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DISCLAIMER

The contents of this report reflect the views of the authors, who are solely responsible for
the facts and accuracy of the data, and the opinions, findings, and conclusions presented herein.
The contents do not necessarily reflect the official views or policies of the Roadside Safety
Research Pooled Fund, The Texas A&M University System, or Texas A&M Transportation
Institute. This report does not constitute a standard, specification, or regulation. In addition, the
abowve listed agencies/ companies assume no liability for its contents or use thereof. The names of
specific products or manufacturers listed herein do not imply endorsement of those products or
manufacturers.

The results reported herein apply only to the article tested. The full-scale crash tests were
performed according to TTI Proving Ground quality procedures and according to the MASH
guidelines and standards.

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

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

APPROXIMATE CONVERSIONS TO SIUNITS

Symbol | When You Know | Multiply By | To Find | Symbol
LENGTH
in inches 254 millimeters mm
ft feet 0.305 meters m
yd yards 0.914 meters m
mi miles 1.61 kilometers km
AREA
in? square inches 645.2 square millimeters mm?
ft2 square feet 0.093 square meters m?
yd? square yards 0.836 square meters m?
ac acres 0.405 hectares ha
mi? square miles 2.59 square kilometers km?2
VOLUME
fl oz fluid ounces 29.57 milliliters mL
gal gallons 3.785 liters L
ft® cubic feet 0.028 cubic meters m3
yd3 cubicyards 0.765 cubic meters m3
NOTE: volumes greaterthan 1000L shall be shownin m3
MASS
0z ounces 28.35 grams g
Ib pounds 0.454 kilograms kg
T shorttons (2000 Ib) 0.907 megagrams (or metricton”) 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
Ibffin? poundforce persquare inch 6.89 kilopascals kPa
APPROXIMATE CONVERSIONS FROM SIUNITS
Symbol | When You Know | Multiply By | To Find | Symbol
LENGTH
mm millimeters 0.039 inches in
m meters 3.28 feet ft
m meters 1.09 yards yd
km kilometers 0.621 miles mi
AREA
mm? square millimeters 0.0016 squareinches in?
m? square meters 10.764 square feet ft?
m? square meters 1.195 square yards yd?
ha hectares 2.47 acres ac
km? Square kilometers 0.386 square miles mi?
VOLUME
mL milliliters 0.034 fluid ounces 0z
L liters 0.264 gallons gal
m3 cubic meters 35.314 cubic feet ft
m3 cubic meters 1.307 cubicyards yd3
MASS
g grams 0.035 ounces 0z
kg kilograms 2.202 pounds Ib
Mg (or “t”) megagrams (or “metricton”) 1.103 shorttons (20001b) T
TEMPERATURE (exact degrees)
°C Celsius 1.8C+32 Fahrenheit °F
FORCE and PRESSURE or STRESS
N newtons 0.225 poundforce Ibf
kPa kilopascals 0.145 poundforce per square inch Ib/in?

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

1.1 PROBLEM

With the adoption of the American Association of State Highway Transportation Officials
(AASHTO)/Federal Highway Administration (FHWA) Joint Implementation Agreement for Manual
for Assessing Safety Hardware (MASH) in 2015, originally all transition systems for projects on the
National Highway system (NHS) advertised for construction after December 31, 2019 must have
been evaluated using the 2016 edition of MASH. (1, 2) At a later date, the original agreement was
modified to allow States to specify MASH 2009-compliance of National Cooperative Highway
Research Program (NCHRP) Report 350-compliant devices for cases where the State is awaiting
completion of MASH-2016 testing for a specific device, among other limited situations. In order to
comply with this requirement, Connecticut Department of Transportation (CTDOT) proposed to
review and crash test a guardrail transition from a 32-inch weak post guardrail system to the 31-inch
strong post MGS (with 8-inch blockouts) according to the new MASH requirements.

1.2 BACKGROUND

The Pennsylvania DOT (PennDOT) G2 weak post W-Beam guardrail system was tested
in 2009 with MASH Test 3-11 (2270P test), and in 2017 with MASH 2016 Test 3-10 (1100C
test). (3, 4) The system was comprised of a 32-inch tall W-beam guardrail system utilizing
PennDOT Type 2-W S3x5.7 guardrail posts, each 63 inches in length, with a %—inch x 8-inch x
24-inch soil plate on posts within the length of need (LON). Posts within the LON were equally
spaced at 12 ft-6 inches. Standard 12-gauge W-beam guardrail was used in the system.

The PennDOT G2 weak post W-Beam system met the crash test and evaluation criteria of
the AASHTO’s MASH and was issued FHWA Eligibility Letter B-305, based on the review of
the crash test results and certifications submitted.

CTDOT was interested in including this guardrail system within its standards as an
available roadside safety system. The CTDOT’s safety engineers have been encouraging
deployment of flexible roadside safety devices to reduce the crash severity level of injuries.
However, prior to adding this system to the CTDOT standards, it was necessary to have a MASH
compliant transition system from the MGS weak post system to the MGS strong post (with 8-
inch deep wood blockouts) guardrail.

When implemented in field, all W-beam end terminals and bridge transitions attach to a
strong post MGS guardrail system. Therefore, any time a weak post guardrail system is installed
it will need to transition to a strong post system. Therefore, there was an urgent need to develop
and evaluate a MASH-approved transition guardrail system that would safely allow transitioning
from a weak post MGS system to a strong post MGS system.

CTDOT already has details for a guardrail system to transition from a 32-inch weak post
to a 28-inch strong post guardrail system. However, CTDOT proposed to conduct a research and
testing study to review and update system details to allow for MGS compatibility and guardrail
height preferences.
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1.3  OBJECTIVE

The research objectives were to

1. Develop adesign for a guardrail transition from a 32-inch weak post guardrail system
to the 31-inch strong post MGS (with 8-inch wood blockouts),

Perform full-scale MASH Tests 3-21 and 3-20 on the proposed transition system, and

Evaluate the performance of the proposed transition system per required MASH
evaluation criteria.

This report provides details of a guardrail transition from the 32-inch tall MGS weak post
system to the MGS strong post system, detailed documentation of the crash tests and results, and
an assessment of the performance of the transition for MASH Test Level 3 (TL-3) transition
evaluation criteria.
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Chapter 2. SYSTEM DETAILS

2.1. TEST ARTICLE AND INSTALLATION DETAILS

The test installation consisted of a weak post section, a strong post section, a transition
section between the weak and strong post sections, and a terminal on each end. Posts in the weak
post section (posts 3 through 14) were 32 inches to the top of the W-beam. Posts in the strong
post section (posts 21 through 32) were 31 inches to the top of the W-beam. The transition
section of the guardrail was between posts 14 and 21.

Posts 3 through 19 were 5-ft 5-inch long S3x5.7 weak posts (PSE03), embedded
33 inches deep into the soil.

Posts 20 through 32 were 6-ft long W6x%8.5 strong posts (PWEOQ1), embedded 40 inches
deep into the soil. Nominally 8-inch deep timber blockouts (PDB-01b) were installed using
10-inch long guardrail bolts and recessed guardrail nuts (FBBO03).

A Texas Department of Transportation (TXDOT) downstream anchor terminal (DAT)
[GF (31) DAT-14], 9 ft-4% inches long, was installed on each end (i.e. Posts 1 and 2 and
Posts 33 and 34)

The total installation length was 265 ft-7%% inches. Post spacing was as follows: Posts 3 to
14 at 12 ft-6 inches (150 inches); Posts 14-15-16 at 75 inches; Posts 16 to 20 at 37% inches; and
Posts 20 to 32 at 75 inches.

Standard 12-gauge, 2-space W-beam guardrail (type RWMO02a) was connected to posts 3
through 13. A section of standard 12-gauge W-beam guardrail measuring 9 ft-4% inches long
was connected to post 14. Standard 12-gauge, 4-space W-beam guardrail (type RWMO04a) was
connected to posts 15 through 32. W-beam rail joints were between posts, with the exception of
post 17.

The posts were installed in drilled holes that were backfilled and compacted with soil
meeting Grading B of AASHTO standard specification M147-65(2004) “Materials for
Aggregate and Soil Aggregate Subbase, Base and Surface Courses” (see Section 2.4).

Figure 2.1 presents overall information on the guardrail transition from the 32-inch tall
weak post guardrail system to the MGS strong post system, and Figures 2.2 through 2.4 provide
photographs of the installation. Appendix A provides further details of the transition section.
2.2. DESIGN MODIFICATIONS DURING TESTS

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

2.3. MATERIAL SPECIFICATIONS

Appendix B provides material certification documents for the materials used to
install/construct the guardrail transition from a 32-inch tall weak post guardrail system to the
MGS strong post system.
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Figure 2.2. Guardrail Transition from 32-inch Tall MGS Weak Post System to MGS Strong
Post System prior to Testing.

Figure 2.3. Transition prior to Testing.
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Figure 2.4. MGS Strong Post System prior to Testing.

2.4. SOIL CONDITIONS

In accordance with Appendix B of MASH, soil strength was measured the day of the
crash test. During installation of the transition for full-scale crash testing, two 6-ft long W6x16
posts were installed in the immediate vicinity of the transition using the same fill materials and
installation procedures used in the test installation and the standard dynamic test. Table C.11in
Appendix C presents minimum soil strength properties established through the dynamic testing
performed in accordance with MASH Appendix B (2).

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

On the day of the first test (612051-03-1), October 7, 2019, measured loads on the post at
deflections of 5 inches, 10 inches, and 15 inches were 10,499 Ibf, 9569 Ibf, and 8674 Ibf. On the
day of the second test (612051-02-1), November 5, 2019, loads on the post at deflections of
5 inches, 10 inches, and 15 inches were 10,567 Ibf, 10,877 Ibf, and 10,808 Ibf.

Tables C.2and C.3 in Appendix C show that the strength of the backfill material, in
which the transition was installed, met minimum MASH requirements.
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Chapter 3. TEST REQUIREMENTSAND EVALUATION CRITERIA

3.1. CRASH TEST PERFORMED / MATRIX

Table 3.1 shows the test conditions and evaluation criteria required by MASH TL-3 for
transitions. The critical impact points (CIPs) of the transition were determined using BARRIER
VII simulations. BARRIER VII is a program developed for predicting deflections of barriers.
Computer simulations were performed with BARRIER VII by varying impact locations along
the barrier for the 1100C impact and 2270P impact. The selected CIPs were the impact locations
that resulted in the highest deflection of the barrier and the highest tension in the barrier rail.
Figures 3.1 and 3.2 show the proposed target CIPs for each test.

Table 3.1. Test Conditions and Evaluation Criteria Specified for MASH TL-3

Transitions.
, L . Impact Conditions _ o
Test Article | Test Designation | Test Vehicle Evaluation Criteria
Speed | Angle
320 1100C 62mih | 25° AD.FH |
" (optional test) (see Table 3.3)
Transition N
3-21 2270P 62 mi/h 25° S
(see Table 3.3)
12-6"
-a——Post 14
15 13 12 11 10 9 8 7 6 5 4 3
u=|\_i.()(J ] - .
\\\
- [
T 25.0

Figure 3.1. Target CIP for MASH Test 3-20 on Guardrail Transition from 32-inch tall
MGS Weak Post Guardrail Systemto MGS Strong Post System.

— 83"
& Post 14
15 13 12 1 10 9 8 7 6 5 4 3

Figure 3.2. Target CIP for MASH Test 3-21 on Guardrail Transition from 32-inch tall
MGS Weak Post System to MGS Strong Post System.
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Consideration was also given to the reverse direction impact. The worst-case scenario
impact for Tests 3-10and 3-11 were compared for the impact direction shown in Figures 3.1 and
3.2 and the reverse direction impact. Table 3.2 compares the maximum deflection, rail tension,
and vehicle pocketing values from the critical computer simulations. Based on the results
observed in the computer simulations, the reverse direction impact was determined to be non-
critical and crash tests were not needed to evaluate the system in the opposite impact direction.

Table 3.2. Barrier VII Computer Simulation Primary and Reverse Direction

Comparison.
Maximum Deflection | Maximum Tension Vehicle Pocketing
(inches) (kips) Angle (rad.)

