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DISCLAIMER

This research was performed in cooperation with the Texas Department of Transportation
(TxDOT) and the Federal Highway Administration (FHWA). The contents of this report reflect
the views of the authors, who are responsible for the facts and the accuracy of the data presented
herein. The contents do not necessarily reflect the official view or policies of FHWA or TxDOT.

This report does not constitute a standard, specification, or regulation. This report is not
intended for construction, bidding, or permit purposes. The engineer in charge of the project was
Roger P. Bligh, P.E. #78550.

The United States Government and the State of Texas do not endorse products or
manufacturers. Trade of manufacturers’ names appear herein solely because they are considered
essential to the object of this report.

TTI PROVING GROUND DISCLAIMER

The full-scale crash tests reported herein were

performed at the Texas A&M Transportation Institute (TTI)
Proving Ground, an International Standards Organization
(ISO)/International Electrotechnical Commission (IEC) 17025-
ACCREDITED : . ) .
rolS0 1028 Labortory accredited laboratory with American Association for

Crash testing performed at: Laboratory Accreditation (A2LA) Mechanical Testing

TTI Proving Ground Certificate 2821.01. The full-scale crash tests were performed

3100 SH 47, Building 7091 according to TTI Proving Ground quality procedures, and

Bryan, TX 77807 according to the MASH guidelines and standards. The results

reported herein apply only to the articles being tested.

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

APPROXIMATE CONVERSIONS TO SI UNITS

Symbol When You Know Multiply By To Find Symbol
LENGTH
in inches 25.4 millimeters mm
ft feet 0.305 meters m
yd yards 0.914 meters m
mi miles 1.61 kilometers km
AREA
in2 square inches 645.2 square millimeters mm?
ft? 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?
VOLUME
fl oz fluid ounces 29.57 milliliters mL
gal gallons 3.785 liters L
ft3 cubic feet 0.028 cubic meters m?3
yd?3 cubic yards 0.765 cubic meters m3
NOTE: volumes greater than 1000L shall be shown in m3
MASS
0oz ounces 28.35 grams g
Ib pounds 0.454 kilograms kg
T short tons (2000 Ib) 0.907 megagrams (or “metric ton”) Mg (or “t")
TEMPERATURE (exact degrees)
°F Fahrenheit 5(F-32)/9 Celsius °C

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

Ibf poundforce 4.45 newtons N
Ibf/in2 poundforce per square inch 6.89 kilopascals kPa
APPROXIMATE CONVERSIONS FROM SI UNITS
Symbol When You Know Multiply By To Find Symbol
LENGTH
mm millimeters 0.039 inches in
m meters 3.28 feet ft
m meters 1.09 yards yd
km kilometers 0.621 miles mi
AREA
mm?2 square millimeters 0.0016 square inches in2
m? square meters 10.764 square feet ft2
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
m?3 cubic meters 35.314 cubic feet fts
m?3 cubic meters 1.307 cubic yards yd?
MASS
g grams 0.035 ounces oz
kg kilograms 2.202 pounds Ib
Mg (or “t”) megagrams (or “metric ton”) 1.103 short tons (2000Ib) T
TEMPERATURE (exact degrees)
°C Celsius 1.8C+32 Fahrenheit °F
FORCE and PRESSURE or STRESS
N newtons 0.225 poundforce Ibf
kPa kilopascals 0.145 poundforce per square inch lb/in2

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

Since the 1940s, the United States has been crash-testing highway safety appurtenances.
National guidelines for testing roadside appurtenances originated in 1962. Guidelines for testing
and evaluating the impact performance of roadside safety features are periodically updated to
stay current with improvements in technology and changes in the vehicle fleet and impact
conditions. In 2009, the American Association of State Highway and Transportation Officials
(AASHTO) published the Manual for Assessing Safety Hardware (MASH), which supersedes the
previous crash test and evaluation guidelines (/). Changes incorporated into MASH include new
design test vehicles, revised test matrices, and revised impact conditions.

A MASH implementation agreement was jointly developed and adopted by the Federal
Highway Administration (FHWA) and AASHTO. The agreement establishes various
implementation dates for different categories of roadside safety features. On projects let after the
specified dates, only MASH-compliant hardware is eligible for new installations on the National
Highway System.

In response to the implementation requirements, the Texas Department of Transportation
(TxDOT) Bridge, Design, Maintenance, and Traffic Operations Divisions reviewed their
standards for roadside safety devices and identified those devices that require testing and
evaluation to assess MASH compliance. Under this project, 33 roadside safety systems will be
crash-tested in accordance with MASH criteria in three phases over a 3-year period.

The Texas A&M Transportation Institute (TTI) crash-tested and evaluated 10 devices in
Phase I, which included the following:

e 36-inch vertical parapet bridge rail.

e 1-inch asphalt concrete pavement lateral support for concrete median barrier.
¢ Pinning pattern for precast concrete barriers on concrete.

¢ Single and dual embedded wood post sign support systems.

e Pedestal pole with flashing beacons with and without solar assembly.

e Multi-mailbox system on TxDOT Type 1 foundation and thin-walled galvanized tube
support.

e Double mailbox system on TxDOT Type 2 foundation and thin-walled galvanized tubing.
e Double mailbox system on TxDOT Type 3 foundation and winged channel support.
In Phase I, 14 devices were crash-tested and evaluated. These included the following:
e (402 bridge rail.
e (412 bridge rail.
e (411 bridge rail.
e TI1W bridge rail.

e Guardrail with round wood posts.
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e Concrete barrier at light post.

e Single-post perforated square metal tube skid.

e Mailbox Type 4 foundation (single)—recycled rubber post.

e Mailbox Type 4 foundation (double)—thin-walled white post.
e Mailbox Type 4 foundation (multi)—Shurtite Multi Hanger.

e Mailbox Type 5 foundation (single)—wood post.

e Dual post wood skid.

¢ Guardrail steel posts in rocky terrain.

e Round wood posts in rocky terrain.

An additional 14 devices were crash-tested and evaluated in Phase III. These included the
following:

e CIW bridge rail.

e Modified C66 bridge rail.

e Low-profile barrier.

e Low-profile-to-F-shape transition.

e Thrie-beam transition.

e Wood skid sign.

e Embedded Unistrut® sign.

e Burn ban slip base sign.

e Burn ban socket sign.

e Mailbox Type 6 foundation (single) on a plastic drum.
e Mailbox Type 2 foundation (single)—extra-large.
e Mailbox Type 2 foundation (single)—lockable

e Mow strip with wood posts.

e Type III barricade.

TxDOT standards may include multiple configurations or variations of a device to
accommodate different design considerations or needs. TTI researchers developed the test plan
for each device based on consideration of critical or worst-case configuration. If a critical
configuration is successfully crash-tested, a less critical configuration of the device would also
be considered MASH compliant. This approach reduces the required number of tests to achieve
MASH compliance. The following chapters of this report provide details of the MASH testing of
the different roadside safety systems evaluated under Phase III.
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CHAPTER 2: TXDOT C1W BRIDGE RAIL

2.1 BACKGROUND

The C1W bridge rail is a variation of a rail initially developed by the Wyoming
Department of Transportation. The bridge rail is a 42-inch-tall combination rail that consists of
four rectangular tubular steel rail elements attached to fabricated steel posts mounted on a
9-inch-tall concrete curb. The bridge rail is designed to accommodate both vehicle and
pedestrian traffic. TxDOT elected to evaluate the impact performance of the C1W bridge rail for
MASH TL-4.

Under Phase II of this project, the impact performance of the TI'W bridge rail was
evaluated using the full MASH TL-3 test matrix (2). The TIW bridge rail is a 32-inch-tall rail
that consists of two rectangular tubular steel rail elements attached to fabricated steel posts
mounted on a 9-inch-tall concrete curb. The rail geometrics of the T1W bridge rail are
considered more critical than the C1W. The rail elements, post details, and curb details used in
the TIW are similar to those in the C1W bridge rail. The curb height and post setback distance
are equivalent between the two systems. The upper rail element in the TIW is at the same
mounting height as the third rail of the C1W. The lower rail element of the T1W, which is
mounted at a height of 20 inches to the top of the rail, is replaced by two rail elements at
mounting heights of 16% inches and 24”2 inches in the C1W. Thus, the C1W provides additional
rail contact surface area and reduced clear opening between rail elements, both of which reduce
the potential for vehicle snagging or high vehicle decelerations. Further, review of the TIW tests
did not indicate potential for head contact on the taller C1W bridge rail. Therefore, based on the
successful testing of the T1W bridge rail, MASH Test 4-10 with the passenger car and Test 4-11
with the pickup truck were considered unnecessary for evaluation of the C1W. Only the
structural adequacy test (MASH Test 4-12) was performed to evaluate the MASH compliance of
the C1W bridge rail.

