. Test Vehicle before Test No. 610031-01-1. 
	5.4 TEST DESCRIPTION 
	The test vehicle was traveling at an impact speed of 63.9 mi/h when it contacted the Wyoming box beam shoulder barrier 9 ft-9 inches upstream of the centerline of the rail splice between posts 14 and 15, at an impact angle of 24.6°. 
	The test vehicle was traveling at an impact speed of 63.9 mi/h when it contacted the Wyoming box beam shoulder barrier 9 ft-9 inches upstream of the centerline of the rail splice between posts 14 and 15, at an impact angle of 24.6°. 
	Table 5-1
	Table 5-1

	 lists events that occurred during Test No. 610031-01-1. Figure D.4 and Figure D.5 in Appendix D2 present sequential photographs during the test. 

	Table 5-1. Events during Test No. 610031-01-1. 
	Table
	TR
	Span
	Time (s)* 
	Time (s)* 

	Events 
	Events 


	TR
	Span
	~0.0000 
	~0.0000 

	Vehicle contacts guardrail 
	Vehicle contacts guardrail 


	TR
	Span
	~0.0140 
	~0.0140 

	Vehicle begins to redirect 
	Vehicle begins to redirect 


	TR
	Span
	~0.0160 
	~0.0160 

	Post 13 separates away from rail 
	Post 13 separates away from rail 


	TR
	Span
	~0.1170 
	~0.1170 

	Vehicle traveling parallel with rail 
	Vehicle traveling parallel with rail 


	TR
	Span
	~0.2210 
	~0.2210 

	Vehicle loses contact with guardrail at a trajectory angle of 11.8° and heading angle of 2.7° 
	Vehicle loses contact with guardrail at a trajectory angle of 11.8° and heading angle of 2.7° 



	* Due to technical difficulties with the high-speed cameras, times are approximate. 
	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 173 ft downstream of the impact point and 13 ft toward the field side.  
	5.5 DAMAGE TO TEST INSTALLATION 
	Figure 5.3
	Figure 5.3
	Figure 5.3

	 and 
	Figure 5.4
	Figure 5.4

	 show the damage to the Wyoming box beam shoulder barrier. There was a 0.75-inch gap between the soil and the upstream side of the upstream anchor block, and a 0.5 inch gap between the soil and the downstream side of the downstream anchor block. No movement was observed at posts 1–8, 20–30, and 32–34. The rail was detached from posts 12–16. Posts 9–19 and 31 were leaning toward the field side (see 
	Table 5-2
	Table 5-2

	). The damage near post 31 resulted from a secondary impact of the vehicle with the downstream end of the guardrail installation. The working width was 34.8 inches, and the height of the working width was 28.8 inches. Maximum dynamic deflection during the test was 28.8 inches, and maximum permanent deformation was 11.5 inches.  

	 
	Figure
	Figure 5.3. Barrier after Test No. 610031-01-1. 
	 
	Figure
	Figure 5.4. Damage at Impact Area after Test No. 610031-01-1. 
	Table 5-2. Post Lean for Test No. 610031-01-1. 
	Table
	TR
	Span
	Post No. 
	Post No. 