Primary Impact Direction

Test3-10 38.1 74.5 0.18

Test3-11 62.4 89.8 0.17
Reverse Direction

Test3-10 334 73.8 0.17

Test3-11 48.9 89.7 0.17

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

3.2. EVALUATION CRITERIA

The appropriate safety evaluation criteria from Tables 2-2 and 5-1 of MASH were used to
evaluate the crash tests reported herein. The test conditions and evaluation criteria required for
MASH TL-3 transitions are listed in Table 3.1, and the substance of the evaluation criteria in
Table 3.3. An evaluation of the crash test results is presented in detail under the section
Assessment of Test Results.
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Table 3.3. Evaluation Criteria Required for MASH TL-3 Transitions.

Evaluation
Factors

Evaluation Criteria

Structural
Adequacy

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

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.

Occupant
Risk

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

Occupant impact velocities (O1V) should satisfy the following limits: Preferred
value of 30 ft/s, or maximum allowable value of 40 ft/s.

The occupant ridedown accelerations should satisfy the following: Preferred value
of 15.0 g, or maximum allowable value of 20.49 g.
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Chapter 4. TEST CONDITIONS

41. TEST FACILITY

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

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

42  VEHICLE TOW AND GUIDANCE SYSTEM

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

43 DATA ACQUISITION SYSTEMS

4.3.1 Vehicle Instrumentation and Data Processing

Each test vehicle was instrumented with a self-contained, on-board data acquisition
system. The signal conditioning and acquisition system is a 16-channel, Tiny Data Acquisition
System (TDAS) Pro produced by Diversified Technical Systems, Inc. The accelerometers, which
measure the X, y, and z axis of vehicle acceleration, are strain gauge type with linear millivolt
output proportional to acceleration. Angular rate sensors, measuring vehicle roll, pitch, and yaw
rates, are ultra-small, solid state units designed for crash test service. The TDAS Pro hardware
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and software conform to the latest SAE J211, Instrumentation for Impact Test. Each of the 16
channels is capable of providing precision amplification, scaling, and filtering based on
transducer specifications and calibrations. During the test, data are recorded from each channel at
a rate of 10,000 samples per second with a resolution of one part in 65,536. Once data are
recorded, internal batteries back these up inside the unit should the primary battery cable be
severed. Initial contact of the pressure switch on the vehicle bumper provides a time zero mark
and initiates the recording process. After each test, the data are downloaded from the TDAS Pro
unit into a laptop computer at the test site. The Test Risk Assessment Program (TRAP) software
then processes the raw data to produce detailed reports of the test results.

Each of the TDAS Pro units is returned to the factory annually for complete recalibration
and all instrumentation used in the vehicle conforms to all specifications outlined by SAE J211.
All accelerometers are calibrated annually by means of an ENDEVCO® 2901, precision primary
vibration standard. This standard and its support instruments are checked annually and receive a
National Institute of Standards Technology (NIST) traceable calibration. The rate transducers
used in the data acquisition system receive a calibration via a Genisco Rate-of-Turn table. The
subsystems of each data channel are also evaluated annually, using instruments with current
NIST traceability, and the results are factored into the accuracy of the total data channel, per
SAE J211. Calibrations and evaluations are also made any time data are suspect. Acceleration
data are measured with an expanded uncertainty of £1.7 percent at a confidence factor of 95
percent (k=2).

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

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

4.3.2 Anthropomorphic Dummy Instrumentation

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

According to MASH, use of a dummy in the 2270P vehicle is optional, and no dummy
was used in the test.
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4.3.3 Photographic Instrumentation Data Processing

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

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

e One placed behind the installation at an angle; and

e Athird placed to have afield 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 transition. The flashbulb was visible from each camera.
The video files from these digital high-speed cameras were analyzed to observe phenomena
occurring during the collision and to obtain time-event, displacement, and angular data. A digital
camera recorded and documented conditions of each test vehicle and the installation before and

after the test.
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Chapter 5. MASH TEST 3-21 (CRASHTEST NO. 612051-02-1)

5.1  TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS

MASH Test 3-11 involves a 2270P vehicle weighing 5000 Ib £110 Ib impacting the CIP
of the transition at an impact speed of 62 mih £2.5 mi/h and an angle of 25° £1.5°. The CIP for
MASH Test 3-21 on the guardrail transition from the 32-inch tall MGS weak post system to the
MGS strong post system was 8.3 ft +1 ft downstream of post 14 (see Figures 3.2 and 5.1).

Figure 5.1. Transition/Test Vehicle Geometrics for Test No. 612051-02-1.

The 2014 RAM 1500 pickup truck used in the test weighed 5005 Ib, and the actual
impact speed and angle were 63.2 mi/h and 25.3°. The actual impact point was 8.3 ft downstream
of post 14. Minimum target IS was 106 Kip-ft, and actual 1S was 122 Kip-ft.

52  WEATHER CONDITIONS

The test was performed on the morning of November 5, 2019. Weather conditions at the
time of testing were as follows: wind speed: 1 mi‘h; wind direction: 175° (vehicle was traveling
at magnetic heading of 205°); temperature: 75°F; relative humidity: 87 percent.

5.3  TEST VEHICLE

Figure 5.2 shows the 2014 RAM 1500 pickup truck used for the crash test. The vehicle’s
test inertia weight was 5005 Ib, and its gross static weight was 5005 Ib. The height to the lower
edge of the vehicle bumper was 11.75 inches, and height to the upper edge of the bumper was
27.0 inches. The height to the vehicle’s center of gravity was 28.1 inches. Tables D.1and D.2 in
Appendix D1 give additional dimensions and information on the vehicle. The vehicle was
directed into the installation using a cable reverse tow and guidance system, and was released to
be freewheeling and unrestrained just prior to impact.
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Figure 5.2. Test Vehicle before TestNo. 612051-02-1.

54  TEST DESCRIPTION

Table 6.1 lists events that occurred during Test No. 612051-02-1. Figures D.1 and D.2 in
Appendix D2 present sequential photographs during the test.

Table 5.1. Events during Test No. 612051-02-1.

TIME (s) | EVENTS
0.000 Vehicle contacts transition traveling at 63.2 mi/h and 25.3°
0.016 Post 15 and 16 begin to deflect toward field side
0.029 Post 17 begins to deflect toward field side
0.035 Post 18 begins to deflect toward field side
0.062 Vehicle begins to redirect
0.241 Rail element releases from post 15
0.266 Vehicle traveling parallel with transition barrier
0.279 Rail element released form post 14

0.724 Vehicle loses contact with transition barrier while traveling at 35.5 mi‘h
' with a heading of 12.3° and a trajectory of 19.5°

For longitudinal barriers, it is desirable that the vehicle redirects and exits the barrier
within the exit box criteria (not less than 32.8 ft downstream from loss of contact for cars and
pickups). The test vehicle exited within the exit box criteria defined in MASH. Brakes on the
vehicle were applied at 2.3 s after impact, and the vehicle subsequently came to rest 193 ft
downstream of the impact and 37 ft toward traffic lanes.

5.5 DAMAGE TO TEST INSTALLATION

Figures 5.3 through 5.7 show the damage to the transition. There was a % inch gap in the
soil at the upstream side of post 1 and the rail was pulled down 3 inches from its original height.
The soil was disturbed around post 2 and the rail was released from the post. Posts 3 through 6
were leaning downstream 87° from vertical. Posts 7 and 8 were leaning downstream 86° from
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vertical. Posts 9, 10, 11, and 12 were leaning 85° downstream from vertical. Post 13 was leaning
at 77° downstream and 80° toward the field side from vertical. Post 14 was leaning 65°
downstream and back toward the field side from vertical. Post 15 was leaning 56° downstream
and rotated toward the field side from vertical. Posts 16 through 22 were leaning downstream
and toward the field side at 24° from vertical. There was slight soil disturbance at post 34. The

rail released from posts 10 through 23. The rail element had a partial tear on the field side of the
splice between posts 20 and 21.

Working width® was 65.5 inches, and height of working width was 54.2 inches.
Maximum dynamic deflection during the test was 57.2 inches, and maximum permanent
deformation was 31.0 inches.

Figure 5.3. Transition after Test No. 612051-02-1.

Figure 5.4. Posts 14 through 16 after Test No. 612051-02-1.

" Working width is measured from the pre-impact traffic-side face of the barrier. It includes the total barrier width

plus the maximum intrusion of any significant portion of the barrier or testvehicle pastthe field side edge of the
barrier.
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Figure 5.7. Partial Tear of Rail Element after Test No. 612051-02-1.
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5.6 VEHICLE DAMAGE

Figure 5.8 shows the damage sustained by the vehicle. The front bumper, grill, right front
tire, right front fender, right front and rear doors, right lower cab corner, right rear exterior bed,
and rear bumper were damaged. No fuel tank damage was observed. Maximum exterior crush to
the vehicle was 9.0 inches in the front and side planes at the right front corner at bumper height.
No occupant compartment deformation or intrusion was observed. Figure 5.9 shows the interior
of the vehicle. Tables D.3 and D.4 in Appendix D1 provide exterior crush and occupant
compartment measurements.

Figure 5.9. Interior of TestVehicle after Test No. 612051-02-1.

5.7  OCCUPANT RISK FACTORS

Data from the accelerometers were digitized for evaluation of occupant risk, and the
results are shown in Table 5.2. Figure D.3 in Appendix D3 shows the vehicle angular
displacements, and Figures D.4 through D.6 in Appendix D4 show acceleration versus time
traces. Figure 6.10 summarizes pertinent information from the test.
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Table 5.2. Occupant Risk Factors for Test No. 612051-02-1.

Occupant Risk Factor Value Time
Occupant Impact Velocity (O1V)
Longllfl;?:::: ing Ittg at0.1638 s on right side of interior
Occupant Ridedown Accelerations
Longitudinal |6.1¢ 0.4128 - 0.4228 s
Lateral |6.5¢ 0.2710 - 0.2810 s
Theoretical Head Impact Velocity (THIV) | 23.4km/h | at0.1568 s on right side of interior
Acceleration Severity Index (ASI) |0.65 0.2827 - 0.3327 s
Maximum 50-ms Moving Average
Longitudinal |-4.1g 0.1108 - 0.1608 s
Lateral |-5.5¢ 0.2533 - 0.3033 s
Vertical |1.5¢g 0.4248 - 0.4748 s
Maximum Roll, Pitch, and Yaw Angles
Roll |5° 0.6906 s
Pitch |2° 0.4455 s
Yaw [41° 0.4990 s
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Test Standard Test No........ MASH Test 3-21 Angle......ccoooeiines 25.3°
TTITeStNO. .ooovveiiieiiiiens 612051-02-1 Location/Orientation............ 8.3 ftupstreamof
TestDate .......ccceercveeiiinens 2019-11-05 post14

Test Article Impact Severity.......cccoeeeenne 122 kip-ft
TYPE.oiiiiiiiciiieie e Transition Exit Conditions
Name ..., Transition from32- inch w eak post MGS Speed......cooovieiiiiiiieiee 35.5 mith

to strong post MGS system

Installation Length............... 265 ft-7 Y2inches
Material or Key Bements....

inches deep

Soil Type and Condition...... AASHTO M147-65(2004), grading B Soil

(crushed limestone), Dry
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Type/Designation................ 2270P
Make and Model ... .... 2014 RAM 1500 pickup
... 4958 Ib
.. 5005 Ib
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Lateral Ridedow n................ 6.5g

23.4 km/h
0.65
Max. 0.050-s Average
Longitudinal -4.19
Lateral.......... -5.5¢
Vertcal ......cooceneeinnnnne 15g

Post-Impact Trajectory
Stopping Distance .................... 193 ft dow nstream
37 fttw d traffic lanes
Vehicle Stability

MaximumYaw Angle................. 41°
Maximum Pitch Angle................ 2°
Maximum Roll Angle.... . 5°
Vehicle Snagging...... ... No
Vehicle Pocketing...........cccceee. No
Test Article Deflections
DYynamiC ......cceoverveeeenieeieeienes 57.2 inches
Permanent .... 31.0inches
Working Width ...........ccoovrnenen. 65.5 inches
Height of Working Width............ 54.2 inches
Vehicle Damage
VDSt 01RFQ3
CDC..oiiieieene e 01FREW3
Max. Exterior Deformation......... 9.0 inches
OCDI .ot FR0O000000
Max. Occupant Compartment
Deformation..........c.cceevvrvennen. None

Figure 5.10. Summary of Results for MASH Test 3-21 on Guardrail Transition from 32-inch Tall MGS Weak Post System to

the MGS Strong Post System.
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Chapter 6. MASH TEST 3-20 (CRASHTEST NO. 612051-03-1)

6.1 TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS

MASH Test 3-20 involves an 1100C vehicle weighing 2420 Ib +55 Ib impacting the CIP
of the transition at an impact speed of 62 mi/h £2.5 mi/h and an angle of 25° £1.5°. The CIP for
MASH Test 3-20 on the guardrail transition from the 32-inch tall MGS weak post system to the
MGS strong post system was 12.5 ft 1 ft downstream of post 14 (see Figures 3.1 and 6.1).