2.2 SYSTEM DETAILS

2.2.1 Test Article and Installation Details

The TxDOT C1W test installation consisted of four rectangular tubular steel rail elements
attached to fabricated steel posts mounted on a concrete curb that was cast on an 8-inch-thick
reinforced cantilevered concrete deck. The curb was 9 inches tall and 14 inches wide, and had
embedded anchor bolts for attachment of the steel posts. The posts were spaced on 9-ft centers.
The total height of the rail was 42 inches above the deck.

Two joints extended through both the curb and deck, and a third joint extended only
through the curb. The most upstream of the three joints, which extended through the curb and
deck, was used for MASH Test 4-12 to evaluate the structural adequacy of the C1W bridge rail.
The second joint that extended through both the parapet and deck and the third joint that
extended through the curb only were used in the previous evaluation of the T1W bridge rail for
MASH Test 3-11 and Test 3-10, respectively (/).

Figure 2.1 presents overall information on the C1W bridge rail, and Figure 2.2 provides
photographs of the installation. Appendix A.l provides further details of the C1W bridge rail.
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Figure 2.1. Overall Details of the C1W Bridge Rail.
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Figure 2.2. C1W Bridge Rail prior to Testing.

2.2.2 Material Specifications

Appendix A.2 provides material certification documents for the materials used to
install/construct the C1W bridge rail.

The specified minimum unconfined compressive strength of the concrete was 4000 psi
for TxDOT Class S concrete. The compressive strength of all of the concrete used in the curb
and bridge deck measured an average of 6469 psi on October 1, 2018.
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2.3  MASH TEST 4-12 (TEST NO. 469469-1)

2.3.1 Test Designation and Actual Impact Conditions

MASH Test 4-12 involves a 10000S vehicle weighing 22,046 Ib £660 Ib impacting the
critical impact points (CIPs) of the C1W bridge rail at an impact speed of 56 mi/h £2.5 mi/h and
an angle of 15° +1.5°. The CIP for MASH Test 4-12 on the CIW bridge rail was 5.0 ft +1 ft
upstream of the joint in the deck and curb between posts 4 and 5.

The 2011 International 4300 box truck used in the test weighed 22,220 Ib, and the actual
impact speed and angle were 56 mi/h and 14°, respectively. The actual impact point was 5.3 ft
upstream of the joint in the deck and curb between posts 4 and 5. Minimum target impact
severity (IS) was 142 kip-ft, and actual IS was 136 kip-ft. Although the IS was 4% below the
recommended value, the speed and impact angle were individually within their tolerance ranges
recommended in MASH. Further, the Single Unit Truck (SUT) was contained by the test article
in a very stable manner with a maximum roll angle of only 23°, and the resulting occupant
compartment deformation was only 45% of the maximum allowed intrusion (at the floor pan).
Based on the observed impact performance of the barrier, the behavior of the SUT, and the
amount of room left within the MASH evaluation criteria, a retest was not deemed necessary.

2.3.2 Weather Conditions

The test was performed on the morning of October 17, 2018. Weather conditions at the
time of testing were as follows: wind speed: 5 mi/h; wind direction: 30° with respect to the
vehicle (vehicle was traveling in a north, northwesterly direction); temperature: 61°F; relative
humidity: 94 percent.

2.3.3 Test Vehicle

Figure 2.3 and Figure 2.4 show the 2011 International 4300 box truck that was used for
the crash test. The vehicle’s test inertia weight was 22,220 1b, and its gross static weight was
22,220 1b. The height to the lower edge of the vehicle bumper was 19 inches, and height to the
upper edge of the bumper was 34 inches. Table A.1 and Table A.2 in Appendix A.3.1 give
additional dimensions and information on the vehicle. The vehicle was directed into the
installation using the cable reverse tow and guidance system, and was released to be
freewheeling and unrestrained just prior to impact.
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Figure 2.4. Test Vehicle before Test No. 469469-1.

2.3.4 Test Description

Table 2.1 lists events that occurred during Test No. 469469-1. Figure A.1 and Figure A.2
in Appendix A.3.2 present sequential photographs during the test.

Table 2.1. Events during Test No. 469469-1.

Time | Events

0.000 | Vehicle contacts barrier

0.076 | Vehicle begins to redirect and deflect away from barrier
0.116 | Front right tire leaves pavement

0.237 | Rear left side of box frame contacts top rail

0.241 | Rear right tires leave pavement

0.248 | Vehicle is parallel with barrier

0.300 | Barrier is at maximum dynamic deflection

0.454 | Vehicle exits barrier

0.715 | Right front tire makes contact with pavement

1.234 | Left front tire makes secondary contact with curb and bottom three rails
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For longitudinal barriers, it is desirable that the vehicle redirects and exits the barrier
within the exit box criteria (not less than 65.6 ft downstream from impact for heavy vehicles).
The 100008 vehicle exited within the exit box criteria defined in MASH. After loss of contact
with the barrier, the vehicle yawed counterclockwise and came to rest 213 ft downstream of the
impact.

2.3.5 Damage to Test Installation

Figure 2.5 shows the damage to the C1W bridge rail. The bridge rails were deformed at
the location of impact. The concrete was fractured around posts 4, 5, and 6. Post 5 was leaning
back 3.1° from vertical. Post 4 was leaning back toward the protected side 5.9° from vertical and
was fractured at the weld where the vertical plates are connected to the base plate. There was a
secondary contact at post 14 to the end of the bridge rail. No damage was noticed, other than
black marks from the tire. Working width was 4 ft, and the height of the working width was
13.1 ft. Maximum dynamic deflection during the test was 0.9 ft, and maximum permanent
deformation was 0.3 ft.
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Figure 2.5. C1W Bridge Rail after Test No. 469469-1.

2.3.6 Damage to Test Vehicle

Figure 2.6 and Figure 2.7 show the damage sustained by the vehicle. The front bumper,
hood, left head light, left front tire and rim, left front spring and U-bolts, left side step, left corner
of floor pan, left front corner of box, and left rear outer tire and rim were damaged. Maximum
exterior crush to the vehicle was 14.0 inches in the front left corner. Maximum occupant
compartment deformation was 5.5 inches in the front left corner of the floor pan. Table A.3 in
Appendix A.3.1 provides details on the damage to the test vehicle.
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Figure 2.7. Interior of Test Vehicle for Test No. 469469-1.

2.3.7 Occupant Risk Factors

Data from the accelerometer, located at the vehicle center of gravity, were digitized for
evaluation of occupant risk and are shown in Table 2.2. Figure 2.8 summarizes these data and
other pertinent information from the test. Figure A.3 in Appendix A.3.3 shows the vehicle
angular displacements, and Figure A.4 through Figure A.6 in Appendix A.3.4 show
accelerations versus time traces.
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Table 2.2. Occupant Risk Factors for Test No. 469469-1.

Occupant Risk Factor Value Time
Occupant Impact Velocity (OIV) ft/s .
Loneitudi at 0.1962 seconds on left side
ongitudinal 6.2 L
of interior
Lateral 13.1
Occupant Ridedown Accelerations g
Longitudinal 1.6 (0.3084-0.3184 seconds)
Lateral 9.6 (0.2454-0.2554 seconds)
Theoretical Head Impact Velocity (THIV) m/s at (.)'1998 seconds on left side
4.5 of interior
Acceleration Severity Index (ASI) 0.68 (0.3254-0.3754 seconds)
Maximum 50-ms Moving Average g
Longitudinal -14 (0.0764-0.1264 seconds)
Lateral 5.6 (0.2958-0.3458 seconds)
Vertical 1.8 (0.4217-0.4717 seconds)
Maximum Roll, Pitch, and Yaw Angles Degrees
Roll 23 (0.7419 seconds)
Pitch 7 (0.7398 seconds)
Yaw 18 (0.4755 seconds)

2.3.8 Assessment of Results

An assessment of the test based on the applicable safety evaluation criteria for MASH

Test 4-12 is provided in Table 2.3.