	Lean* 
	Lean* 


	TR
	Span
	9 
	9 

	89.9° 
	89.9° 


	TR
	Span
	10 
	10 

	89.3° 
	89.3° 


	TR
	Span
	11 
	11 

	84.7° 
	84.7° 


	TR
	Span
	12 
	12 

	73.9° 
	73.9° 


	TR
	Span
	13 
	13 

	25.0° 
	25.0° 


	TR
	Span
	14 
	14 

	23.0° 
	23.0° 


	TR
	Span
	15 
	15 

	15.0° 
	15.0° 


	TR
	Span
	16 
	16 

	25.0° 
	25.0° 


	TR
	Span
	17 
	17 

	82.9° 
	82.9° 


	TR
	Span
	18 
	18 

	88.8° 
	88.8° 


	TR
	Span
	19 
	19 

	89.3° 
	89.3° 


	TR
	Span
	31 
	31 

	31.4° 
	31.4° 



	* 90° is vertical. 
	5.6 VEHICLE DAMAGE 
	Figure 5.5
	Figure 5.5
	Figure 5.5

	 shows the damage sustained by the vehicle. The front bumper, hood, right front fender, right front strut and tower, right front tire and rim, right front and rear doors, right rear quarter panel, rear bumper, and left front fender were damaged. Maximum exterior crush to the vehicle was 7.0 inches in the front plane at the right front corner at bumper height. No occupant compartment deformation or intrusion was observed. 
	Figure 5.6
	Figure 5.6

	 shows the interior of the vehicle. Figure D.2 and Figure D.3 in Appendix D1 provide exterior crush and occupant compartment measurements, respectively. 

	 
	Figure
	Figure 5.5. Test Vehicle after Test No. 610031-01-1. 
	 
	Figure
	Figure 5.6. Interior of Test Vehicle after Test No. 610031-01-1. 
	5.7 OCCUPANT RISK FACTORS 
	Data from the accelerometer, located at the vehicle center of gravity, were digitized for evaluation of occupant risk. 
	Data from the accelerometer, located at the vehicle center of gravity, were digitized for evaluation of occupant risk. 
	Table 5-3
	Table 5-3

	 shows the results. 
	Table 5-4
	Table 5-4

	 and 
	Figure 5.7
	Figure 5.7

	 summarize these data and other pertinent information from the test. Figure D.6 in Appendix D3 shows the vehicle angular displacements, and Figure D.7 through Figure D.12 in Appendix D4 show acceleration versus time traces. 

	Table 5-3. Occupant Risk Factors for Test No. 610031-01-1. 
	Table
	TR
	Span
	Occupant Risk Factor 
	Occupant Risk Factor 

	Value 
	Value 

	Time 
	Time 


	TR
	Span
	OIV, longitudinal 
	OIV, longitudinal 

	14.4 ft/s 
	14.4 ft/s 

	at 0.1130 s on right side of interior 
	at 0.1130 s on right side of interior 


	TR
	Span
	OIV, lateral 
	OIV, lateral 

	19.0 ft/s 
	19.0 ft/s 

	at 0.1130 s on right side of interior 
	at 0.1130 s on right side of interior 


	TR
	Span
	Occupant ridedown accelerations, longitudinal 
	Occupant ridedown accelerations, longitudinal 

	5.7 g 
	5.7 g 

	0.1377–0.1477 s 
	0.1377–0.1477 s 


	TR
	Span
	Occupant ridedown accelerations, lateral 
	Occupant ridedown accelerations, lateral 

	10.4 g 
	10.4 g 

	0.1476–0.1576 s 
	0.1476–0.1576 s 


	TR
	Span
	Theoretical head impact velocity (THIV) 
	Theoretical head impact velocity (THIV) 

	25.5 km/h and 7.1 m/s 
	25.5 km/h and 7.1 m/s 

	at 0.1087 s on right side of interior 
	at 0.1087 s on right side of interior 


	TR
	Span
	Post head deceleration (PHD) 
	Post head deceleration (PHD) 

	11.1 g 
	11.1 g 

	0.1477–0.1577 s 
	0.1477–0.1577 s 


	TR
	Span
	Acceleration severity index (ASI) 
	Acceleration severity index (ASI) 

	0.87 
	0.87 

	0.0560–0.1060 s 
	0.0560–0.1060 s 


	TR
	Span
	Maximum 50-ms moving average, longitudinal 
	Maximum 50-ms moving average, longitudinal 

	−5.6 g 
	−5.6 g 

	0.0271–0.0771 s 
	0.0271–0.0771 s 


	TR
	Span
	Maximum 50-ms moving average, lateral 
	Maximum 50-ms moving average, lateral 