Figure 6.1. Transition/Test Vehicle Geometrics for Test No. 612051-03-1.

The 2009 Kia Rio™ used in the test weighed 2426 Ib, and the actual impact speed and
angle were 62.6 mi/h and 25.0°. The actual impact point was 12.3 ft downstream of post 14.
Minimum target impact severity (IS) was 51 Kip-ft, and actual IS was 57 Kip-ft.

6.2 WEATHER CONDITIONS

The test was performed on the morning of October 7, 2019. Weather conditions at the
time of testing were as follows: wind speed: 8 mi‘h; wind direction: 346° (vehicle was traveling
at magnetic heading of 205°); temperature: 72°F; relative humidity: 71 percent.

6.3 TEST VEHICLE

Figure 6.1 shows the 2009 Kia Rio used for the crash test. The vehicle’s test inertia
weight was 2426 Ib, and its gross static weight was 2591 Ib. The height to the lower edge of the
vehicle bumper was 7.75 inches, and height to the upper edge of the bumper was 21.5 inches.
Table E.1 in Appendix E1 gives additional dimensions and information on the vehicle. The
vehicle was directed into the installation using 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.

TR No. 612051-4 23 2020-03-31



Figure 6.2. Test Vehicle before TestNo. 612051-03-1.

6.4  TEST DESCRIPTION

Table 6.1 lists events that occurred during Test No. 612051-03-1. Figures E.1 and E.2 in
Appendix E2 present sequential photographs during the test.

Table 6.1. Events during Test No. 612051-03-1.

TIME (s) | EVENTS
0.0000 | Vehicle contacts transition traveling at 62.6 mi/h and 25.0°
0.0070 | Post 16 and 17 begin to deflect toward field side
0.0150 | Right front tire contacts post 16
0.0190 | Post 15 and 18 begin to deflect toward field side
0.0340 | Post 19 begins to rotate and deflect toward field side
0.0400 | Vehicle begins to redirect
0.0460 | Post 20 begins to rotate and deflect toward field side
0.1230 | Right front tire leaves the ground
0.1780 | Right rear tire leaves the ground
0.2720 | Vehicle traveling parallel with test article
0.5110 | Vehicle loses contact with transition barrier while traveling 28.9 mi/h,
trajectory of 16.5°, and heading of 11.3°

For longitudinal barriers, it is desirable that the vehicle redirects and exits the barrier
within the exit box criteria (not less than 32.8 ft downstream from loss of contact for cars and
pickups). The test vehicle exited within the exit box criteria defined in MASH. Brakes on the
vehicle were not applied until the vehicle exited the test side. The vehicle subsequently came to
rest 155 ft downstream of the impact and 92 ft toward traffic lanes.

6.5 DAMAGE TO TEST INSTALLATION

Figure 6.3 shows the damage to the transition. The soil was disturbed around post 1, and
it was pulled downstream 0.125 inches at ground level. The rail sustained a partial tear at the bolt
at post 2. The rail element released from posts 15 through 21, and the blockouts released from
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posts 20 and 21. Posts 7 through 14 were leaning downstream between 86 and 88.6°. Post 15 was
leaning toward the field side at 83.7°, posts 16 through 21 were leaning toward the field side at
approximately 5° and downstream approximately 20°, and post 22 was leaning toward the
downstream at 86.6°. Working width™ was 37.9 inches, and height of working width was

40.0 inches. Maximum dynamic deflection during the test was 34.9 inches, and maximum
permanent deformation was 27.0 inches.

Figure 6.3. Transition after Test No.612051-03-1.

* Working width is measured from the pre-impact traffic-side face of the barrier. It includes the total barrier width
plus themaximum intrusion of any significant portion of the barrier or test vehicle pastthe field side edge of the
barrier.
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6.6 VEHICLE DAMAGE

Figure 6.4 shows the damage sustained by the vehicle. The front bumper, radiator and
support, right front tire and rim, right front floor pan, right front strut and tower, right front
fender, right front and rear doors, and right rear quarter panel were damaged. No fuel tank
damage was observed. Maximum exterior crush to the vehicle was 10.0 inches in the front plane
at the right front corner at bumper height. Maximum occupant compartment deformation was 1.0
inch in the right front toe pan. Figure 6.5 shows the interior of the vehicle. Tables E.3 and E.4 in
Appendix E1 provide exterior crush and occupant compartment measurements.

6.7 OCCUPANT RISK FACTORS

Data from the accelerometers were digitized for evaluation of occupant risk, and the
results are shown in Table 6.2. Figure E.3 in Appendix E3 shows the vehicle angular
displacements, and Figures E.4 through E.6 in Appendix E4 show acceleration versus time
traces. Figure 5.6 summarizes pertinent information from the test.

— / — i

Figure 6.5. Interior of Test Vehicle after Test No. 612051-03-1.
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Table 6.2. Occupant Risk Factors for Test No. 612051-03-1.

Occupant Risk Factor Value Time
Occupant Impact Velocity (O1V)
Longllfl;?:::: ié? Ittg at0.1342 s on right side of interior
Occupant Ridedown Accelerations
Longitudinal |9.7 g 0.1703 - 0.1803 s
Lateral |7.9¢g 0.2562 - 0.2662 s
Theoretical Head Impact Velocity (THIV) | 8.0 m/s at 0.1288 s on right side of interior
Acceleration Severity Index (ASI) [0.77 0.1131 - 0.1631 s
Maximum 50-ms Moving Average
Longitudinal |-6.7 g 0.0917 - 0.1417 s
Lateral |-5.5¢ 0.1674 - 0.2174 s
Vertical |-3.3¢g 0.1950 - 0.2450 s
Maximum Roll, Pitch, and Yaw Angles
Roll |12° 0.2457 s
Pitch |5° 0.4377 s
Yaw |52° 1.5000 s
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Chapter 7. SUMMARY AND CONCLUSIONS

7.1  ASSESSMENT OF TEST RESULTS

An assessment of each test based on the applicable safety evaluation criteria for MASH
TL-3 transitions is provided below and in Tables 7.1 and 7.2.

7.1.1 MASH Test 3-20 (Crash TestNo. 612051-03-1)

The transition contained and redirected the 1100C vehicle. The vehicle did not penetrate,
underride, or override the installation. Maximum dynamic deflection of the transition during the
test was 34.9 inches. No detached elements, fragments, or other debris were present to penetrate
or show potential for penetrating the occupant compartment, or to present hazard to others in the
area. Maximum occupant compartment deformation was 1.0 inch in the right front toe pan area.
The 1100C vehicle remained upright during and after the collision event. Maximum roll and
pitch angles were 12° and 5°. Occupant risk factors were within the preferred limits of MASH.

7.1.2 MASH Test 3-21 (Crash TestNo. 612051-02-1)

The transition contained and redirected the 2270P vehicle. The vehicle did not penetrate,
underride, or override the installation. Maximum dynamic deflection of the transition during the
test was 57.2 inches. No detached elements, fragments, or other debris were present to penetrate
or show potential for penetrating the occupant compartment, or to present hazard to others in the
area. No occupant compartment deformation or intrusion was observed. The 2270P vehicle
remained upright during and after the collision period. Maximum roll and pitch angles were 5°
and 2°. Occupant risk factors were within the preferred limits of MASH.

7.2  CONCLUSIONS

The guardrail transition from the 32-inch tall weak post guardrail system to the 31-inch
tall MGS strong post system met the performance criteria for a MASH TL-3 transition, as shown
in Table 7.3.

Although the system was evaluated with use of 8-inch deep blockouts, it is the opinion of
the researchers that use of 12-inch deep blockouts would not significantly alter the system
crashworthiness behavior. *

Testing of the transition system from the 31-inch tall MGS strong post to the 32-inch tall
weak post was not considered critical. MASH Section 2.2.1.1 indicates that transitions should be
evaluated by impacting upstream of the stiffer barrier system such as tested herein. When
impacts occur in the opposite direction upstream of the more flexible system, the chances for
vehicle pocketing, vehicle rollover, and rail rupture are all reduced. Therefore, impacting the
transition system going from the 31-inch tall MGS strong post system to the 32-inch tall weak
post system is less critical.

* The opinions/interpretations identified/expressed in this paragraph and the next two paragraphs of the report are
outside the scope of TTI Proving Ground’s A2LA Accreditation.
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Weak Post System to the MGS Strong Post System.

Test Agency: Texas A&M Transportation Institute

Test No.: 612051-03-1

Table 7.1. Performance Evaluation Summary for MASH Test 3-20 on Guardrail Transition from 32-inch Tall MGS

Test Date: 2019-10-07

MASH Test 3-20 Evaluation Criteria Test Results Assessment
Structural Adequacy
A. Test article should contain and redirect the vehicle or | The transition contained and redirected the
bring the vehicle to a controlled stop; the vehicle 1100C vehicle. The vehicle did not penetrate,
should not penetrate, underride, or override the underride, or override the installation. Maximum Pass
installation although controlled lateral deflection of dynamic deflection of the transition during the
the test article is acceptable. test was 34.9 inches.
Occupant Risk
D. Detached elements, fragments, or other debris from No detached elements, fragments, or other debris
the test article should not penetrate or show potential | were present to penetrate or show potential for
for penetrating the occupant compartment, or present | penetrating the occupant compartment, or to
an undue hazard to other traffic, pedestrians, or present hazard to others in the area. Pass
personnel in a work zone.
Deformations of, or intrusions into, the occupant Maximum occupant compartment deformation
compartment should not exceed limits set forth in was 1.0 inch in the right front toe pan area.
Section 5.2.2 and Appendix E of MASH.
F.  The vehicle should remain upright during and after The 1100C vehicle remained upright during and
collision. The maximum roll and pitch angles are not | after the collision event. Maximum roll and pitch Pass
to exceed 75 degrees. angles were 12° and 5°.
H.  Occupant impact velocities (OIV) should satisfy the Longitudinal OIV was 22.3 ft/s, and lateral OIV
following limits: Preferred value of 30 ft/s, or was 16.7 g. Pass
maximum allowable value of 40 ft/s.
I.  The occupant ridedown accelerations should satisfy Longitudinal occupant ridedown acceleration
the following limits: Preferred value of 15.0 g, or was 9.7 g, and lateral occupant ridedown Pass
maximum allowable value of 20.49 g. acceleration was 7.9 g.
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Weak Post System to the MGS Strong Post System.

Test Agency: Texas A&M Transportation Institute

Test No.: 612051-02-1

Table 7.2. Performance Evaluation Summary for MASH Test 3-21 on Guardrail Transition from 32-inch Tall MGS

Test Date: 2019-11-05

MASH Test 3-21 Evaluation Criteria Test Results Assessment
Structural Adequacy
A. Test article should contain and redirect the vehicle or | The transition contained and redirected the
bring the vehicle to a controlled stop; the vehicle 2270P vehicle. The vehicle did not penetrate,
should not penetrate, underride, or override the underride, or override the installation. Maximum Pass
installation although controlled lateral deflection of dynamic deflection of the transition during the
the test article is acceptable. test was 57.2 inches.
Occupant Risk
D. Detached elements, fragments, or other debris from No detached elements, fragments, or other debris
the test article should not penetrate or show potential | were present to penetrate or show potential for
for penetrating the occupant compartment, or present | penetrating the occupant compartment, or to
an undue hazard to other traffic, pedestrians, or present hazard to others in the area. Pass
personnel in a work zone.
Deformations of, or intrusions into, the occupant No occupant compartment deformation or
compartment should not exceed limits set forth in intrusion was observed.
Section 5.2.2 and Appendix E of MASH.
F.  The vehicle should remain upright during and after The 2270P vehicle remained upright during and
collision. The maximum roll and pitch angles are not | after the collision period. Maximum roll and Pass
to exceed 75 degrees. pitch angles were 5° and 2°.
H.  Occupant impact velocities (OIV) should satisfy the Longitudinal OIV was 15.7 ft/s, and lateral OIV
following limits: Preferred value of 30 ft/s, or was 15.4 ft/s. Pass
maximum allowable value of 40 ft/s.
I.  The occupant ridedown accelerations should satisfy Longitudinal occupant ridedown acceleration
the following limits: Preferred value of 15.0 g, or was 6.1 g and lateral occupant ridedown Pass
maximum allowable value of 20.49 g. acceleration was 6.5 g.