24  CONCLUSIONS

The C1W bridge rail performed acceptably for MASH Test 4-12.
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General Information Impact Conditions Post-Impact Trajectory
Test Agency.............. Texas A&M Transportation Institute (TTI) Speed .....ccoeviveenne. Stopping Distance 213 ft
Test Standard Test No. MASH Test 4-12 Angle downstream
TTI Test No............... Location/Orientation 5.3 ft upstream of the joint 20 ft to field side
TestDate.................. 2018-10-17 in the deck/curb between Vehicle Stability
Test Article Maximum Yaw Angle 18°
TYPC.eeviiieii i Longitudinal barrier—bridge rail Impact Severity......... Maximum Pitch Angle.... 7°
Name.......cccceevvereans TxDOT C1W bridge rail Exit Conditions Maximum Roll Angle 23°
Installation Length..... Speed ....cccooviieennn. Vehicle Snagging Slight
Material or Key Elements Concrete deck 8 inches thick with curb Exit Trajectory/Heading Vehicle Pocketing No
9 inches tall x 14 inches wide with Occupant Risk Values Test Article Deflections
fabricated steel posts spaced at 9 ft Longitudinal OIV.......  6.2ftls DynamiC........cccceevurennne 11.1 inches
supporting four steel rails. Top at Lateral OIV............... 3.8 inches
Longitudinal Ridedown Working Width 48.1 inches
Soil Type and Condition Concrete deck, damp Lateral Ridedown ..... Working Width Height.... 157 inches
Test Vehicle THIV Vehicle Damage
Type/Designation...... ASl..cccovviiiiiiiiiieeeeee.. 068 VDS NA
Make and Model ....... 2011 International 4300, box truck Max. 0.050-s Average ~  CDC..ccccvevieiiiiieeee 11FLEW4
Curb...ccooveiiiiiiiieee Longitudinal.............. Max. Exterior Deformation 14.0 inches
Test Inertial . Lateral.. . 56g  OCDl.iiiiiiiiees NA
Dummy.......... No dummy Vertical............cce. Max. Occupant Compartment
Gross Static 5.5 inches

Figure 2.8. Summary of Results for MASH Test 4-12 on the C1W Bridge Rail.
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Table 2.3. Performance Evaluation Summary for MASH Test 4-12 on the C1W Bridge Rail.

Test Agency: Texas A&M Transportation Institute

Test No.: 469469-1

Test Date: 2018-10-17

MASH Test Evaluation Criteria Test Results Assessment
Structural Adequacy
A.  Test article should contain and redirect the vehicle or | The TxDOT C1W bridge rail redirected the
bring the vehicle to a controlled stop; the vehicle 10000S 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 during the test was
the test article is acceptable. 11.1 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 | from the test article were present to penetrate or
for penetrating the occupant compartment, or present | show potential for penetrating the occupant Pass
an undue hazard to other traffic, pedestrians, or compartment or to present hazard to others in the
personnel in a work zone. area.
Deformations of, or intrusions into, the occupant Maximum occupant compartment deformation
compartment should not exceed limits set forth in was 5.5 inches at the front left floor pan. Pass
Section 5.3 and Appendix E of MASH.
G.  Itis preferable, although not essential, that the vehicle | The 10000S vehicle remained upright during and Pass
remain upright during and after collision. after the collision event. Maximum roll was 23°.
Vehicle Trajectory
For redirective devices, it is preferable that the vehicle The 10000S vehicle exited within the exit box D .
. . o o ocumentation
be smoothly redirected and leave the barrier within the criteria. only

“exit box” criteria (not less than 65.6 ft for the 10000S
vehicle), and should be documented.







CHAPTER 3: TXDOT MODIFIED C66 BRIDGE RAIL

3.1 BACKGROUND

The T66 bridge rail is a variation of a rail initially developed by the California
Department of Transportation. The bridge rail is a concrete beam-and-post system mounted on a
9-inch curb. The 15-inch-wide concrete posts are spaced at 6 ft 6 inches center to center. A
12-inch by 12-inch concrete beam is mounted at a height of 32 inches and offset 4 inches from
the traffic face of the posts in line with the curb.

The C66 rail is a combination version of the T66 rail that is designed to accommodate
both vehicle and pedestrian traffic. The C66 rail differs from the T66 rail in two ways. First, a 8-
inch-tall steel rail element is attached to the top of the posts to achieve a total overall height of
42 inches to meet pedestrian requirements. The lateral position of the steel rail element is 10
inches from the traffic face of the concrete beam. The second variation is the addition of a steel
pipe between posts centered in the clear opening between the bottom of the concrete beam and
top of the curb. This pipe is also set back 10 inches from the traffic face of the concrete beam
and curb.

The test installation was constructed in a manner to evaluate the MASH compliance of
both the T66 and C66 bridge rail systems. The C66 steel rail element was incorporated into the
test installation to evaluate any potential occupant or vehicle interaction. Since the lower pipe
section could potentially reduce the severity of wheel snagging on the concrete posts, the lower
pipe was removed from the test installation. If the testing of the Modified C66 rail (with the
lower pipe removed) is successful, both the C66 and T66 bridge rail systems would be
considered MASH compliant.

The Modified C66 bridge rail was tested and evaluated in accordance with MASH TL-3
requirements. The full MASH TL-3 test matrix was conducted on this rail system to fully
evaluate vehicle-snagging potential on the concrete posts or any occupant or vehicle contact with
the steel steel rail element. This shall consist of test designations 3-10 (small passenger car) and
3-11 (pickup truck).

3.2 SYSTEM DETAILS

3.2.1 Test Article and Installation Details

The Modified C66 bridge rail test installation was 74 ft 4)% inches long and consisted of a
reinforced cantilevered concrete deck supporting a reinforced concrete beam-and-post bridge rail
mounted on a 9-inch-tall reinforced concrete curb. The concrete deck was 30 inches wide by
8 inches thick. The curb was 9 inches tall and 17" inches wide. Reinforced concrete posts
measuring 12 inches by 15 inches were spaced on 6-ft-6-inch centers. A 12-inch by 12-inch
longitudinal reinforced concrete beam was integrally cast with the posts such that the traffic face
of the beam was flush with the traffic side face of the curb. The traffic face of the concrete posts
was inset 4 inches from the traffic face of the beam and curb, and the top of the concrete posts
extended 2 inches above the top of the beam. The top of the rail was 32 inches above the deck
surface. A 27&-inch-diameter steel steel rail element pipe assembly was attached to the top of
each post, and the top of the steel rail element was 42 inches above the deck. Two %4-inch-wide
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joints were placed through the concrete beam, curb, and deck. A concrete post was placed on
each side of the joints.

Figure 3.1 presents the overall information on the Modified C66 bridge rail, and
Figure 3.2 provides photographs of the installation. Appendix B.1 provides further details of the
Modified C66 bridge rail.

3.2.2 Material Specifications

The minimum compressive strength of the TxDOT Class S concrete specified for the
bridge deck, curb, posts, and beam was 4000 psi. The bridge deck and support wall were cast on
September 27, 2018. The average compressive strength of the two batches of concrete used in
the deck and wall measured 5900 psi on October 31, 2018 (at 34 days). The entire curb was cast
on October 2, 2018, and its average compressive strength measured 4695 psi on October 31,
2018 (at 29 days). The posts and beam were cast on October 4, 2018, and their average
compressive strength measured 5185 psi on October 31, 2018 (at 27 days). Appendix B.2
provides the concrete strength test results for the bridge rail test installation.

Reinforcement of the bridge deck was comprised of ASTM A615 Grade 60 rebar with a
specified minimum yield strength of 60 ksi. Appendix B.2 contains mill certification sheets and
other certification documents for the materials used in the bridge deck test installation.

33 MASH TEST 3-11 (TEST NO. 469469-2-1)

3.3.1 Test Designation and Actual Impact Conditions

MASH Test 3-11 involves a 2700P vehicle weighing 5000 Ib £110 1b impacting the CIP
of the Modified C66 bridge rail at a speed of 62 mi/h £2.5 mi/h and an angle of 25° +1.5°. The
CIP for MASH Test 3-11 on the Modified C66 bridge rail was 4.3 ft upstream of the joint in the
deck, curb, and beam between posts 4 and 5.

The 2012 RAM 1500 used in the test weighed 5014 1b, and the actual impact speed and
angle were 61.8 mi/h and 24.3°, respectively. The actual impact point was 4.1 ft upstream of the

joint in the deck, curb, and beam between posts 4 and 5. Minimum target IS was 106 kip-ft, and
actual IS was 108.4 kip-ft.

3.3.2 Weather Conditions

The test was performed on the morning of October 31, 2018. Weather conditions at the
time of testing were as follows: wind speed: 10 mi/h; wind direction: 163° with respect to the
vehicle (vehicle was traveling in a northwesterly direction); temperature: 76°F; relative
humidity: 93 percent.
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Figure 3.1. Overall Details of the Modified C66 Bridge Rail.
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Figure 3.2. Modified C66 Bridge Rail prior to Testing.

3.3.3 Test Vehicle

Figure 3.3 and Figure 3.4 show the 2012 RAM 1500 that was used for the crash test. The
vehicle’s test inertia weight was 5014 Ib, and its gross static weight was 5179 1b. The height to
the lower edge of the vehicle bumper was 11.8 inches, and the height to the upper edge of the
bumper was 27 inches. The height to the vehicle’s center of gravity was 28 inches. Table B.1 and
Table B.2 in Appendix B.3.1 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 3.4. Test Vehicle before Test No. 469469-2-1.

3.3.4 Test Description

Table 3.1 lists events that occurred during Test No. 469469-2-1. Figure B.1 and
Figure B.2 in Appendix B.3.2 present sequential photographs during the test.