	−7.0 g 
	−7.0 g 

	0.1168–0.1668 s 
	0.1168–0.1668 s 


	TR
	Span
	Maximum 50-ms moving average, vertical 
	Maximum 50-ms moving average, vertical 

	−2.3 g 
	−2.3 g 

	0.1415–0.1915 s 
	0.1415–0.1915 s 


	TR
	Span
	Maximum roll angle 
	Maximum roll angle 

	11° 
	11° 

	0.2060 s 
	0.2060 s 


	TR
	Span
	Maximum pitch angle 
	Maximum pitch angle 

	6° 
	6° 

	1.5000 s 
	1.5000 s 


	TR
	Span
	Maximum yaw angle 
	Maximum yaw angle 

	43° 
	43° 

	1.5000 s 
	1.5000 s 



	 
	Table 5-4. Summary of Results for MASH Test 3-10 on Wyoming Box Beam Shoulder Barrier. 
	Table
	TR
	Span
	Type of Information 
	Type of Information 

	Results 
	Results 


	TR
	Span
	General information 
	General information 

	Test agency ..................................... Texas A&M Transportation Institute 
	Test agency ..................................... Texas A&M Transportation Institute 
	Test standard test no. ....................... MASH Test 3-10 
	TTI test no.  ..................................... 610031-01-1 
	Test date .......................................... 2019-01-11 


	TR
	Span
	Test article 
	Test article 

	Type ................................................ Longitudinal barrier—guardrail 
	Type ................................................ Longitudinal barrier—guardrail 
	Name ............................................... Wyoming box beam shoulder barrier 
	Installation length ............................ 226 ft-10 inches 
	Material or key elements ................. HSS 6×6×3/16–inch rail supported by S3×5.7 posts with soil plates spaced at 72 inches; height 28 inches above grade 


	TR
	Span
	Soil type and condition 
	Soil type and condition 

	Embedded in AASHTO M147-65(2004), grading B soil (crushed limestone) 
	Embedded in AASHTO M147-65(2004), grading B soil (crushed limestone) 


	TR
	Span
	Test vehicle 
	Test vehicle 

	Type/designation ............................. 1100C 
	Type/designation ............................. 1100C 
	Make and model .............................. 2009 Kia Rio 
	Curb................................................. 2500 lb 
	Test inertial ..................................... 2441 lb 
	Dummy ........................................... 165 lb 
	Gross static ...................................... 2606 lb 


	TR
	Span
	Impact conditions 
	Impact conditions 

	Speed ............................................... 63.9 mi/h 
	Speed ............................................... 63.9 mi/h 
	Angle ............................................... 24.6° 
	Location/orientation ........................ 9 ft-9 inches upstream of splice between 14–15 


	TR
	Span
	Impact severity 
	Impact severity 

	58 kip-ft 
	58 kip-ft 


	TR
	Span
	Exit conditions 
	Exit conditions 

	Speed ............................................... Not obtainable 
	Speed ............................................... Not obtainable 
	Trajectory/heading angle ................. 11.8°/2.7° 


	TR
	Span
	Occupant risk values 
	Occupant risk values 

	Longitudinal OIV ............................ 14.4 ft/s 
	Longitudinal OIV ............................ 14.4 ft/s 
	Lateral OIV ..................................... 19.0 ft/s 
	Longitudinal ridedown .................... 5.7 g 
	Lateral ridedown ............................. 10.4 g 
	THIV ............................................... 25.5 km/h 
	PHD................................................. 11.1 g 
	ASI .................................................. 0.87 
	Max. 0.050-s average: 
	Longitudinal ............................... −5.6 g 
	Lateral ........................................ −7.0 g 
	Vertical ...................................... −2.3 g 


	TR
	Span
	Post-impact trajectory 
	Post-impact trajectory 

	Stopping distance ............................ 173 ft downstream, 13 ft toward field side 
	Stopping distance ............................ 173 ft downstream, 13 ft toward field side 