Table 7.3. Assessment Summary for MASH TL-3 Tests on Guardrail Transition from
32-inch Tall MGS Weak Post System to MGS Strong Post System.

Evaluation Evaluation TestNo. 612051-03-1 TestNo. 612051-02-1
Factors Criteria 1100C 2270P
Structural
Adequacy A S S
D S S
Occupant F S S
Risk H S s
I S S
Test No. MASH Test 3-20 MASH Test 3-21
Pass/Fail Pass Pass

S = Satisfactory
U = Unsatisfactory
N/A = Not Applicable

For the reasons explained above and based on the successful performance of the
conducted full-scale crash tests, the proposed transition system between the 31-inch tall MGS
strong post to the 32-inch tall weak post is considered MASH compliant and suitable for

implementation on the NHS.
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Test Installation
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-.—75" spacing

2-space W-beam Guardrail
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II™—10" Guardrail Bott

Transition Area

Washer, 5/16 F844—.._\ Bolt, 5/16 x 2" hex

A307

FBBO3

Nut, 516 hex (x2)— 11| Square Guardrail Washer

e “Weak Post Guardrail Post
4 PSED3

Section A-A
Scale 1:20
Typ @ Posts 3- 19

i

1a. Hand tighten first nut, with Backup Plate,
Rail, and Post in contact, then tighten one more
turn with wrench. Secure with second nut.

1b. Recessed Guardrail Nut on all 5/8" balts.

See 1a FWRO01 (x 2)
72" Wide-Flange Guardrail Post
'/ PWEO1
W-beam Back-up Plate—"] Detail C
RWBO1a Scale 1:5
Section B-B . o
Scale 1 : 20 Bolt, 1/2" x 1 1/2" hex Nut, 1/2 A563 heavy hex (x 2)

Typ @ Posts 20 - 32 A307

Roadside Safety and

Physical Security Division -

1c. No Back-up Plate at Post 17.
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Project #612051 Weak to Strong Post Transition
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2019-09-27
Test Installation

T:\1-ProjectFiles\612051-Peooled Fund-Weak to Strong Post MGS Transition-Silvestri-Dobrovelny'\Drafting, 6120511612051 Drawing

NOILISNVH1LIH1 40 ST11VL3Ad 'V XIAN3IddV



¥-TG0CT9 'ON d1

9¢

T€-€0-0¢0¢

Breakaway Cable Terminal (BCT) i
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¥, \ See GF (31) 4. Al harduars for DAT shall be ASTM A30T unless
otherwise shown.
P @9'— 4" Rail Section )

5. Refer to GF(31) sheet for ferminal connection detalls.

12°-6" (Min.} MBGF —————————————=
(See General Note 2) Payment for Non-Symmetrical

Transition Rail (Each)

@(Rounded) W-Beam

o

1 /

l 3. The foundotion tubes shall not project more than 3 %"
Bracket i @@ End payment for DAT (EA.) above the finished grade.

1

1

1

T

DISCLAIMER:

—0® 3 Begin Length
388 End Section s | in Ler!
Eé_ é i (LON)
o
a8 O® § MOW_STRIP_INSTALLATION
N > o T : If o mow strip is required with the DAT
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838 (SCH 40 Calv. Pipe) — 7 4* full pour ot the foundotion tubes.
3 - R
.5 = =
28t " i i ! J Figisﬂneaj
00 () I 1 Finished rade —
32 1 To properly install and ! Direct! f Troffi
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9ey 1 | o 3 Y"1 Yo" tube
'E'E-E * 68 " Min.) B DIO) : | projection ‘fs required !
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oL w® (] [ ! .
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- [ and Anchor Bracket [ irection of Traffic L= n
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gbi LT T 10°- 4% (3) [cnonne strur 2
b3 O] Steel Foundation O] 9= 4% (4) [Terminal Rail Element 1
5 f - -
B Tubes with Hardware 120 -1 (5) [sheit Angle Bracket ]
:Eg (6) [BeT Bearing Piate 1
;"éf‘f DOWNSTREAM ANCHOR TERMINAL (DAT) = = — = - @ BCT Post Sleeve 1
38% Only for downstream use, when located outside -
200 the horizontal clearance area of opposing traffic. o= e — Guardroil Anchor Brocket 1
"of @ (Rounded) W-Beam End Section | 1
<o BCT Cable Anchor 1
(1) [Recessed Nut, Guardrail 20
(2 [1 Ya* Button Head Bolt 4
(3) [10" Button Head Boit 2
" %" x 2" Hex Head Bolt 8
o
%" x 8" Hex Head Bolt 4
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SPECIFICATIONS

Blockouts shall be made of timber with a stress grade of at least 1160 psi [8 MPa]. Grading shall be
in accordance with the rules of the West Coast Lumber Inspection Bureau, Southern Pine Inspection
Bureau, or other appropriate timber association. Timber for blockouts shall be either rough-sawn
(unplaned) or 84S (surfaced four sides) with nominal dimensions indicated. The variation in size of
blockouts in the direction parallel to the axis of the bolt holes shall not be more than + %4 inch [6
mm]. Only one type of surface finish shall be used for posts and blockouts in any one continuous
length of guardrail.

All timber shall receive a preservation treatment in accordance with AASHTO M 133 after all end
cuts are made and holes are drilled.

Dimensional tolerances not shown or implied are intended to be those consistent with the proper
functioning of the part, including its appearance and accepted manufacturing practices.

INTENDED USE
Blockout PDB01a is used with wood post PDEO1 or PDE02 in the SGR04b strong-post W-beam
guardrail and the SGM04b median barrier. Blockout PDB01b is routed to be used with steel post
PWEO1 or PWEO2 in the SGR04c¢ guardrail and the SGM04a median barrier.

W-BEAM TIMBER BLOCKOUT

PDBO01a-b

SHEET NO. DATE
20f2 7/06/2005
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NOTES: 1. ALL FILLETS SHALL FAVE A MINMUM RADIUS OF 1/16 [2].

5/18

(8]

CLIPP=D
HEAD
OPTICNAL

2. IF THE BOLT EXTENDS MORE THAN 1/4 [6] FROM THZ NUT
THE BOLT SHOULD BE TRIMMED B3ACK.

T[17.5]

1/16

1-1/4
[52]

7/32 5/8 [16]
5] _CLIPPED HEAD
/ OPTIONAL
45° .
\\(-"'
5 S
0 |y —
< T
N 0 -
h e—
5/8-11 [M16x2]
L IHREADS 1-5/16 [33]
OR
i 1-7/16 [37]
DFSIGNATOR L T (MIN)
FBBO1 1—1/4 [32] [1-1/8 [28]
FBRO? 2 [51] 1-3/4 [44]
FBBO3 10 [254] 4 [102]
FBB04 18 [457] 4 [102]
FB305 25 [635] 4 [102]
— 5/8=11 [N16x2
s~ 1 DIA x 1/16 DEEP : M{)DIFIED [HEAW]
/" [25 DIA x 1.6 DEEP] — HEX NUT
/A RECESS ONE OR '
7.\ BOTH SIDES

GUARDRAIL BOLT AND RECESSED NUT

FB8801—-05
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SPECIFICATIONS
The geometry and material specifications for this oval shoulder button-headed bolt and hex mut are
found in AASHTO M 180. The bolt shall have 5/8-11 [M16x2] threads as defined in ANSI B1.1
[ANSI B1.13M] for Class 2A [6g] tolerances. Bolt material shall conform to ASTM A307 Grade A
[ASTM F 568M Class 4.6], with a tensile strength of 60 ksi [400 MPa] and vield strength of 36 ksi
[240 MPa]. Material for corrosion-resistant bolts shall conform to ASTM A325 Type 3 [ASTM F
568M Class 8.8.3], with tensile strength of 120 ksi [830 MPa] and yield strength of 92 ksi [660 MPa].
This bolt material has corrosion resistance comparable to ASTM AS588 steels. Metric zine-coated
bolt heads shall be marked as specifiedin ASTM F 568 Section 9 with the symbol “4.6.”

Nuts shall have ANSI B1.1 Class 2B [ANSI B1.13M Class 6h] 5/8-11 [M16x2] threads. The
geometry of the nuts, with the exception of the recess shown in the drawing, shall conform to ANSI
B18.2.2 [ANSI B18.2.4.1M Style 1] for zinc-coated hex nuts (shown in drawing) and ANSI B18.2.2
[ANSI B18.2.4.6M)] for heavy hex corrosion-resistant muts (not shown in drawing). Material for
zinec-coated nuts shall conform to the requirements of AASHTO M 291 (ASTM A 563) Grade A
[AASHTO M 291M (ASTM A 563M) Class 5], and material for corrosion-resistant nuts shall
conform to the requirements of AASHTO M 291 (ASTM A 563) Grade C3 [AASHTO M 291M
(ASTM A 563M) Class 883].

When zinc-coated bolts and nuts are required, the coating shall conform to either AASHTO M 232
({ASTM A 153/A 153M) for Class C or AASHTO M 298 (ASTM B 695) for Class 50. Zinc-coated
nuts shall be tapped over-size as specified in AASHTO M 291 (ASTM A 563) [AASHTO M 291M
(ASTM A 563M)], except that a diametrical allowance of 0.020 inch [0.510 mm] shall be used
instead of 0.016 inches [0.420 mm].

Stress Area of Min. Bolt

Designator ~ Threaded Bolt Shank Tensile Strength
(in® [mm?]) (kips [kN])
FBRO1-05 0.226 [157.0] 13.6[62.8]

Dimensional tolerances not shown or implied are intended to be those consistent with the proper
functioning of the part, including its appearance and accepted manufacturing practices.

INTENDED USE

These bolts and nuts are used in numerous guardrail and median barrier designs.

GUARDRAIL BOLT AND RECESSED NUT

FBBO01-05
SHEET NO. DATE
20f2 5/2/2018
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SPECIFICATIONS
W-beam and thrie-beam guardrail posts shall be manufactured using AASHTO M 270/ M 270M
(ASTM A 709/ A 709M) Grade 36 [250] steel unless corrosion-resistant steel is required, in which
case the post shall be manufactured from AASHTO M 270 / M 270M (ASTM A 709 / A 709M)
Grade 50W [345W] steel. The dimensions of the cross-section shall conform to a W6x9
[W150x13.5] section as defined in AASHTO M 160 / M 160M (ASTM A 6 / A 6M). [W150x12.6]
wide flange posts are an acceptable alternative that is considered equivalent to the [W1350x13.5].

After the section is cut and all holes are drilled or punched, the component should be zinc-coated
according to AASHTO M 111 (ASTM A 123) unless corrosion-resistant steel is used. When
corrosion-resistant steel is used, the portion of the post to be embedded in soil shall be zinc-coated
according to AASHTO M 111 (ASTM A 123) and the portion above the soil shall not be zinc-coated,
painted or otherwise treated.

Areca Ix Ig Sx S;,
in? [10° mm?]  int [10°mm?]  in* [10° mm?*]  in® [10° mm?] i’ [107 mm?)

PWEQ1-04 2.63 [1.7] 16.43[6.84] _ 2.19 [0.91] 5.57 [91.2] 1.11[18.2]

Designator

Dimensional tolerances not shown or implied are intended to be those consistent with the proper
functioning of the part, including its appearance and accepted manufacturing practices.

INTENDED USE
Posts PWEO1 and PWEO2 are used with the SGR04a and SGR04c guardrails and the SGM04a
median barrier. Blockouts like PWBO1 (steel) or PDB01 (wood) are attached to each post.