Table 3.1. Events during Test No. 469469-2-1.

Time | Events

0.000 | Vehicle contacts barrier

0.044 | Vehicle begins to redirect

0.146 | Left front tire lifts off pavement

0.157 | Left rear tire lifts off pavement

0.208 | Vehicle is parallel with barrier

0.245 | Right rear bumper contacts barrier

0.392 | Left front tire makes contact with pavement
Vehicle exits the barrier at 46.3 mi/h, heading 8.7° from barrier with a

0.416 . }

trajectory of 3.4° from barrier
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For longitudinal barriers, it is desirable that the vehicle redirects and exits the barrier
within the exit box criteria (not less than 32.8 ft downstream from impact for cars and pickups).
The 2270P vehicle exited within the exit box criteria defined in MASH. After loss of contact with
the barrier, the vehicle yawed counterclockwise and came to rest 185 ft downstream of the
impact point and 5 ft toward traffic lanes.

3.3.5 Damage to Test Installation

Figure 3.5 shows the damage to the Modified C66 bridge rail. Some of the edges of the
concrete at the joint between posts 4 and 5 were damaged and missing a small amount of
material. No further damage to the bridge rail was noted. Working width was 20.5 inches, and
the height of the working width was 58 inches. Maximum dynamic deflection during the test was
1.1 inches for the steel rail element on top of the concrete parapet. There was no measurable
dynamic deflection of the concrete parapet. There was no measurable permanent deflection in
either the concrete parapet or the steel rail element.
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Figure 3.5. Modified C66 Bridge Rail after Test No. 469469-2-1.

3.3.6 Damage to Test Vehicle

Figure 3.6 and Figure 3.7 show the damage sustained by the vehicle. The front bumper,
hood, radiator and support, left front fender, left front tire and rim, left frame rail, left upper and
lower A-arms, left front floor pan and kick panel, left front door and glass and left rear door, left
cab corner, left rear fender, and left rear tire and rim were damaged. Maximum exterior crush to
the vehicle was 14.0 inches in the side plane at the left front corner at bumper height. Maximum
occupant compartment deformation was 2.0 inches in the left side firewall area. Table B.3 and
Table B.4 in Appendix B.3.1 provide the exterior crush and occupant compartment
measurements of the vehicle.
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Figure 3.7. Interior of Test Vehicle for Test No. 469469-2-1
(before Test on Left; after Test on Right).

3.3.7 Occupant Risk Factors

Data from the accelerometer, located at the vehicle center of gravity, were digitized for
evaluation of occupant risk, and results are shown in Table 3.2. Figure 3.8 summarizes these
data and other pertinent information from the test. Figure B.3 in Appendix B.3.3 shows the
vehicle angular displacements, and Figure B.4 through Figure B.6 in Appendix B.3.4 show
acceleration versus time traces.
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Table 3.2. Occupant Risk Factors for Test No. 469469-2-1.

Occupant Risk Factor Value Time
Occupant Impact Velocity (OIV) ft/s .
Loneitudi at 0.1029 seconds on left side
ongitudinal 22.3 L
of interior
Lateral 23.6
QOccupant Ridedown Accelerations (g’s)
Longitudinal 4.1 (0.2233-0.2333 seconds)
Lateral 7.8 (0.2236-0.2336 seconds)
Theoretical Head Impact Velocity (THIV) s at (.)'099.7 seconds on left side
10 of interior
Acceleration Severity Index (ASI) 1.81 (0.0594-0.1094 seconds)
Maximum 50-ms Moving Average (g’s)
Longitudinal -11.8 (0.0340-0.0840 seconds)
Lateral 13.3 (0.0367-0.0867 seconds)
Vertical 4 (0.0787-0.1287 seconds)
Maximum Roll, Pitch, and Yaw Angles
Roll (degrees) 12 (0.4178 seconds)
Pitch (degrees) 7 (0.4409 seconds)
Yaw (degrees) 39 (0.7687 seconds)

3.3.8 Assessment of Results

An assessment of the tests based on the applicable safety evaluation criteria for MASH
Test 3-11 is provided in Table 3.3.

3.4  MASH TEST 3-10 (TEST NO. 469469-2-2)

3.4.1 Test Designation and Actual Impact Conditions

MASH Test 3-10 involves an 1100C vehicle weighing 2420 1b +55 1b impacting the CIP
of the Modified C66 bridge rail at an impact speed of 62 mi/h +2.5 mi/h and an angle of 25°
+1.5°. The CIP for MASH Test 3-10 on the Modified C66 bridge rail was 3.6 ft upstream of the
joint in the deck, curb, and beam between posts 8 and 9.

The 2011 Kia Rio! used in the test weighed 2448 1b, and the actual impact speed and
angle were 63.0 mi/h and 24.9°, respectively. The actual impact point was 4.0 ft upstream of the
joint in the deck, curb, and beam between posts 8 and 9. Minimum target impact severity was
51 kip-ft, and actual IS was 57.6 kip-ft.

! The 2009 model vehicle used is older than the 6-year age noted in MASH, and was selected based upon
availability. An older model vehicle is permitted by AASHTO as long as it is otherwise MASH compliant. Other
than the vehicle’s year model, this 2009 model vehicle met the MASH requirements.
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Impact Angle

i.‘ . Heading Angle

Exit Angle Box

crete

General Information
Test Agency..............
Test Standard Test No.
TTI Test No...............
Test Date...................

Test Article

Installation Length.....
Material or Key Elements

Soil Type and Condition

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

Test Inertial .
Dummy..........
Gross Static...............

Texas A&M Transportation Institute (TTI)
MASH Test 3-11

469469-2-1

2018-10-31

Longitudinal barrier—bridge rail

TxDOT Modified C66 bridge rail

75 ft 4-1/2 inches

32-inch-tall concrete beam-and-post rail
mounted on 9-inch-tall curb attached to
8-inch-thick cantilever deck; concrete
posts spaced at 6.5 ft; metal steel rail
element attached to concrete posts at
height of 42 inches

Concrete deck, damp

2270P

2012 RAM 1500
5025 Ib

5014 Ib

165 Ib

5179 1b

Impact Conditions
Speed
Angle
Location/Orientation

Impact Severity.........

Exit Conditions
Speed ....cccoeviiiiene.
Exit Trajectory/Heading

Occupant Risk Values
Longitudinal OIV.......
Lateral OIV...............
Longitudinal Ridedown
Lateral Ridedown .....

Max. 0.050-s Average
Longitudinal
Lateral............
Vertical..........coeu.

61.8 mi/h

24.3°

4.1 ft upstream of the joint
in the deck/curb between
posts 4 and 5

108.4 kip-ft

46.3 mi’h
3.4°/8.7°

22.3ft/s
23.6 ft/s

Post-Impact Trajectory

Stopping Distance.......... 185 ft
Vehicle Stability
Maximum Yaw Angle..... 39°
Maximum Pitch Angle.... 7°
Maximum Roll Angle ..... 12°
Vehicle Snagging .......... Slight
Vehicle Pocketing.......... No
Test Article Deflections
Dynamic.......cccceeeueennen. 1.1 inches
Permanent ................... None
Working Width............... 20.5 inches
Working Width Height.... 58 inches
Vehicle Damage
VDS ... 10-LFQ-5
CDC.oieeeeeeeee e 10FLEW4
Max. Exterior Deformation 14 inches
OCDI...oeiiiiiiiiiceieee LF0011000
Max. Occupant Compartment
Deformation ................ 2 inches

Figure 3.8. Summary of Results for MASH Test 3-11 on the Modified C66 Bridge Rail.
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Table 3.3. Performance Evaluation Summary for MASH Test 3-11 on the Modified C66 Bridge Rail.