	TR
	Span
	Vehicle stability 
	Vehicle stability 

	Maximum yaw angle ....................... 43° 
	Maximum yaw angle ....................... 43° 
	Maximum pitch angle ..................... 6° 
	Maximum roll angle ........................ 11° 
	Vehicle snagging ............................. No 
	Vehicle pocketing............................ No 


	TR
	Span
	Test article deflections 
	Test article deflections 

	Dynamic .......................................... 28.8 inches 
	Dynamic .......................................... 28.8 inches 
	Permanent ....................................... 11.5 inches 
	Working width ................................ 34.8 inches 
	Height of working width ................. 28.0 inches 


	TR
	Span
	Vehicle damage 
	Vehicle damage 

	VDS................................................. 01RFQ5 
	VDS................................................. 01RFQ5 
	CDC ................................................ 01FREW4 
	Max. exterior deformation............... 7.0 inches 
	OCDI ............................................... RF0000000 
	Max. occupant compartment deformation deformation…None 



	 
	 
	Figure
	Figure 5.7. Summary of Results for MASH Test 3-10 on Wyoming Box Beam Shoulder Barrier. 
	 SUMMARY AND CONCLUSIONS 
	6.1. ASSESSMENT OF TEST RESULTS 
	The crash test reported herein was performed in accordance with MASH Test 3-10, which involves an 1100C vehicle impacting the Wyoming box beam shoulder barrier at a target impact speed and impact angle of 62 mi/h and 25°, respectively. 
	The crash test reported herein was performed in accordance with MASH Test 3-10, which involves an 1100C vehicle impacting the Wyoming box beam shoulder barrier at a target impact speed and impact angle of 62 mi/h and 25°, respectively. 
	Table 6-1
	Table 6-1

	 provides an assessment of the test based on the applicable safety evaluation criteria for MASH Test 3-10 for longitudinal barriers.  

	6.2 CONCLUSIONS 
	The Wyoming box beam shoulder barrier performed acceptably for MASH Test 3-10. The Wyoming box beam shoulder barrier performed acceptably for MASH Test 3-11 under NCHRP Project 22-14(03) (2). Based on the successful outcome of both tests, it is concluded that the Wyoming box beam shoulder barrier is MASH compliant as a TL-3 longitudinal barrier. 
	 
	Table 6-1. Performance Evaluation Summary for MASH Test 3-10 on Wyoming Box Beam Shoulder Barrier. 
	Table
	TR
	Span
	Evaluation Factor 
	Evaluation Factor 

	MASH Test 3-10 Evaluation Criteria 
	MASH Test 3-10 Evaluation Criteria 

	Test Results 
	Test Results 

	Assessment 
	Assessment 


	TR
	Span
	Structural adequacy 
	Structural adequacy 

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

	The Wyoming box beam shoulder barrier contained and redirected the 1100C vehicle. The vehicle did not penetrate, underride, or override the installation. Maximum dynamic lateral deflection during the test was 28.8 inches. 
	The Wyoming box beam shoulder barrier contained and redirected the 1100C vehicle. The vehicle did not penetrate, underride, or override the installation. Maximum dynamic lateral deflection during the test was 28.8 inches. 

	Pass 
	Pass 


	TR
	Span
	Occupant risk 
	Occupant risk 

	D.  Detached elements, fragments, or other debris from the test article should not penetrate or show potential for penetrating the occupant compartment, or present an undue hazard to other traffic, pedestrians, or personnel in a work zone.  
	D.  Detached elements, fragments, or other debris from the test article should not penetrate or show potential for penetrating the occupant compartment, or present an undue hazard to other traffic, pedestrians, or personnel in a work zone.  

	The rail detached from several posts but did not penetrate or show potential for penetrating the occupant compartment, or show hazard to others in the area. 
	The rail detached from several posts but did not penetrate or show potential for penetrating the occupant compartment, or show hazard to others in the area. 