Post PWEO3 is used with the SGR09a guardrail and the SGM09a median barrier. Wood or plastic
blockouts like the PWB02 are attached to each post with FBB03 bolts and FWC16a washers under
the nuts.

Post PWEO04 is used with the SGR0O9b guardrail and the SGM09b median barrier. A modified steel
blockout PWBO03 is attached to each post with at least two 1.5-inch [40 mm] long FBX16a bolts and
nuts.

WIDE-FLANGE GUARDRAIL POST
PWEO(01-04

SHEET NO. DATE
20f2 7/06/2005
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SPECIFICATIONS
Corrugated sheet steel beams shall conform to the current requirements of AASHTO M 180. The
section shall be manufactured from sheets with a nominal width of 19 inches [483 mm]. Guardrail
RWMO02a shall conform to AASHTO M 180 Class A, and RWMO02b shall conform to Class B.
Corrosion protection may be either Type II (galvanized) or Type IV (corrosion-resistant steel). Type
IV connectors shall be manufactured using AASHTO M 222/M 222M (ASTM A 588/A 588 M) and
shall not be galvanized, painted or otherwise coated.

Inertial properties shown below are based on the gross cross-section dimensions without a reduction
for the splice and bolt holes.

Designator Area Ix Sx

i’ [10° mm?]  in* [10° mm?*]  in® [10° mm?]
RWMO02a 2.01[1.3] 2.40 [1.0] 1.40 [23]
RWMO02b 2.63 [1.7] 3.12 [1.3] 1.77 [29]

Dimensional tolerances not shown or implied are intended to be those consistent with the proper
functioning of the part, including its appearance and accepted manufacturing practices.

INTENDED USE
This corrugated sheet steel beam is used as a rail element in barrier designs SGR02a-b, SGR04a-c,
SGMO02a-b, and SGM04a-b.

2-SPACE W-BEAM GUARDRAIL
RWM02a-b

SHEET NO. DATE
2of4 7/13/2005
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2-SPACE W-BEAM GUARDRAIL
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SPECIFICATIONS
Corrugated sheet steel beams shall conform to the cutrent requirements of AASHTO M180. The .
section shall be manufactured from sheets with a nominat width of 483 mm. Guardrail RWM04a &
ghall conform to AASHTO M180 Class A and RWMO04b shall conform to Class B. Corrosion ‘
protection may be either Type I (zinc-coated) or Type IV (corrosion resistant steel). Corrosion
resistant steel should conform to ASTM A606 for Type TV material and shall not be zinc-coated,
painted or otherwise ireated. Inertial properties are calculated for the whole cross-section without
a reduction for the splice bolt heles.

Designator Area I, I, S, 8,
(10° mm?  (10° mm* (10 mm* (10 mm®  (10° mm®)

RWMO04a-b 1.3 1.0 - 23 -

Dimensional tolerances not shown or implied are intended to be those consistent with the proper
functioning of the part, including its appearance and accepted manufacturing practices.

INTENDED USE
This corrugated sheet steel beam is used as a rail element in transition systemns STB02 and STB03
or when a reduced post spacing is desired in the SGR02, SGR04a-b, SGMO(2, and SGM04a-b,

4-SPACE W-BEAM GUARDRAIL
RWMO4a-b =

SHEET WO. PATE
Rof2 04-01-95
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SPECIFICATIONS
The square guardrail washer shall be manufactured from AASHTO M 183/M 183M (ASTM A 36/
A 36M) steel plate except when corrosion-resistant steel is required, in which case AASHTO M
222/M 222M (ASTM A 588/A 588M) steel shall be used. After stamping or punching, galvanized
plates shall be finished according to AASHTO M 111 (ASTM A 123).

Dimensional tolerances not shown or implied are intended to be those consistent with the proper
functioning of the part, including its appearance and accepted manufacturing practices.

INTENDED USE
This washer is used in the weak-post W-beam guardrails and median barriers (SGR02 and SGM02)
to provide a bearing surface between the rail-to-post bolt and W-beam rail (RWMO02a-b).

SQUARE GUARDRAIL WASHER

FWRO1

TR No.

SHEET NO. DATE
20f2 7/13/2005
612051-4 50 2020-03-31
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SPECIFICATIONS
Back-up plates shall conform to the current requirements of AASHTO M 180. The section shall be
manufactured from sheets with a nominal width of 19 inches [483 mm]. RWB01a shall conform to
AASHTO M 180 Class A, and RWBO01b shall conform to Class B. Corrosion protection shall be
either Type II (galvanized) or Type IV (corrosion-resistant steel). Type IV material shall conform to
ASTM A 588/A 588 M and shall not be galvanized, painted or otherwise coated.

Dimensional tolerances not shown or implied are intended to be those consistent with the proper
functioning of the part, including its appearance and accepted manufacturing practices.

INTENDED USE
This back-up plate is placed behind W-beam guardrail elements (RWMO02a-b) at intermediate steel
posts (non-splice posts) in the SGR04a W-beam guardrail.

W-BEAM BACK-UP PLATE

RWBO01a-b

SHEET NO. DATE
20f2 7/06/2005
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SPECIFICATIONS

This post shall be manufactured using steel conforming to AASHTO M 183/M 183M (ASTM A
36/A 36M). The section shall be manufactured such that it conforms to the geometry and tolerances
of AASHTO M 160/M 160M (ASTM A 6/A 6M) for a S3x5.7 [S75x8.5] S-section. After all
punching, drilling, stamping and welding is complete, the section shall be galvanized according to
AASHTO M 111 (ASTM A 123). If corrosion-resistant hardware is required, AASHTO M 222/ M
222M (ASTM A 588/A 588M) steel shall be used and the embedded portion of the post shall be
galvanized according to AASHTO M 111 (ASTM A 123). All holes shall be punched through both
flanges (in-line). All welding shall conform to ANSIYAASHTO/AWS D1.5.

Designator Area Ix Iy Sx Sy
(in%) (in") (in* (in) (in*)
[10° mm?] | [10°mm"] | [10°mm"] | [10° mm®] | [10° mm*]
PSE03 1.67 [1.1] | 2.52[1.1] [ 0.455[0.2] | 1.68 [28] 0.39 [6]

Dimensional tolerances not shown or implied are intended to be those consistent with the proper
functioning of the part, including its appearance and accepted manufacturing practices.

INTENDED USE

This post is used in the SGR02 weak-post guardrail system and the SGM02 weak-post median
barrier. The RWMO02a W-beam guardrail is bolted to this post using a 1.5-inch [40 mm] long
FBX08a bolt and two nuts with two FWRO1 square washers and one round washer, and a FBX14a
support bolt with two nuts.

WEAK-POST GUARDRAIL POST & WELDED SOIL PLATE

PSEO03
SHEET NO. DATE
20f2 7/13/2005
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APPENDIXB. SUPPORTING CERTIFICATION DOCUMENTS

i is an acknowledgement that a Bill of Lading has been issued and is not the ariginal Bill of Lading, nor a copy or duplicate, covering the property named herein,
rhls Memorandum and is intended solely for filing or record. 1005
: i ; " Carrier Shipper's No.
RECEW?JJ,‘wh.m-{p the classmcauonynd [am? in eﬂ?ct the date of receipt by the carrier of the propeq‘il%;:_u‘l’:e_d mﬂgp@ngwwwqy, > 3 o
S/0 No. 141
ry Sesedlet Eow, B sppret 9006 order swep & ot (cun 1 paciage: i
it il o its o wal
tnml & o Dnms“:n siﬂﬂ”ieiﬁﬁfﬁ E’mlm» agreed, 45 {0 m rm dec ?rr;)e'my over ;‘a‘ Ear any pn1 1 nf sald m.?!ue 0 Subject to Section 7 of Conditions of ap-
and as 1o each parly &l Inferested in &l or i be parformed hereunder shali be subject o all the conditions net u ummui by law, whether printed ar wiitten, hersin confained, pllcabie Bili of Lading, if this shipment is to be
I '|glnncrnllnr|= ik .‘mwtnamreveby ag(eemotrymlsnppcranna .rssnannnsasmns delivered to the consignee without recourse on
the consignor, the consignor shall sign the
3 following statement:
Cust. PO, Load No.:! The carrier shall not make delivery of this
1 Sh”ipm‘enl‘ ;N'ﬂgwul payment of freight and all
i : sag other lawtul chargas.
EH] Total Weight: TRINITY HIGHWAY
PRODUCTS LLC
s Ship: 19 Theraty | e
: X « nsign
Sity: State: !¢ Zip: Signature of Consig orj
Arrive: If charges are to be prepaid, write or
L = — stamp here, “To be Prepa\d
R 1) B
Jontact: GARY GRERKE Phone:__916-835 4#6]
a7 Received 5.
3 . el T/1#cpn 5 i to apply in prepayment of the charges
7 ( ¢
Jelivering Carrier: / Vehicle or Car Initial: No. on the property described hareon.
Collect On Delivery: C.0.D. charge Shipper O Agent or Cashier
$ and remit to: to be paid by Consignee CI 5
er
(The signature here acknnwledgas
only the amount prapaid.)
Street City State Chefase Advancem
LT [ Description of Articles e | Ceseord 2 | o Description of Articles W [Classorl o

Pkgs. Couni

v Mo

2] 181G

2073

SPECIAL INSTRUCTIONS: C i

SHIPPER LOAD - CONSIGNEE UNLOAD 25-109584

Total Weight

It Ihe shipmeni moves between two ports by a carrier by water, the law requires that the bill of lading shall state whether it is “carrier's or shipper's weight”
- Where the rate is dependent on valus, shippers are required to siate spes lly in writing the agreed or declared value of the property.
Ths sgreed or declared value of the property is hereby

specifically stated by the shipper te be not exceeding per
SHIPPER a,fretyy authorize this shipment and make the declaration of values (it any) Z CONSIGNEE Received the above described praperty in good condition except as noted on
= OR AGENT d ag‘ree lyﬂwefcomrac( terme ﬂad conditions hepeof. o G the back hereof and agree to the foregoing contract tarms and conditions,
= { 3 = A ENT M
O|SIGNHERE /£y a ¥4 eatA LA DATE' = ! i
C|AGENT OR Thrs ahlpment recelved subject to exceptions as no!ed and according to the = SIGN HERE DATE TIME
O|DRIVER terms and.conditions hereof. o0
e # 0
SIGN HERE) e . . DATE a DRIVER NO
2ermanent post-office address of shipper,
TRI 809-RF (R 10/93) (This Bill of Lading is to be signed by the shipper

TR No. 612051-4 57
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Load List
TRINITY HIGHWAY PRODUCTS, LLC

PACKING LIST
SALES ORDER # 1313267
LOAD#1 DROP# 1
Ship From: Trinity Highway Ship To : SAMPLES, TESTING MATERIALS
Plant 55 3100 STATE HWY 47
550 East Robb Ave. BLDG 7090
Lima , OH 45801
United States
(419) 227-1296 BRYAN ,TX 77807
Contact :GARY GERKE
936-825-4661
Pl # Qty Ordered UOM PI Product Code Description
1 36 EACH 99TESTMATERIA TEST MATERIAL
Part No Qty On Load Description
3G 36 12/12"/BACKUP
11G 42 12/12'6/3'1.5/S
533G 26 6'0 POST/8.5/DDR
3240G 36 WASHER.FLAT.5/16 N.TY A.G
3245G 72 5/16" HEX NUT A563
3319G 72 1/8"X1.75"X1.75" WSHR PL
3340G 62 5/8" GR HEX NUT
3360G 336 5/8"X1.25" GR BOLT
3500G 26 5/8"X10" GR BOLT A307
4076B 26 WD BLK RTD 6X8X14
4303G 72 1/2" HEX NUT A563 GR A
4308G 36 1/2"X1.5" HEX BOLT A307
6267G 36 5/16"X2.375"HXBLT A307 FT
24586A 36 5'5 POST/5.7#/GD RL/.25PL
Pl # Qty Ordered UOM PI Product Code Description
2 8 EACH 99TESTMATERIA TEST MATERIAL
Part No Qty On Load Description
724G g 6'0 TUBE SL/.125X8X6
850G 4 12/BUFFER/ROLLED
3000G 4 CBL 3/4X6'6/DBL SWG/NOHWD
3300G 4 WASHER.FLAT,5/8 R, TY B,G
4140B 8 WD 4'0.25 POST 5.5X7.5
19481G 8 C3X5#X6'-8" RUBRAIL
20207G 4 12/9'4.5/8-HOLE ANCH/S
36120A 4 DAT-31-TX-HDW-CAN