Test Agency: Texas A&M Transportation Institute

Test No.: 469469-2-1

Test Date: 2018-10-31

MASH Test 3-11 Evaluation Criteria Test Results Assessment
Structural Adequacy
A.  Test article should contain and redirect the vehicle or The TxDOT Modified C66 bridge rail contained
bring the vehicle to a controlled stop; the vehicle should | and redirected the 2270P vehicle. The vehicle did
not penetrate, underride, or override the installation not penetrate, underride, or override the Pass
although controlled lateral deflection of the test article is | installation. Maximum dynamic deflection during
acceptable. the test was 1.1 inches in the metal steel rail
element.
Occupant Risk
D. Detached elements, fragments, or other debris from the No detached elements, fragments, or other debris
test article should not penetrate or show potential for from the test article were present to penetrate or
penetrating the occupant compartment, or present an show potential for penetrating the occupant
undue hazard to other traffic, pedestrians, or personnel | compartment or to present hazard to others in the Pass
in a work zone. area.
Deformations of, or intrusions into, the occupant Maximum reduction of space in the occupant
compartment should not exceed limits set forth in compartment was 2.0 inch in the driver side floor
Section 5.3 and Appendix E of MASH. pan and kick panel areas.
F. The vehicle should remain upright during and after The 2270P vehicle remained upright during and
collision. The maximum roll and pitch angles are not to after the collision event. Maximum roll was 12°, Pass
exceed 75 degrees. and maximum pitch was 7°.
H. Longitudinal and lateral occupant impact velocities Longitudinal OIV was 22.3 ft/s, and lateral OIV
should fall below the preferred value of 30 fi/s, or at least | was 23.6 ft/s. Pass
below the maximum allowable value of 40 ft/s.
1. Longitudinal and lateral occupant ridedown Maximum longitudinal 10-ms occupant ridedown
accelerations should fall below the preferred value of acceleration was 4.1 g, and maximum lateral 10-ms Pass
15.0 g, or at least below the maximum allowable value of | occupant ridedown acceleration was 7.8 g.
2049 g.
Vehicle Trajectory
For redirective devices, it is preferable that the vehicle be The 2270P vehicle exited within the exit box criteria.
smoothly redirected and leave the barrier within the “exit Documentation
box” criteria (not less than 32.8 ft for the 1100C and 2270P only
vehicles), and should be documented.




3.4.2 Weather Conditions

The test was performed on the morning of November 28, 2018. Weather conditions at the
time of testing were as follows: wind speed: 9 mi/h; wind direction: 176° with respect to the
vehicle (vehicle was traveling in a northwesterly direction); temperature: 62°F; relative
humidity: 75 percent.

3.4.3 Test Vehicle

Figure 3.9 and Figure 3.10 show the 2011 Kia Rio that was used for the crash test. The
vehicle’s test inertia weight was 2448 1b, and its gross static weight was 2613 1b. The height to
the lower edge of the vehicle bumper was 7.8 inches, and the height to the upper edge of the
bumper was 21.5 inches. Table B.5. and Table B.6. in Appendix B.4.1 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.

Figure 3.10. Test Vehicle before Test No. 469469-2-2.
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3.4.4 Test Description

Table 3.4 lists events that occurred during Test No. 469469-2-2. Figure B.7 and
Figure B.8 in Appendix B.4.2 present sequential photographs during the test.

Table 3.4. Events during Test No. 469469-2-2.

Time | Events
0.000 | Vehicle contacts barrier
0.031 | Vehicle begins to redirect
0.076 | Right rear tire lifts off pavement
0.179 | Vehicle is parallel with barrier
0.191 | Left rear bumper contacts barrier
Vehicle exits the barrier at 49.4 mi/h, heading 10.1° from barrier and a
0.293 . :
trajectory of 4.7° from barrier

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 impact for cars and pickups).
The 1100C vehicle exited within the exit box criteria defined in MASH. After loss of contact
with the barrier, the vehicle yawed counterclockwise and came to rest 184 ft downstream of the
impact point and 4 ft behind the barrier.

3.4.5 Damage to Test Installation

Figure 3.11 shows the damage to the Modified C66 bridge rail. Some of the edges of the
concrete at the joint between posts 8 and 9 were damaged and missing a small amount of
material. No further damage to the bridge rail was noted. Working width was 16 inches, and the
height of the working width was 32 inches. There was no measurable dynamic or permanent
deflection in either the concrete parapet or the steel rail element.
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Figure 3.11. Modified C66 Bridge Rail after Test No. 469469-2-2.

3.4.6 Damage to Test Vehicle

Figure 3.12 and Figure 3.13 show the damage sustained by the vehicle. The front bumper,
hood, radiator and support, left front head light, left front fender, left front strut and tower, left
front tire and rim, left A post, windshield, left front floor pan, left front and rear door, left rear
fender, rear bumper, and roof were damaged. Maximum exterior crush to the vehicle was
12.0 inches in the side plane at the left front corner above front bumper height. Maximum
occupant compartment deformation was 2.0 inches for the interior height. Table B.6 and
Table B.7 in Appendix B.4.1 provide exterior crush and occupant compartment measurements.
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Figure 3.13. Interior of Test Vehicle after Test No. 469469-2-2.

3.4.7 Occupant Risk Factors

Data from the accelerometer, located at the vehicle center of gravity, were digitized for
evaluation of occupant risk, and results are shown in Table 3.5. Figure 3.14 summarizes these
data and other pertinent information from the test. Figure B.9 in Appendix B.4.3 shows the
vehicle angular displacements, and Figure B.10 through Figure B.12 in Appendix B.4.4 show
acceleration versus time traces.
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Table 3.5. Occupant Risk Factors for Test No. 469469-2-2.

Occupant Risk Factor Value
Occupant Impact Velocity (OIV) ft/s
Longitudinal 28.5 at 0.0703 seconds on left side
Lateral 33.1
QOccupant Ridedown Accelerations (g’s)
Longitudinal 3.7 (0.5879-0.5979 seconds)
Lateral 6.7 (0.2163-0.2263 seconds)
Theoretical Head Impact Velocity (THIV) f;/; at 0.0686 seconds on left side
Acceleration Severity Index (ASI) 2.92 (0.0433-0.0933 seconds)
Maximum 50-ms Moving Average (g’s)
Longitudinal -16.2 (0.0127-0.0627 seconds)
Lateral 20.2 (0.0118-0.0618 seconds)
Vertical -34 (0.0081-0.0581 seconds)
Maximum Roll, Pitch, and Yaw Angles Degrees
Roll 18 (1.5000 seconds)
Pitch 14 (1.5000 seconds)
Yaw 43 (0.5956 seconds)

3.4.8 Assessment of Results

An assessment of the tests based on the applicable safety evaluation criteria for MASH

Test 3-10 1s provided in Table 3.6.
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General Information

Test Agency.............. Texas A&M Transportation Institute (TTI)
Test Standard Test No. MASH Test 3-10
TTl Test No............... 469469-2-2
TestDate.................. 2018-11-28

Test Article
TYPC.eeviiieii i Longitudinal barrier—bridge rail
Name.......cccceeveeeeans TxDOT Modified C66 bridge rail

75 ft 4-1/2 inches

32-inch-tall concrete beam-and-post rail
mounted on 9-inch-tall curb attached to
8-inch-thick cantilever deck; concrete
posts spaced at 6.5 ft; metal steel rail
element attached to concrete posts at
height of 42 inches

Concrete deck, damp

Installation Length.....
Material or Key Elements

Soil Type and Condition

Test Vehicle
Type/Designation...... 1100C
Make and Model ....... 2011 Kia Rio
Curb..iieiiieiee. 2458 Ib
Test Inertial . 2448 Ib
Dummy.......... 165 Ib
Gross Static............... 2613 Ib

Impact Conditions
Speed
Angle
Location/Orientation

Impact Severity.........

Exit Conditions
Speed ....cccoeviiiiene.
Exit Trajectory/Heading

Occupant Risk Values
Longitudinal OIV.......
Lateral OlV...............
Longitudinal Ridedown
Lateral Ridedown.....

Max. 0.050-s Average
Longitudinal
Lateral............
Vertical..........coeu.

63.0 mi’h

24.9°

4.0 ft upstream of the
joint in the deck/curb
between posts 8 and 9
57.6 kip*ft

49.4 mi/h
4.7°/10.1°

28.5 ft/s
33.1 ft/s
379
6.79
13.2m/s
2.92

-16.2g
20.2¢g
=349

Post-Impact Trajectory
Stopping Distance..........

Vehicle Stability
Maximum Yaw Angle.....
Maximum Pitch Angle....
Maximum Roll Angle .....
Vehicle Snagging ..........
Vehicle Pocketing..........

Test Article Deflections
Dynamic.......ccccceevvninnas
Permanent .......
Working Width
Working Width Height....

Vehicle Damage

Max. Occupant Compartment

Deformation ................

Figure 3.14. Summary of Results for MASH Test 3-10 on the Modified C66 Bridge Rail.
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Table 3.6. Performance Evaluation Summary for MASH Test 3-10 on the Modified C66 Bridge Rail.