	Pass 
	Pass 


	TR
	Span
	Occupant risk 
	Occupant risk 

	D. Deformations of, or intrusions into, the occupant compartment should not exceed limits set forth in Section 5.2.2 and Appendix E of MASH. 
	D. Deformations of, or intrusions into, the occupant compartment should not exceed limits set forth in Section 5.2.2 and Appendix E of MASH. 

	No deformation or intrusion of the occupant compartment was observed. 
	No deformation or intrusion of the occupant compartment was observed. 

	Pass 
	Pass 


	TR
	Span
	Occupant risk 
	Occupant risk 

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

	The 1100C vehicle remained upright during and after the collision event. Maximum roll and pitch angles were 11° and 6°, respectively. 
	The 1100C vehicle remained upright during and after the collision event. Maximum roll and pitch angles were 11° and 6°, respectively. 

	Pass 
	Pass 


	TR
	Span
	Occupant risk 
	Occupant risk 

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

	Longitudinal OIV was 14.4 ft/s, and lateral OIV was 19.0 ft/s. 
	Longitudinal OIV was 14.4 ft/s, and lateral OIV was 19.0 ft/s. 

	Pass 
	Pass 


	TR
	Span
	Occupant risk 
	Occupant risk 

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

	Longitudinal ridedown acceleration was 5.7 g, and lateral ridedown acceleration was 10.4 g. 
	Longitudinal ridedown acceleration was 5.7 g, and lateral ridedown acceleration was 10.4 g. 

	Pass 
	Pass 


	TR
	Span
	Vehicle trajectory 
	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. 
	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. 
	The 1100C vehicle exited within the exit box criteria. 

	Documenta-tion only 
	Documenta-tion only 



	Note: Test agency: TTI, test no.: 610031-01-1, test date: 2019-01-11.
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	Figure
	APPENDIX A. DETAILS OF THE WYOMING BOX BEAM SHOULDER BARRIER 
	APPENDIX A. DETAILS OF THE WYOMING BOX BEAM SHOULDER BARRIER 
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	APPENDIX B. SUPPORTING CERTIFICATION DOCUMENTS 
	 
	Figure
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	Figure
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	Figure
	Date ...........................................................................................  
	Date ...........................................................................................  
	Date ...........................................................................................  
	Date ...........................................................................................  

	2008-11-05 
	2008-11-05 


	Test facility and site location.....................................................  
	Test facility and site location.....................................................  
	Test facility and site location.....................................................  

	TTI Proving Ground, 3100 SH 47, Bryan, TX 77807 
	TTI Proving Ground, 3100 SH 47, Bryan, TX 77807 


	In-situ soil description (ASTM D2487) ....................................  
	In-situ soil description (ASTM D2487) ....................................  
	In-situ soil description (ASTM D2487) ....................................  

	Sandy gravel with silty fines 
	Sandy gravel with silty fines 


	Fill material description (ASTM D2487) and sieve analysis ....  
	Fill material description (ASTM D2487) and sieve analysis ....  
	Fill material description (ASTM D2487) and sieve analysis ....  

	AASHTO Grade B soil-aggregate (see sieve analysis above) 
	AASHTO Grade B soil-aggregate (see sieve analysis above) 


	Description of fill placement procedure ....................................  
	Description of fill placement procedure ....................................  
	Description of fill placement procedure ....................................  

	6-inch lifts tamped with a pneumatic compactor 
	6-inch lifts tamped with a pneumatic compactor 


	Bogie weight .............................................................................  
	Bogie weight .............................................................................  
	Bogie weight .............................................................................  

	5009 lb 
	5009 lb 


	Impact velocity ..........................................................................  
	Impact velocity ..........................................................................  
	Impact velocity ..........................................................................  

	20.5 mi/h 
	20.5 mi/h 



	APPENDIX C. SOIL PROPERTIES 
	APPENDIX C. SOIL PROPERTIES 
	Figure

	Figure C.1. Summary of Strong Soil Test Results for Establishing Installation Procedure. 
	 