Date: 8/7/19
Plant: 23
Load: 1

rtheatherp 8/6/2019 2:14:05PM

TR No. 612051-4 58 2020-03-31
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Certified Analysis

R

¢
1 4

%

Trinity Highway Products LLC
550 East Robb Ave. Order Number: 1313267 Prod Ln Grp: 3-Guardrail (Dom)
Lima, OH 45801 Phn:(419) 227-1296 Customer PO: WEAK POST TRA Asof:8/7/19
Customer: SAMPLES, TESTING MATERIALS BOL Number: 109584 Ship Date:
2525 STEMMONS FRWY Document #: 1
Shipped To: TX
i e s (T
Project: PROJ# 612051 WEAK TO STRONG POST TRANSITION
Qty Part# Description Spec CL TY Heat Code/ Heat Yield T8 Elg C  Mn P S Si Cu Cb Cr VinACW
36 3G 12/12"/BACKUP M-180 A 195412 62,850 80,260 257 0.180 0.710 0.014 0.005 0.010 0.120 0.000 0.050 0.000 4
42 11G 12/12'6/3'1.5/8 2 L12519
M-180 A 2 239384 54,800 73,070 311 0200 0730 0.013 0.002 0.020 0.090 0.000 0.050 0.001 4
M-180 A 2 239385 58,590 76,490 28,7 0.190 0.730 0.014 0.004 0.020 0.100 0.000 0.060 0.001 4
M-180 A 2 240027 64,200 82,340 23.8 0.190 0730 0.012 0.003 0.020 0.120 0.000 0.070 0.001 4
M-180 A 2 240028 64,000 82,300 244 0200 0740 0.0120.003 0.020 0.120 0.000 0.060 0.001 4
M-180 A 2 240029 59,320 77,690 258 0.180 0.710 0.012 0.003 0.020 0.140 0.000 0.070 0.001 4
M-180 A 2 240030 64,360 82,430 242 0190 0720 0.0120.004 0.020 0.120 0.000 0.070 0.001 4
M-180 A 2 240678 60,840 78.860 26.7 0.190 0730 0.008 0.004 0.010 0.110 0.000 0.060 0.000 4
M-180 B 2 240199 61,710 80,240 247 0.190 0.730 0.0110.004 0.010 0.130 0.000 0.050 0.001 4
11G 2 L22419
M-180 A 2 238623 63,640 81,270 264 0.190 0730 0.013 0.003 0.020 0.130 0.000 0.080 0.001 4
M-180 A 2 239161 60,130 80,610 252 0.190 0.720 0.013 0.004 0.010 0.120 0.000 0.060 0.001 4
M-180 A 2 239383 63,360 82,800 236 0200 0720 0.012 0.003 0.020 0.090 0.000 0.060 0.001 4
M-180 A 2 239385 58,590 76,490 287 0.190 0.730 0.014 0.004 0.020 0.100 0.000 0.060 0.001 4
M-180 A 2 239386 63,060 81,300 276 0200 0.730 0.013 0.003 0.020 0.100 0.000 0.050 0.000 4
M-180 A 2 239387 61,850 79,720 274 0200 0740 0.010 0.004 0.020 0.080 0.000 0.050 0.001 4
M-180 A 2 239388 61,700 80,740 266 0190 0.730 0.0120.003 0.020 0.100 0.000 0.050 0.000 4
M-180 A 2 240025 62,670 80,290 269 0200 0.740 0.0120.003 0.020 0.110 0.000 0.070 0.002 4
M-180 A 2 240026 62,330 81,120 256 0190 0720 0.0110.003 0.020 0.130 0.000 0.060 0.000 4
11G 2 L13019
M-180 A 2 240027 64,200 82,340 23.8 0190 0.730 0.012 0.003 0.020 0.120 0.000 0.070 0.001 4
M-180 A 2 240029 59,320 77,690 25.8 0.180 0.710 0.012 0.003 0.020 0.140 0.000 0.070 0.001 4
M-180 A 2 241193 64,430 83,900 26.5 0.190 0.710 0.011 0.002 0.020 0.100 0.000 0.070 0.001 4
M-180 A 2 241194 60,960 77,840 25.1 0.190 0.730 0.0120.002 0.020 0.100 0.000 0.090 0.002 4

1 of 6
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Trinity Highway Products LLC

Certified Analysis
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550 East Robb Ave. Order Number: 1313267 Prod Ln Grp: 3-Guardrail (Dom)
Lima, OH 45801 Phn:(419) 227-1296 Customer PO: WEAK POST TRA
Asof: 8/7/19
Customer: SAMPLES, TESTING MATERIALS BOL Number: 109584 Ship Date:
2525 STEMMONS FRWY Document #: 1
Shipped To: TX
Project: PROJ# 612051 WEAK TO STRONG POST TRANSITION
Qty Part# Description Spec CL TY Heat Code/ Heat Yield TS Elg C  Mn P S Si Cu Cb Cr VnACW
M-180 A 2 241195 62,130 81,280 26,6 0.190 0.720 0.012 0.002 0.020 0.110 0.000 0.070 0.000 4
M-180 A 2 241196 61,060 79.430 26.7 0.190 0.730 0.011 0.003 0.020 0.100 0.000 0.070 0.002
M-180 A 2 241197 61,510 82,330 262 0210 0.740 0.011 0.004 0.010 0.100 0.000 0.060 0.001 4
11G 2 L22019
M-180 A 2 238622 61,950 81,070 232 0.180 0720 0.0110.004 0.020 0.140 0.000 0.070 0.002 4
M-180 A 2 238623 63,640 81,270 264 0.190 0.730 0.013 0.003 0.020 0.130 0.000 0.080 0.001 4
M-180 A 2 238624 61,390 80,200 26.1 0.190 0.730 0.013 0.002 0.020 0.160 0.000 0.070 0.002 4
M-180 A 2 238625 61,150 79,980 265 0200 0.730 0.011 0.004 0.020 0.130 0.000 0.080 0.001 4
M-180 A 2 238626 59.870 78,870 263 0.190 0730 0.0100.004 0.020 0.170 0.000 0.060 0.002 4
M-180 A 2 238627 61,630 80,850 255 0.190 0.720 0.011 0.004 0.020 0.130 0.000 0.070 0.001 4
M-180 A 2 239161 60,130 80,610 252 0190 0.720 0.013 0.004 0.010 0.120 0.0000.060 0.001 4
M-180 A 2 239383 63,360 82,800 23.6 0200 0720 0.012 0.003 0.020 0.090 0.000 0.060 0.001 4
11G 2 122119
M-180 A 2 238622 61,950 81,070 232 0.180 0720 0.011 0,004 0.020 0.140 0.000 0.070 0.002 4
M-180 A 2 238623 63,640 81,270 264 0.190 0730 0.013 0.003 0.020 0.130 0.000 0.080 0.001 4
M-180 A2 238624 61,390 80,200 26.1 0.190 0730 0.0130.002 0.020 0.160 0.000 0.070 0.002 4
M-180 A 2 239161 60,130 80,610 252 0.190  0.720 0.013 0.004 0010 0.120 0.000 0.060 0.001 4
M-180 A 2 239383 63,360 82,800 23.6 0200 0.720 0.012 0.003 0,020 0.090 0.000 0.060 0.001 4
M-180 A 2 239384 54,800 73,070 3L1 0200 0.730 0.013 0.002 0.020 0.090 0.000 0.050 0.001 4
26 533G 6'0 POST/8.5/DDR A-36 2909185 56,400 69,800 30.0 0.070 0.800 0.008 0.027 0210 0.120 0.013 0.040 0.004 4
533G A-36 1715509 58,600 70,400 27.6 0.070 0.890 0.009 0.030 0.210 0270 0.014 0.050 0.003 4
8 724G 6'0 TUBE SL/.125X8X6 A-500 AB3576 70,400 90,800 28.8 0.200 0.480 0.009 0.001 0.030 0.090 0.001 0.060 0.001 4
4 850G 12/BUFFER/ROLLED M-180 A 216690 65,000 83,340 22.8 0.190 0.730 0.012 0.003 0.020 0.100 0.000 0.070 0.002 4

20f6
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Trinity Highway Products LLC

550 East Robb Ave.

Lima, OH 45801 Phn:(419) 227-1296
Customer: SAMPLES, TESTING MATERIALS
2525 STEMMONS FRWY

DALLAS, TX 75207

Certified Analysis &“M‘Pﬂ’%ﬁ

[

Asof. 8/7/19

Order Number: 1313267 Prod Ln Grp: 3-Guardrail (Dom)
Customer PO: WEAK POST TRA
BOL Number: 109584 Ship Date:

Document #: 1

Shipped To: TX

Project: PROJM 612051 WEAK TO STRONG POST TRANSITION
Qty Part# Description Spec CL TY Heat Code/ Heat Yield TS Elg C Mn P s Si Cu Cb Cr Vi ACW
4 3000G CBL 3/4X6'6/DBL WIRE 134352 4
36 3240G WASHER FLAT,5/16 N,TY  F436 -3240 P38754 R71028-01 4
72 3245G 5/16" HEX NUT A563 AS563-3245 P38401 R70400-01 4
4 33006 WASHER,FLAT,5/8 R.TY F844-3300 P38729 R70883-02 4
72 3319G 1/8"X1.75"X1.75" WSHR PL HW P35672
62 3340G 5/8" GR HEX NUT FAST 19-35-003 4
336 3360G 5/8"X1.25" GR BOLT A307_—3360 0116968 4
26 3500G 5/8"X10" GR BOLT A307 A307-3500 32099 4
26 4076B WD BLK RTD 6X8X14 WOOD 53712
8 4140B WD 4'0.25 POST 5.5X7.5 HW 5294
72 4303G 172" HEX NUT A563 GR A HW P37736
36 4308G 1/2"X1.5" HEX BOLT A307 HW P35642
36 6267G §(16"X2.375"HX.BLTMUT HW 42162
8 19481G  C3X5#Xe6'-8" RUBRAIL A-36 2073540 57,700 78,700 29.0 0.150 0.650 0.014 0.022 0.210 0350 0.015 0.140 0.000 4
3 0of 6
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Trinity Highway Products LLC ‘ '
550 East Robb Ave. Order Number: 1313267 Prod Ln Grp: 3-Guardrail (Dom)
Lima, OH 45801 Phn:(419) 227-1296 Customer PO: WEAK POST TRA Asof: 8/7/19
Customer: SAMPLES, TESTING MATERIALS BOL Number: 109584 Ship Date:
2525 STEMMONS FRWY Document #: 1

Shipped To: TX

Project: PROJ# 612051 WEAK TO STRONG POST TRANSITION

29

T€-€0-0¢0¢

Qty Part#  Description Spec CL  TY Heat Code/ Heat Yield T8 Eg C Mn P S S Cu Cb Cr VnACW
4 20207G  12/9'4.5/8-HOLE ANCH/S 2 L14718
M-180 A2 A90778 65,800 86.800 207 0210 0.680 0.0120.003 0.030 0.120 0.000 0.060 0.001 4
M-180 A 2 A90779 55,100 78.200 206 0.190 0.660 0.0100.002 0020 0.120 0.000 0.070 0.001 4
M-180 A 2 88581 59,000 79,100 163 0210 0.690 0.0090.002 0.030 0.110 0.000 0.060 0.001 4
36 24586A  5'S POST/S.7#/GD RL/.25PL A-36 28873 47.000 68,000 248 0140 0.590 0.019 0.030 0210 0.290 0.001 0210 0.004 4
4 36120A  DAT-31-TX-HDW-CAN FAST 19-35-003 4
36120A A-36 55049020 56,000 79,800 234 0160 0.920 0.017 0.018 0210 0330 0.001 0.130 0.018 4
36120A F844-3300 P38729 R70883-02 4
36120A A307-3360 0116968 4
36120A A307-3403 P38421 R69871-01 4
36120A A307-3500 32099 4
36120A HW P3§729 R71181-01
36120A A563-3910 P38562 R70614 4
36120A HW 30666
36120A A307-4500 31433 4
36120A A-36 B8P3311 48,000 69,200 321 0.200 0.870 0.010 0.004 0.030 0.120 0.003 0.070 0.004 4
4 of 6
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Certified Analysis
Trinity Highway Products LLC
550 East Robb Ave. Order Number: 1313267 Prod Ln Grp: 3-Guardrail (Dom)
Lima, OH 45801 Phn:(419) 227-1296 Customer PO: WEAK POST TRA Asof:
Customer: SAMPLES, TESTING MATERIALS BOL Number: 109584 Ship Date:
2525 STEMMONS FRWY Document #: 1