Test Agency: Texas A&M Transportation Institute

Test No.: 469469-2-2

Test Date: 2018-11-28

MASH Test 3-10 Evaluation Criteria Test Results Assessment
Structural Adequacy
A.  Test article should contain and redirect the vehicle or The TxDOT Modified C66 bridge rail contained
bring the vehicle to a controlled stop; the vehicle should | and redirected the 1100C vehicle. The vehicle did
not penetrate, underride, or override the installation not penetrate, underride, or override the Pass
although controlled lateral deflection of the test article is | installation. There was no measurable dynamic
acceptable. deflection during the test.
Occupant Risk
D. Detached elements, fragments, or other debris from the No detached elements, fragments, or other debris
test article should not penetrate or show potential for from the test article were present to penetrate or
penetrating the occupant compartment, or present an show potential for penetrating the occupant
undue hazard to other traffic, pedestrians, or personnel | compartment or to present hazard to others in the Pass
in a work zone. area.
Deformations of, or intrusions into, the occupant Maximum reduction of space in the occupant
compartment should not exceed limits set forth in compartment was 2.0 inches between the floor and
Section 5.3 and Appendix E of MASH. roof.
F. The vehicle should remain upright during and after The 1100C vehicle remained upright during and
collision. The maximum roll and pitch angles are not to after the collision event. Maximum roll was 18°, Pass
exceed 75 degrees. and maximum pitch was 14°.
H. Longitudinal and lateral occupant impact velocities Longitudinal OIV was 28.5 ft/s, and lateral OIV
should fall below the preferred value of 30 fi/s, or at least | was 33.1 ft/s. Pass
below the maximum allowable value of 40 fi/s.
1. Longitudinal and lateral occupant ridedown Maximum longitudinal 10-ms occupant ridedown
accelerations should fall below the preferred value of acceleration was 3.7 g, and maximum lateral 10-ms Pass
15.0 g, or at least below the maximum allowable value of | occupant ridedown acceleration was 6.7 g.
2049 g.
Vehicle Trajectory
For redirective devices, it is preferable that the vehicle be | The 1100C vehicle exited within the exit box
smoothly redirected and leave the barrier within the “exit | criteria. Documentation
box” criteria (not less than 32.8 ft for the 1100C and only
2270P vehicles), and should be documented.




3.5 CONCLUSIONS

The TxDOT Modified C66 bridge rail contained and redirected the 2270P vehicle. The
vehicle did not penetrate, underride, or override the installation. Maximum dynamic deflection
during the test was 1.1 inches at the steel rail element, and there was no measurable permanent
deformation. 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 2.0 inches in the driver side floor pan and
kick panel areas. The 2270P vehicle remained upright during and after the collision event.
Maximum roll and pitch angles were 12° and 7°, respectively. Occupant risk factors were within
the preferred limits specified in MASH. The 2270P vehicle exited within the exit box criteria.

The TxDOT Modified C66 bridge rail contained and redirected the 1100C vehicle. The
vehicle did not penetrate, underride, or override the installation. There was no measurable
dynamic or permanent deformation. 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 2 inches between
the floor and roof. The 1100C vehicle remained upright during and after the collision event.
Maximum roll and pitch angles were 18° and 14°, respectively. Occupant risk factors were
within the acceptable limits specified in MASH. The 1100C vehicle exited within the exit box
criteria.

The TxDOT Modified C66 bridge rail performed acceptably according to MASH TL-3
evaluation criteria as shown in Table 3.7.

Table 3.7. Assessment Summary for MASH TL-3 Tests
on TxDOT Modified C66 Bridge Rail.

Evaluation Evaluation Test No. Test No.
Factors Criteria 469469-2-1 469469-2-2
Structural
Adequacy A S S
D S S
Occupant F S S
Risk H S S
I S S
MASH Test MASH Test
Test No. 3-11 3-10
Pass/Fail Pass Pass

S = Satisfactory
U = Unsatisfactory
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CHAPTER 4: TXDOT LOW-PROFILE BARRIER

41 BACKGROUND

Details of the low-profile precast concrete barrier are found in TxDOT standard detail
LCPB-13. This 20-inch-tall barrier provides improved sight distance for turning maneuvers
within low-speed work zone areas. A negative slope on the face of the barrier helps improve
vehicle stability during a vehicle impact.

The full MASH test matrix was performed on the low-profile barrier to assess vehicle
stability, occupant risk, and dynamic deflection. The TL-2 matrix included Test 2-10 with the
small passenger car and Test 2-11 with the pickup truck. The target CIPs selected for the tests
were determined according to information provided in MASH Section 2.3.2, Table 2-7.

4.2 SYSTEM DETAILS

4.2.1 Test Article and Installation Details

The low-profile barrier test installation was approximately 200 ft long. It consisted of
10 precast reinforced concrete barriers that were each 20 ft long and 20 inches tall. The width at
the base of the barrier sections was 26 inches and flared out to 28 inches at the top. Adjacent
segments were connected with two threaded rods that were inserted into a trough and passed
through holes cast into the ends of each segment. Each threaded rod was secured with a plate
washer, flat washer, and nut on each end.

Eight of the barriers (numbers 2 through 9) were newly constructed for these tests by a
TxDOT-approved contractor. The two end segments (numbers 1 and 10) used to complete the
installation were taken from existing TTI inventory.

Figure 4.1 presents overall information on the low-profile barrier, and Figure 4.2
provides photographs of the installation. Appendix C.1 provides further details of the low-profile
barrier.

4.2.2 Material Specifications

Appendix C.2 provides material certification documents and information on the concrete
used to install/construct the low-profile barrier.
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Figure 4.1. Overall Details of the Low-Profile Barrier.
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Figure 4.2. Low-Profile Barrier prior to Testing.

43  MASH TEST 2-11 (TEST NO. 469469-3-2)

4.3.1 Test Designation and Actual Impact Conditions

MASH Test 2-11 involves a 2700P vehicle weighing 5000 Ib £110 Ib impacting the CIP
of the low-profile barrier at an impact speed of 44 mi/h £2.5 mi/h and an angle of 25° +1.5°. The
CIP for MASH Test 2-11 on the low-profile barrier was 2.6 ft upstream of the joint between
segments 5 and 6.

The 2015 RAM 1500 used in the test weighed 5011 b, and the actual impact speed and
angle were 44.4 mi/h and 25.1°, respectively. The actual impact point was 2.9 ft upstream of the

joint between segments 5 and 6. Minimum target impact severity was 52 kip-ft, and actual IS
was 59.4 kip-ft.

4.3.2 Weather Conditions

The test was performed on the morning of June 6, 2019. Weather conditions at the time
of testing were as follows: wind speed: 5 mi/h; wind direction: 315° with respect to the vehicle
(vehicle was traveling at a magnetic heading of 0°); temperature: 79°F; relative humidity:

82 percent.
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4.3.3 Test Vehicle

Figure 4.3 and Figure 4.4 show the 2015 RAM 1500 that was used for the crash test. The
vehicle’s test inertia weight was 5011 Ib, and its gross static weight was 5011 Ib. The height to
the lower edge of the vehicle bumper was 11.8 inches, and height to the upper edge of the
bumper was 27 inches. The height to the vehicle’s center of gravity was 28.4 inches. Table C.1
and Table C.2 in Appendix C.3.1 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.

Figure 4.4. Test Vehicle before Test No. 469469-3-2.

4.3.4 Test Description

Table 4.1 lists events that occurred during Test No. 469469-3-2. Figure C.1 and
Figure C.2 in Appendix C.3.2 present sequential photographs during the test.
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Table 4.1. Events during Test No. 469469-3-2.

Time | Events

0.000 | Vehicle contacts barrier

0.080 | Vehicle begins to redirect

0.100 | Right front tire leaves pavement

0.138 | Right rear tire leaves pavement

0.301 | Vehicle is parallel with barrier

0.333 | Rear left bumper corner makes contact with barrier

0.578 Vehicle exits barrier at 34.4 mi/h at a trajectory angle of 10.6° and a heading
' angle of 3.2°

0.684 | Right front makes contact with pavement

1.455 | Secondary impact with front left bumper of vehicle and low-profile barrier

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 impact for cars and pickups).
The 2270P vehicle exited within the exit box criteria defined in MASH. After loss of contact with
the barrier, the vehicle yawed counterclockwise and came to rest 120 ft downstream of the point
of impact and 2 ft behind the traffic side of the barrier facing approximately 2° to the left. Brakes
were not applied.

4.3.5 Damage to Test Installation

Figure 4.5 shows the damage to the low-profile barrier. The field side top corners were
broken for a distance ranging from 10 to 18 inches on the downstream end of barrier segments 4,
5, and 7. There was minor cosmetic damage on the traffic side of barrier segments 5 and 6 near
the joint. Table 4.2 shows the permanent field side displacement measured at the joints between
segments.

Working width? was 36.6 inches, and the height of maximum working width was
20 inches. Maximum dynamic deflection during the test was 8.6 inches, and the maximum
permanent deflection was 8.5 inches.

2 Working width is defined as the distance between the traffic face of the barrier before impact and the maximum
lateral position of any major part of the barrier or the vehicle after impact.
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Figure 4.5. Low-Profile Barrier after Test No. 469469-3-2.

Table 4.2. Measured Displacement of Barrier, Test No. 469469-3-2.

TR No. 0-6946-R3

Location Displacement (Inches)
Joint 4-5 4

Joint 5-6 8.5

Joint 6-7 5.5

Joint 7-8 1
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4.3.6 Damage to Test Vehicle

Figure 4.6 and Figure 4.7 show the damage sustained by the vehicle. The front bumper,
left front fender, left front tire and rim, left front door, left rear door, left rear door, left cab
corner, left rear fender, left rear rim, and rear bumper were damaged. Maximum exterior crush to
the vehicle was 2 inches in the side plane at the left front corner at bumper height. There was no
observed occupant compartment deformation. Table C.3 and Table C.4 in Appendix C.3.1
provide exterior crush and occupant compartment measurements.