	Figure
	Date ...........................................................................................  
	Date ...........................................................................................  
	Date ...........................................................................................  
	Date ...........................................................................................  

	2019-01-11 
	2019-01-11 


	Test facility and site location.....................................................  
	Test facility and site location.....................................................  
	Test facility and site location.....................................................  

	TTI Proving Ground, 3100 SH 47, Bryan, TX 77807 
	TTI Proving Ground, 3100 SH 47, Bryan, TX 77807 


	In-situ soil description (ASTM D2487)  ...................................  
	In-situ soil description (ASTM D2487)  ...................................  
	In-situ soil description (ASTM D2487)  ...................................  

	Sandy gravel with silty fines 
	Sandy gravel with silty fines 


	Fill material description (ASTM D2487) and sieve analysis ....  
	Fill material description (ASTM D2487) and sieve analysis ....  
	Fill material description (ASTM D2487) and sieve analysis ....  

	AASHTO Grade B soil-aggregate (see sieve analysis) 
	AASHTO Grade B soil-aggregate (see sieve analysis) 


	Description of fill placement procedure ....................................  
	Description of fill placement procedure ....................................  
	Description of fill placement procedure ....................................  

	6-inch lifts tamped with a pneumatic compactor 
	6-inch lifts tamped with a pneumatic compactor 



	Figure C.2. Test Day Static Soil Strength Documentation for Test No. 610031-01-1. 
	 
	APPENDIX D. MASH TEST 3-10 (CRASH TEST NO. 610031-01-1) 
	D1 VEHICLE PROPERTIES AND INFORMATION 
	 
	Figure
	Figure D.1. Vehicle Properties for Test No. 610031-01-1. 
	 
	Figure
	Figure D.2. Exterior Crush Measurements for Test No. 610031-01-1. 
	 
	Figure
	Figure D.3. Occupant Compartment Measurements for Test No. 610031-01-1. 
	D2 SEQUENTIAL PHOTOGRAPHS* 
	* Due to technical difficulties with the high-speed cameras, times are approximate. 
	* Due to technical difficulties with the high-speed cameras, times are approximate. 

	 
	Figure
	Figure D.4. Sequential Photographs for Test No. 610031-01-1 (Overhead and Frontal Views). 
	 
	Figure
	Figure D.4. Sequential Photographs for Test No. 610031-01-1 (Overhead and Frontal Views) (Continued). 
	 
	Figure
	Figure D.5. Sequential Photographs for Test No. 610031-01-1 (Rear View). 
	 
	Figure
	D3 VEHICLE ANGULAR DISPLACEMENTS 
	D3 VEHICLE ANGULAR DISPLACEMENTS 
	Figure

	Figure D.6. Vehicle Angular Displacements for Test No. 610031-01-1. 
	 
	Figure
	D4 VEHICLE ACCELERATIONS 
	D4 VEHICLE ACCELERATIONS 
	Figure

	Figure D.7. Vehicle Longitudinal Accelerometer Trace for Test No. 610031-01-1  (Accelerometer Located at Center of Gravity). 
	 
	Figure
	Figure D.8. Vehicle Lateral Accelerometer Trace for Test No. 610031-01-1  (Accelerometer Located at Center of Gravity). 
	 
	Figure
	Figure D.9. Vehicle Vertical Accelerometer Trace for Test No. 610031-01-1  (Accelerometer Located at Center of Gravity). 
	 
	Figure
	Figure D.10. Vehicle Longitudinal Accelerometer Trace for Test No. 610031-01-1  (Accelerometer Located Rear of Center of Gravity). 
	 
	Figure
	Figure D.11. Vehicle Lateral Accelerometer Trace for Test No. 610031-01-1  (Accelerometer Located Rear of Center of Gravity). 
	 
	Figure
	Figure D.12. Vehicle Vertical Accelerometer Trace for Test No. 610031-01-1  (Accelerometer Located Rear of Center of Gravity). 