8/7/19

Shipped To: TX

Project: PROJ# 612051 WEAK TO STRONG POST TRANSITION

Qty  Part# Description Spec CL TY Heat Code/ Heat Yield TS Elg C Mn P S Si  Cu Ch Cr Vo ACW
36120A A-36 4174233 48,700 68.700 34.0 0200 0400 0.011 0.010 0.010 0.040 0.001 0.050 0001 4
36120A A-36 DL19103077 56,000 75.000 26.0 0.120 0.800 0.011 0.021 0.190 0420 0.000 0.150 0.005 4
36120A A-36 1059343 62,600 77,700 240 0150 0.720 0.014 0.018 0.180 0.330 0.015 0.160 0.004 4
36120A HW 028536
36120A HW 025689
36120A A-500 S12270 63,400 72,800 25.0 0200 0.870 0.004 0.002 0.019 0.080 0.000 0.040 0.004 4
Upon delivery, all materials subject to Trinity Highway Products , LLC Storage Stain Policy QMS-LG-002.
ALL STEEL USED WAS MELTED AND MANUFACTURED IN USA AND COMPLIES WITH THE BUY AMERICA ACT, 23 CFR 635.410,
ALL GUARDRAIL MEETS AASHTO M-180, ALL STRUCTURAL STEEL MEETS ASTM A36 UNLESS OTHERWISE STATED.
ALL COATINGS PROCESSES OF THE STEEL OR IRON ARE PERFORMED IN USA AND COMPLIES WITH THE "BUY AMERICA ACT", 23 CFR 635.410.
ALL GALVANIZED MATERIAL CONFORMS WITH ASTM A-123 (US DOMESTIC SHIPMENTS)
ALL GALVANIZED MATERIAL CONFORMS WITH ASTM A-123 &1SO 1461 (INTERNATIONAL SHIPMENTS)
FINISHED GOOD PART NUMBERS ENDING IN SUFFIX B,P, OR S, ARE UNCOATED
50of 6
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Certified Analysis

Trinity Highway Products LLC

550 East Robb Ave. Order Number:
Lima, OH 45801 Phn:(419) 227-1296 Customer PO:
Customer: SAMPLES, TESTING MATERIALS BOL Number:
2525 STEMMONS FRWY Document #:

Shipped To:

DALLAS, TX 75207 Use State:

Project: PROJ# 612051 WEAK TO STRONG POST TRANSITION

Pr
& ¢
= o
1313267 Prod Ln Grp: 3-Guardrail (Dom) | |
WEAK POST TRA Asof 8/7/19
109584 Ship Date:
1
TX
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Table C.1. Summary of Strong Soil Test Results for Establishing Installation Procedure.
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Displacement (inch) Detal IS
DALE ... .eee ettt ettt ettt e e e ete e e —e e e beeeatteeebeeeateeeatteeeabeeabeeeatteeebeeeteeaaneas 2008-11-05
Test Facility and Sit€ LOCALION..........cccveiieieeiriee et eereee e e eeere e e e e eteee e e e earee e e s eaaeeeeens TTI Proving Ground, 3100 SH 47, Bryan, TX 77807
Sandy gravelw ith silty fines

In Situ Soil Description (ASTM D2487) ......ccoccuiee e e et e e e e e e e eraeeas

Fill Material Description (ASTM D2487) and sieve analysis

Description of Fill Placement Procedure............ccccoccvveeeeennnes
Bogie Weight ........ccccoeeiveeiiiiee e ... 5009Ib
([ o= T3 ANV =] o o3 1 PR U PR PPR 20.5 mph

AASHTO Grade B Soil-Aggregate (see sieve analysis above)
6-inch lifts tamped w ith a pneumatic compactor
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Table C.2. Test Day Static Soil Strength Documentation for Test No. 612051-03-1.

Comparison of Static Load Test Results and Required Minimum:
Load versus Displacement at 25 inch Height
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| ®Load vs. Displacement from Static Load Test @ Minimum Static Load

Percent Finer Vs, Grain Size of Fill Soll for Dynamic and Static Load Tests

g
Percent Finer
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Post-Test Photo of Post

DAL ...ttt 2019-10-07

Test Facility and Site Location .............ccccvveeviiieeeivieeee s, TTI Proving Ground — 3100 SH 47, Bryan, Tx

In Situ Soil Description (ASTM D2487) .....ccceevcvveeiiiieeeeineen. 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 ............cccccocveeeeeneen. 6-inch lifts tamped with a pneumatic compactor
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Table C.3. Test Day Static Soil Strength Documentation for Test No. 612051-02-1.

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

12000
10,567 10,677 10,808
8000 "
g Min 854D
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4090 3,940
) Displacen::'lt {inch) *
| BLoad vs. Displacement from Static Load Test  @Mimimum Static Load
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Post-Test Photo of Post
D= | (= PRSP 2019-11-05
Test Facility and Site Location .............ccccvveeviiieeeivieeee s, TTI Proving Ground — 3100 SH 47, Bryan, Tx
In Situ Soil Description (ASTM D2487) .....ccceevcieeeeiiiiieeeeineen. 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 ............cccccocveeeeeneen. 6-inch lifts tamped with a pneumatic compactor
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APPENIDXD. MASH TEST 3-21 (CRASHTEST NO. 612051-02-1)

D1 VEHICLE PROPERTIES AND INFORMATION

Table D.1. Vehicle Properties for Test No. 612051-02-1.
Date: 2019-11-05 Test No.: 612051-021 VIN No.: 1C6RREFT4ES233643
Year: 2014 Make: RAM Model: 1500
Tire Size: 265//0R 17 Tire Inflation Pressure: 35 psi
Tread Type: Highway Odometer: 173058
MNote any damage to the vehicle prior to test:  None

e
® Denotes accelerometer location. '::W—h-
NOTES None I i i | ] Jrij L J T
A M = [ —r N T
Engine Type: V-8 b
Engine CID: 4.7 liter | TRACK
3 P A ——

Transmission Type: er MERTIAL € 1t

Auto or [l Manual Q

FWD _|ZL RWD J:L WD R—

P — !-k

Optional Equipment:

None I E{ sl
Dummy Data: l g %
Type: None =
Mass: 0 Ib - F -t H ——
Seat Position: NA -
T M
Geometry: inches - e &
A 78.50 F 40.00 K 20.00 P 3.00 U 26.75
B 74.00 G 28.12 L 30.00 Q 30.50 Y 30.25
C 22750 H 61.39 M 68.50 R 18.00 W 61.30
D 44 00 | 11.75 N 68.00 S 13.00 X 79.00
E 140.50 J 27.00 O 46.00 T 77.00
Wheel Center Wheel Well Bottom Frame
Height Front 14.75 Clearance (Front) 6.00 Height - Front 12,50
Wheel Center Wheel Well Bottom Frame
Height Rear 14.75 Clearance (Rear) 9.25 Height - Rear 2250
RANGE LIMIT: A=78 +2 inches; C=237 +13inches; E=148 12 inches, F=39 3 inches; G => 28 inches, H =63 x4 inches, 0=43 +4 inches; (M+N}2=67 +1.5inches
GVWR Ratings: Mass: Ib Curb Test Inertial Gross Static
Front 3700 M#ront 2865 2818 2818
Back 3900 Mrear 2093 2187 2187
Total 6700 Motal 4958 5005 5005
{Allowable Range for TIM and GSM = 5000 Ib 110 Ib)
Mass Distribution:
b LF: 1388 RF: 1430 LR: 1137 RR: 1050
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Table D.2. Measurements

of Vehicle Vertical CG for Test No. 612051-02-1.

Date: 2019-11-05 Test No.: 612051-02-1 VIN: 1CBRREBFT4ES233643
Year: 2014 Make: RAM Model: 1200
Body Style: Quad Cab Mileage: 173058
Engine: 47 liter V-8 Transmission: Automatic
Fuel Level: Empty Ballast: 130 {440 Ib max)
Tire Pressure: Front: 35 psi Rear: 35 psi Size: 265/7/0R17
Measured Vehicle Weights: (Ib)
LF: 1388 RF: 1430 Front Axle: 2818
LR: 1137 RR: 1030 Rear Axle: 2187
Left: 2525 Right: 2480 Total: 5005
5000 2110 Ib allowed
Wheel Base:  140.50 inches Track: F: 68.50 inches R: 68.00 inches
148 +12 inches allowed Track = (F+R)/2 = 67 £1.5 inches allowed
Center of Gravity, SAE J874 Suspension Method
X 61.39 inches Rear of Front Axle (63 4 inches allowed)
Y: -0.31 inches Left - Right + of Vehicle Centerline
Z: 2812 inches  Above Ground (minumum 28.0 inches allowed)
Hood Height: 45.00 inches Front Bumper Height: 27.00 inches
43 +4 inches allowed
Front Overhang: 40.00 inches Rear Bumper Height: 30.00 inches
39 13 inches allowed
Overall Length: 227.50 inches
237 13 inches allowed
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Table D.3. Exterior Crush Measurements for Test No. 612051-02-1.

Date: 2019-11-05  Test No.: 612051-02-1 VIN No. 1CB6RREFTAES233643

Year: 2014 Make: RAM Model: 1500

VEHICLE CRUSH MEASUREMENT SHEET!

Complete When Applicable

End Damage Side Damage

Undeformed end width Bowmg: Bl X1

Corner shift: Al B2 X2
A2

End shift at frame (CDC) Bowing constant
{check one) Y1+ X2
< 4 inches 2 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 c ¢ c: c s Cs D
Number C-Measurements {CDC) Crush L**
1 Front plane @bumper 12 2] 20 1 3 9 - - - 27
2 Side plane @bumper 12 2] 20 1 2 - - 7 9 70

Measurements recorded

inches or Dmm

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

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

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

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

M easure and document on the vehicle diagram the location of the maximum crush.

Note: Use as many lines/columns as necessary to describe each damage profile.
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Table D.4. Occupant Compartment Measurements for Test No. 612051-02-1.