Figure 4.7. Interior of Test Vehicle for Test No. 469469-3-2
(before Test on Left; after Test on Right).

4.3.7 Occupant Risk Factors

Data from the accelerometer, located at the vehicle center of gravity, were digitized for
evaluation of occupant risk, and results are shown in Table 4.3. Figure 4.8 summarizes these
data and other pertinent information from the test. Figure C.3 in Appendix C.3.3 shows the
vehicle angular displacements, and Figure C.4 through Figure C.6 in Appendix C.3.4 show
acceleration versus time traces.
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Table 4.3. Occupant Risk Factors for Test No. 469469-3-2.

Occupant Risk Factor Value Time
Occupant Impact Velocity (OIV) ft/s .
Loneitudi at 0.1298 seconds on left side
ongitudinal 15.1 L
of interior
Lateral 16.1
QOccupant Ridedown Accelerations (g’s)
Longitudinal 2.6 (0.8807—-0.8907 seconds)
Lateral 5.6 (0.3473-0.3573 seconds)
m/s i
Theoretical Head Impact Velocity (THIV) at O 125.2 seconds on left side
6.7 of interior
Acceleration Severity Index (ASI) 1.1 (0.0690-0.1190 seconds)
Maximum 50-ms Moving Average (g’s)
Longitudinal -7.3 (0.0405-0.0905 seconds)
Lateral 7.9 (0.0446-0.0946 seconds)
Vertical -2 (0.0301-0.0801 seconds)
Maximum Roll, Pitch, and Yaw Angles Degrees
Roll 22 (0.4391 seconds)
Pitch 10 (0.7849 seconds)
Yaw 31 (0.4870 seconds)

4.3.8 Assessment of Results

An assessment of the tests based on the applicable safety evaluation criteria for MASH

Test 2-11 is provided in Table 4.4.
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General Information
Test Agency..............
Test Standard Test No.
TTI Test No. ......
Test Date...................

Test Article

Installation Length.....
Material or Key Elements

Soil Type and Condition

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

Texas A&M Transportation Institute (TTI)
MASH Test 2-11

469469-3-2

2019-06-06

Longitudinal barrier—low profile
TxDOT low-profile barrier

200 ft

Precast concrete barrier segments
connected with two threaded rods
Concrete deck, damp

2270P

2015 RAM 1500
4967 Ib

5011 Ib

No dummy
5011 Ib

Impact Conditions Post-Impact Trajectory

Speed......ccoovveeeeennn. 44 .4 mi/h Stopping Distance..........
Angle ..., 25.1°
Location/Orientation 2.9 ft upstream of the joint Vehicle Stability

between segments 5 and Maximum Yaw Angle.....
6 Maximum Pitch Angle....

Impact Severity......... 59.4 kip-ft Maximum Roll Angle .....
Exit Conditions Vehicle Snagging ..........
Speed ....cccooviieennn. 34.4 mi/h Vehicle Pocketing..........
Exit Trajectory/Heading 10.6°/3.2° Test Article Deflections
Occupant Risk Values Dynamic.........coceevvueeenne
Longitudinal OIV....... 15.1 ft/s Permanent ....................
Lateral OlV............... 16.1 ft/s Working Width...............
Longitudinal Ridedown 2.6g Working Width Height....
Lateral Ridedown..... 56¢g Vehicle Damage
THIV 6.7 m/s VDS e
ASle 1.1 CDC.oieeeeeeee e
Max. 0.050-s Average Max. Exterior Deformation
Longitudinal.............. =739 OCDI...oeiiiiiiieee
Lateral 799 Max. Occupant Compartment
Vertical -2g Deformation ................

Figure 4.8. Summary of Results for MASH Test 2-11 on the Low-Profile Barrier.
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Table 4.4. Performance Evaluation Summary for MASH Test 2-11 on the Low-Profile Barrier.

Test Agency: Texas A&M Transportation Institute

Test No.: 469469-3-2

Test Date: 2019-06-06

MASH Test 2-11 Evaluation Criteria Test Results Assessment
Structural Adequacy
A.  Test article should contain and redirect the vehicle or The TxDOT low-profile barrier contained and
bring the vehicle to a controlled stop; the vehicle should | redirected the 2270P vehicle. The vehicle did not
not penetrate, underride, or override the installation penetrate, underride, or override the installation. Pass
although controlled lateral deflection of the test article is | Maximum dynamic deflection during the test was
acceptable. 8.6 inches.
Occupant Risk
D. Detached elements, fragments, or other debris from the No detached elements, fragments, or other debris
test article should not penetrate or show potential for from the test article were present to penetrate or
penetrating the occupant compartment, or present an show potential for penetrating the occupant
undue hazard to other traffic, pedestrians, or personnel | compartment or to present hazard to others in the Pass
in a work zone. area.
Deformations of, or intrusions into, the occupant No occupant compartment deformation or intrusion
compartment should not exceed limits set forth in was observed.
Section 5.3 and Appendix E of MASH.
F.  The vehicle should remain upright during and after The 2270P vehicle remained upright during and
collision. The maximum roll and pitch angles are not to | after the collision event. Maximum roll was 22°, Pass
exceed 75 degrees. and maximum pitch was 10°.
H.  Longitudinal and lateral occupant impact velocities Longitudinal OIV was 15.1 ft/s, and lateral OIV
should fall below the preferred value of 30 fi/s, or at least | was 16.1 ft/s. Pass
below the maximum allowable value of 40 fi/s.
1. Longitudinal and lateral occupant ridedown Maximum longitudinal 10-ms occupant ridedown
accelerations should fall below the preferred value of acceleration was 2.6 g, and maximum lateral 10-ms Pass
15.0 g, or at least below the maximum allowable value of | occupant ridedown acceleration was 5.6 g.
2049 g.




44  MASH TEST 2-10 (TEST NO. 469469-3-1)

4.4.1 Test Designation and Actual Impact Conditions

MASH Test 2-10 involves a 1100C vehicle weighing 2420 Ib £55 1b impacting the CIP of
the low-profile barrier at an impact speed of 44 mi/h +2.5 mi/h and an angle of 25° +1.5°. The
CIP for MASH Test 2-10 on the low-profile barrier was 3.3 ft upstream of the joint between
segments 5 and 6.

The 2009 Kia Rio® used in the test weighed 2440 Ib, and the actual impact speed and
angle were 44.0 mi/h and 25.1°, respectively. The actual impact point was 3.6 ft upstream of the
joint between segments 5 and 6. Minimum target impact severity was 25 kip-ft, and actual IS
was 29 kip-ft.

4.4.2 Weather Conditions

The test was performed on the morning of June 14, 2019. Weather conditions at the time
of testing were as follows: wind speed: 11 mi/h; wind direction: 187° with respect to the vehicle
(vehicle was traveling at a magnetic heading of 0°); temperature: 84°F; relative humidity:

73 percent.

4.4.3 Test Vehicle

Figure 4.9 and Figure 4.10 show the 2009 Kia Rio that was used for the crash test. The
vehicle’s test inertia weight was 2440 Ib, and its gross static weight was 2605 Ib. The height to
the lower edge of the vehicle bumper was 7.8 inches, and height to the upper edge of the bumper
was 21.5 inches. Table C.5 in Appendix C.4.1 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.

3 The 2009 model vehicle used is older than the 6-year age noted in MASH and was selected based upon availability.
An older model vehicle is permitted by AASHTO as long as it is otherwise MASH compliant. Other than the
vehicle’s year model, this 2009 model vehicle met the MASH requirements.
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Figure 4.10. Test Vehicle before Test No. 469469-3-1.

4.4.4 Test Description

Table 4.5 lists events that occurred during Test No. 469469-3-1. Figure C.7 and
Figure C.8 in Appendix C.4.2 present sequential photographs during the test.

Table 4.5. Events during Test No. 469469-3-1.

Time | Events

0.000 | Vehicle contacts barrier

0.051 | Vehicle begins to redirect

0.231 | Vehicle is parallel with barrier

0.253 | Left rear bumper makes contact with barrier

0.263 | Maximum dynamic barrier deflection of 4.9 inches

0.455 Vehicle exits barrier at 30.6 mi/h at a trajectory angle of 9.4° and a heading
) angle of 7.2°

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 impact for cars and pickups).
The 1100C vehicle exited within the exit box criteria defined in MASH. After loss of contact
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with the barrier, the vehicle yawed counterclockwise and came to rest 128 ft downstream of the

point of impact and 13 ft on the traffic side of the barrier. Brakes were not applied.