Date: 2019-11-05 Test No.- 612051-02-1 VIN No.: 1C6RREFT4ES233643
Year: 2014 Make: RAM Model: 1500
OCCUPANT COMPARTMENT
- 7 N DEFORMATION IVIEASUREIVII-ENT
- Before After Differ.
\ (inches)

! E2 | E3 E4 A1 65.00 65.00 0.00
G A2 63.00 63.00 0.00
A M= A3 65.50 65.50 0.00
B1 45.00 45.00 0.00
B2 38.00 38.00 0.00
B3 45.00 45.00 0.00
B4 39.50 39.50 0.00
B5 43.00 43.00 0.00
B6 39.50 39.50 0.00
1 C1 26.00 26.00 0.00
| c2 0.00 0.00 0.00
C3 26.00 26.00 0.00
D1 11.00 11.00 0.00
D2 0.00 0.00 0.00
D3 11.50 11.50 0.00
. E1 58.50 58.50 0.00
7 i e E2 63.50 63.50 0.00
—El4— E3 63.50 63.50 0.00
l E4 63.50 63.50 0.00
— U — F 59.00 59.00 0.00
G 59.00 59.00 0.00
H 37.50 37.50 0.00
‘Lateral area across the cab from driver’s side I 37.50 37.20 0.00
<ickpanel to passenger’s side kickpanel. o 2500 55 00 0.00
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D2  SEQUENTIAL PHOTOGRAPHS

0.000 s

0.100 s

0.200 s

0.300s

Figure D.1. Sequential Photographs for Test No.612051-02-1 (Overhead and Frontal Views).
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0.400 s

0.500 s

0.600 s

0.700 s

Figure D.1. Sequential Photographs for TestNo.612051-02-1 (Overhead and Frontal Views)
(Continued).
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0.300's
Figure D.2. Sequential Photographs for TestNo.612051-02-1 (Rear View).
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Angles (degrees)

Roll, Pitch, and Yaw Angles
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-40

0 0.2

0.4
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Yaw

Axes are vehicle-fixed.
Sequence for determining
orientation:

1 Yaw.
2. Pitch.
3. Rall

0.6

1.0 12 14 1.6

Test Number: 612051-02-1

Test Standard TestNumber: MASH Test 3-21

Test Article: Guardrail transition from MGS Weak
Postsystem to MGS Strong Postsystem

Test Vehicle: 2014 RAM 1500 pickup truck

Inertial Mass: 5005 Ib

Gross Mass: 5005 Ib

ImpactSpeed: 63.2 mi/h

ImpactAngle: 25.3°

Figure D.3. Vehicle Angular Displacements for Test No. 612051-02-1.
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X Acceleration at CG
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1.0 14

Time of OIV (0.1638 sec)

— SAE Class 60 Filter

— 50-msec average

1.6

Test Number: 612051-02-1

Test Standard TestNumber: MASH Test 3-21

Test Article: Guardrail transition from MGS Weak
Postsystem to MGS Strong Postsystem

Test Vehicle: 2014 RAM 1500 pickup truck

Inertial Mass: 50051b

Gross Mass: 5005 1b

ImpactSpeed: 63.2 mi/h

ImpactAngle: 25.3°

Figure D.4. Vehicle Longitudinal Accelerometer Trace for Test No. 612051-02-1
(Accelerometer Located at Center of Gravity).
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Test Number: 612051-02-1

Test Standard TestNumber: MASH Test 3-21

Test Article: Guardrail transition from MGS Weak
Postsystem to MGS Strong Postsystem

Test Vehicle: 2014 RAM 1500 pickup truck

Inertial Mass: 5005 1b

Gross Mass: 50051b

ImpactSpeed: 63.2 mi/h

ImpactAngle: 25.3°

Figure D.5. Vehicle Lateral Accelerometer Trace for Test No. 612051-02-1
(Accelerometer Located at Center of Gravity).
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Vertical Acceleration (g)

Z Acceleration at CG
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— SAE Class 60 Filter
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0.8
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1.0 1.2 14

1.6

Test Number: 612051-02-1

Test Standard TestNumber: MASH Test 3-21

Test Article: Guardrail transition from MGS Weak
Postsystem to MGS Strong Postsystem

Test Vehicle: 2014 RAM 1500 pickup truck

Inertial Mass: 50051b

Gross Mass: 5005 1b

ImpactSpeed: 63.2 mi/h

ImpactAngle: 25.3°

Figure D.6. Vehicle Vertical Accelerometer Trace for Test No. 612051-02-1
(Accelerometer Located at Center of Gravity).



TR No. 612051-4 80 2020-03-31



APPENIDXE. MASHTEST 3-20 (CRASHTEST NO. 612051-03-1)

El VEHICLE PROPERTIES AND INFORMATION
Table E.1. Vehicle Properties for Test No. 612051-03-1.

Date:  2019-10-07 Test No.:  612051-03-1 VIN No..  KNADE223496453681
Year: 2009 Make: Kia Model: Rio
Tire Inflation Pressure: 32 PSI Odometer: 112872 Tire Size: 185/65R14

Describe any damage to the vehicle prior to test.  None

A
® Denotes accelerometer location. I % L

NOTES: None

Engine Type: 4CYL
Engine CID: 16L
Transmission Type:
Auto  or  [] Manual
FWD [] RWD [] 4wD
Optional Equipment:

None

Dummy Data:
Type: 50th Percentile Male
Mass: 165 Ib
Seat Position: |MPACT SIDE

Geometry: inches

A B56.38 F 33.00 K 1225 P 412 U 1475
B 5150 G L 2525 Q 2250 V 2075
C 165.75 H 3510 M 5775 R 1550 W 3515
D 34.00 | 7.75 N 57.70 S 825 X 7150
E 0875 J 2150 O 27.00 T 66.20

Wheel Center Ht Front 11.00 Wheel Center Ht Rear 11.00 W-H 0.00

RANGE LIMIT: A=65*3inches; C =163 £8 inches, E =88 #5inches; F = 35 #4 inches; H =39 +4 inches; O (Bottom of Hood Lip) = 24 +4 inches
TOP OF RADIATOR SUPPORT :_28_2 inches; {(M+MY¥2 =56 +2 inches;¥W-H < 2 inches or use MASH Paragraph A4.3.2

GVWR Ratings: Mass: Ib Curb Test Inertial Gross Static
Front 1718 Mtront 1600 1562 1647

Back 1874 Mrear 860 864 944

Total 3638 MTatal 2460 2426 2591

Allowable T = 2420 |b £55 |b | Allowable GSM = 2585 b £ 551b

Mass Distribution:
b LF: 785 RF: 777 LR: 428 RR: 436
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Table E.2. Exterior Crush Measurements for Test No. 612051-03-1.

Date: 2019-10-07  Test No.- 612051-03-1 VIN No.- KNADE 223496453681

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) Y1+ Y2
< 4 inches T B

> 4 inches

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

Direct Damage

Specific
Impact Plane* of Width** Max Field i © © G e Ce D
Number C-Measurements (CDC) Crush I+
1 Front plane at bumper ht 14 10 30 b 1 3 5 8 10 -12
2 Side plane at bumper ht 14 9 36 1 25 4 6 75 ] +56

Measurements recorded

inches or |:|mm

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

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

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

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

i \easure and document on the vehicle diagram the location of the maximum crush

Note: Use as many lines/columns as necessary to describe each damage profile.
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Table E.3. Occupant Compartment Measurements for Test No. 612051-03-1.

Date: 2019-10-07 Test No.- 612051-03-1 VIN No.- KNADE223496453681
Year: 2009 Make: Kia Model: Rio
= OCCUPANT COMPARTMENT
al [7 e H—_\ - DEFORMATION MEASUREMENT
F Before After Differ.
(inches)
I 6 )U A1 67.50 67.50 0.00
i RN 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 40.00 -0.50
j B4 36.25 36.25 0.00
AT A2 &Aé B5S 36.00 36.00 0.00
.02, 8 D3 &CL B6 36.25 36.25 0.00
© /1 C1 26.00 26.00 0.00
co 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
‘ D3 9.50 8.50 -1.00
E1 51.50 51.50 0.00
i EEQEZ i 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.
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E2 SEQUENTIAL PHOTOGRAPHS

0.000 s

0.100 s

0.200 s

0.300s

Figure E.1. Sequential Photographs for Test No. 612051-03-1 (Overhead and Frontal Views).
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0.400 s

0.500 s

0.600 s

0.700 s

Figure E.1. Sequential Photographs for Test No. 612051-03-1 (Overhead and Frontal Views)
(Continued).
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0.300 0.700
Figure E.2. Sequential Photographs for Test No. 612051-03-1 (Rear View).
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Roll, Pitch, and Yaw Angles
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-50
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0 0.2 0.4 0.6 0.8 1.0 1.2 14
Time (S)
— Roll  — Pitch — Yaw Test Number: 612051-03-1
Test Standard TestNumber: MASH Test 3-20
Axes are vehicle-fixed. Test Article: Guardrail transition from MGS Weak
Sequence for determining Postsystem to MGS Strong Postsystem
orientation: i Test Vehicle: 2009 Kia Rio
1 Yaw. Inertial Mass: 2426 1b
2. Pitch. Gross Mass: 2591 1b
3. Rol. ImpactSpeed: 62.6 mi/h

ImpactAngle: 25.0°

Figure E.3. Vehicle Angular Displacements for Test No. 612051-03-1.
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Longitudinal Acceleration (Q)

X Acceleration at CG
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VAT acsi

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
Time (S)

rrrrrrrrrrrrrr Time of OIV (0.1342 sec) —— SAE Class 60 Filter — 50-msec average

1.6

Test Number: 612051-03-1

Test Standard TestNumber: MASH Test 3-20

Test Article: Guardrail transition from MGS Weak
Postsystem to MGS Strong Postsystem

Test Vehicle: 2009 Kia Rio

Inertial Mass: 24261b

Gross Mass: 25911b

ImpactSpeed: 62.6 mi/h

ImpactAngle: 25.0°

Figure E.4. Vehicle Longitudinal Accelerometer Trace for Test No. 612051-03-1
(Accelerometer Located at Center of Gravity).
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Test Number: 612051-03-1

Test Standard TestNumber: MASH Test 3-20

Test Article: Guardrail transition from MGS Weak
Postsystem to MGS Strong Postsystem

Test Vehicle: 2009 Kia Rio

Inertial Mass: 2426 1b

Gross Mass: 2591 1b

ImpactSpeed: 62.6 mi/h

ImpactAngle: 25.0°

Figure E.5. Vehicle Lateral Accelerometer Trace for Test No. 612051-03-1
(Accelerometer Located at Center of Gravity).
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Vertical Acceleration (g)

Z Acceleration at CG

20

15

10

1.6

- M | | ﬂ
| | (\ ﬂ
AMH Y A MM M{\AMML& N ha
e WWWWW e Ak
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0 0.2 0.4 0.6 0.8 1.0 12 14
Time (s)
TestNumber: 612051-03-1
—— SAE Class 60 Filter —— 50-msec average ‘ Test Standard TestNumber: MASH Test 3-20

Test Article: Guardrail transition from MGS Weak
Postsystem to MGS Strong Postsystem

Test Vehicle: 2009 Kia Rio

Inertial Mass: 2426 1b

Gross Mass: 2591 1b

ImpactSpeed: 62.6 mi/h

ImpactAngle: 25.0°

Figure E.6. Vehicle Vertical Accelerometer Trace for Test No. 612051-03-1
(Accelerometer Located at Center of Gravity).



	TEST REPORT NO. 612051-4
	Disclaimer
	Technical Report Documentation Page
	Acknowledgments
	Report Authorization
	Table of Contents
	List of Figures
	List of Tables
	Chapter 1. Introduction
	1.1 Problem
	1.2 Background
	1.3 Objective

	Chapter 2. System Details
	2.1. Test Article and Installation Details
	2.2. Design Modifications during Tests
	2.3. Material Specifications
	2.4. Soil Conditions

	Chapter 3. Test Requirements and Evaluation Criteria
	3.1. Crash Test Performed / Matrix
	3.2. Evaluation Criteria

	Chapter 4. Test Conditions
	4.1. Test Facility
	4.2 Vehicle Tow and Guidance System
	4.3 Data Acquisition Systems
	4.3.1 Vehicle Instrumentation and Data Processing
	4.3.2 Anthropomorphic Dummy Instrumentation
	4.3.3 Photographic Instrumentation Data Processing


	Chapter 5. MASH Test 3-21 (Crash Test No. 612051-02-1)
	5.1 Test Designation and Actual Impact Conditions
	5.2 Weather Conditions
	5.3 Test Vehicle
	5.4 Test Description
	5.5 Damage to Test Installation
	5.6 Vehicle Damage
	5.7 Occupant Risk Factors

	Chapter 6. MASH Test 3-20 (Crash Test No. 612051-03-1)
	6.1 Test Designation and Actual Impact Conditions
	6.2 Weather Conditions
	6.3 Test Vehicle
	6.4 Test Description
	6.5 Damage to Test Installation
	6.6 Vehicle Damage
	6.7 Occupant Risk Factors

	Chapter 7. Summary and Conclusions
	7.1 Assessment of Test Results
	7.1.1 MASH Test 3-20 (Crash Test No. 612051-03-1)
	7.1.2 MASH Test 3-21 (Crash Test No. 612051-02-1)

	7.2 Conclusions

	References
	Appendix A.  Details of the Transition
	Appendix B. Supporting Certification Documents
	Appendix C.  Soil Properties
	Appenidx D. MASH Test 3-21 (Crash Test No. 612051-02-1)
	D1 Vehicle Properties and Information
	D2 Sequential Photographs
	D3 Vehicle Angular Displacements
	D4 Vehicle Accelerations

	Appenidx E. MASH Test 3-20 (Crash Test No. 612051-03-1)
	E1 Vehicle Properties and Information
	E2 Sequential Photographs
	E3 Vehicle Angular Displacements
	E4 Vehicle Accelerations