4.4.5 Damage to Test Installation

Figure 4.11 shows the damage to the low-profile barrier. There was concrete spalling,
approximately 1% inches wide and 16 inches long, and cracks on the traffic face upstream end
top edge of barrier 6. Table 4.6 shows the permanent field side displacement measured at the

joints between segments.

Table 4.6. Measured Displacement of Barrier, Test No. 469469-3-1.

Location Displacement (Inches)
Joint 4-5 2

Joint 5-6 4.3

Joint 6-7 1

Working width* was 32.9 inches, and the height of maximum working width was
20 inches. Maximum dynamic deflection during the test was 4.9 inches, and maximum

permanent deflection was 4.3 inches.

4 Working width is defined as the distance between the traffic face of the barrier before impact and the maximum
lateral position of any major part of the barrier or the vehicle after impact.
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Figure 4.11. Low-Profile Barrier after Test No. 469469-3-1.

4.4.6 Damage to Test Vehicle

Figure 4.12 and Figure 4.13 show the damage sustained by the vehicle. The front bumper,
left front tire and rim, left rear door, left front fender, rear bumper, and left rear fender were
damaged. Maximum exterior crush to the vehicle was 6 inches in the side plane at the left front
corner at bumper height. There was no observed occupant compartment deformation. Table C.6
and Table C.7 in Appendix C.4.1 provide exterior crush and occupant compartment
measurements.
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Figure 4.13. Interior of Test Vehicle for Test No. 469469-3-1
(before Test on Left; after Test on Right).

4.4.7 Occupant Risk Factors

Data from the accelerometer, located at the vehicle center of gravity, were digitized for
evaluation of occupant risk, and results are shown in Table 4.7. Figure 4.14 summarizes these
data and other pertinent information from the test. Figure C.9 in Appendix C.4.3 shows the
vehicle angular displacements, and Figure C.10 through Figure C.12 in Appendix C.4.4 show
acceleration versus time traces.

TR No. 0-6946-R3 49 2020-05-28




Table 4.7. Occupant Risk Factors for Test No. 469469-3-1.

Occupant Risk Factor Value Time
Occupant Impact Velocity (OIV) ft/s .
Loneitudi at 0.0993 seconds on left side
ongitudinal 14.4 L
of interior
Lateral 174
QOccupant Ridedown Accelerations (g’s)
Longitudinal 2.9 (0.1044-0.1144 seconds)
Lateral 7.9 (0.2652-0.2752 seconds)
m/s ;
Theoretical Head Impact Velocity (THIV) at (.)'095.8 seconds on left side
6.8 of interior
Acceleration Severity Index (ASI) 14 (0.0433-0.0933 seconds)
Maximum 50-ms Moving Average (g’s)
Longitudinal -6.9 (0.0239-0.0739 seconds)
Lateral 10.3 (0.0136-0.0636 seconds)
Vertical -1.9 (0.0447-0.0947 seconds)
Maximum Roll, Pitch, and Yaw Angles Degrees
Roll 6 (1.9864 seconds)
Pitch 3 (0.3690 seconds)
Yaw 32 (0.8730 seconds)

4.4.8 Assessment of Results

An assessment of the tests based on the applicable safety evaluation criteria for MASH

Test 2-10 1s provided in Table 4.8.
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General Information
Test Agency..............
Test Standard Test No.
TTI Test No. ......
Test Date...................

Test Article

Installation Length.....
Material or Key Elements

Soil Type and Condition

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

Texas A&M Transportation Institute (TTI)
MASH Test 2-10

469469-3-2

2019-06-14

Longitudinal barrier—low profile
TxDOT low-profile barrier

200 ft

Precast concrete barrier segments
connected with two threaded rods
Concrete deck, damp

1100C

2009 Kia Rio
2451 1b
2440 1b

165 1b

2605 Ib

Impact Conditions
Speed......ccoovveeeeennn.
Angle ..o,
Location/Orientation

Impact Severity.........

Exit Conditions
Speed ....cccooviieennn.
Exit Trajectory/Heading

Occupant Risk Values
Longitudinal OIV.......
Lateral OIV...............
Longitudinal Ridedown
Lateral Ridedown .....

Max. 0.050-s Average
Longitudinal..............
Lateral
Vertical

44 mi/h
25.1°

Post-Impact Trajectory
Stopping Distance..........

3.6 ft upstream of the joint Vehicle Stability

between segments 5 and
6
29 kip*ft

30.6 mi/h
9.4°/7.2°

14.4 ft/s
17.4 ft/s
29g
79¢
6.8 m/s
1.4

-6.9g
10.3 g
-19¢g

Maximum Yaw Angle.....
Maximum Pitch Angle....
Maximum Roll Angle .....
Vehicle Snagging ..........
Vehicle Pocketing..........
Test Article Deflections
Dynamic.........coceevvueeenne
Permanent ....................
Working Width...............
Working Width Height....
Vehicle Damage

Max. Occupant Compartment
Deformation ................

Figure 4.14. Summary of Results for MASH Test 2-10 on the Low-Profile Barrier.
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Table 4.8. Performance Evaluation Summary for MASH Test 2-10 on the Low-Profile Barrier.

Test Agency: Texas A&M Transportation Institute

Test No.: 469469-3-1

Test Date: 2019-06-14

MASH Test 2-10 Evaluation Criteria Test Results Assessment
Structural Adequacy
A.  Test article should contain and redirect the vehicle or The TxDOT low-profile barrier contained and
bring the vehicle to a controlled stop; the vehicle should | redirected the 1100C vehicle. The vehicle did not
not penetrate, underride, or override the installation penetrate, underride, or override the installation. Pass
although controlled lateral deflection of the test article is | Maximum dynamic deflection during the test was
acceptable. 4.9 inches.
Occupant Risk
D. Detached elements, fragments, or other debris from the No detached elements, fragments, or other debris
test article should not penetrate or show potential for from the test article were present to penetrate or
penetrating the occupant compartment, or present an show potential for penetrating the occupant
undue hazard to other traffic, pedestrians, or personnel | compartment or to present hazard to others in the Pass
in a work zone. area.
Deformations of, or intrusions into, the occupant No occupant compartment deformation or intrusion
compartment should not exceed limits set forth in was observed.
Section 5.3 and Appendix E of MASH.
F.  The vehicle should remain upright during and after The 1100C vehicle remained upright during and
collision. The maximum roll and pitch angles are not to after the collision event. Maximum roll was 6°, Pass
exceed 75 degrees. and maximum pitch was 3°.
H. Longitudinal and lateral occupant impact velocities Longitudinal OIV was 14.4 ft/s, and lateral OIV
should fall below the preferred value of 30 fi/s, or at least | was 17.4 ft/s. Pass
below the maximum allowable value of 40 fi/s.
1. Longitudinal and lateral occupant ridedown Maximum longitudinal 10-ms occupant ridedown
accelerations should fall below the preferred value of acceleration was 2.9 g, and maximum lateral 10-ms Pass
15.0 g, or at least below the maximum allowable value of | occupant ridedown acceleration was 7.9 g.
2049 g.




45  CONCLUSIONS

The TxDOT low-profile barrier contained and redirected the 2270P vehicle. The vehicle
did not penetrate, underride, or override the installation. Maximum dynamic deflection during
the test was 8.6 inches, and maximum permanent deformation was 8.5 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. There was no observed
occupant compartment deformation. The 2270P vehicle remained upright during and after the
collision event. Maximum roll and pitch angles were 22° and 10°, respectively. Occupant risk
factors were within the preferred limits specified in MASH. The 2270P vehicle exited within the
exit box criteria.

The TxDOT low-profile barrier contained and redirected the 1100C vehicle. The vehicle
did not penetrate, underride, or override the installation. Maximum dynamic deflection during
the test was 4.9 inches, and maximum permanent deformation was 4.3 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. There was no observed
occupant compartment deformation. The 1100C vehicle remained upright during and after the
collision event. Maximum roll and pitch angles were 6° and 3°, respectively. Occupant risk
factors were within the allowable limits specified in MASH. The 1100C vehicle exited within the
exit box criteria.

The TxDOT low-profile barrier performed acceptably according to MASH TL-2
evaluation criteria as shown in Table 4.9.

Table 4.9. Assessment Summary for MASH TL-2 Tests
on TxDOT Low-Profile Barrier.

Evaluation Evaluation Test No. Test No.
Factors Criteria 469469-3-2 469469-3-1
Structural
Adequacy A S 5
D S S
Occupant F S S
Risk H S S
I S S
Test No. MASH Test MASH Test
2-11 2-10
Pass/Fail Pass Pass

S = Satisfactory
U = Unsatisfactory
N/A = Not applicable
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CHAPTER 5: TXDOT LOW-PROFILE-TO-F-SHAPE TRANSITION

5.1 BACKGROUND

This transition barrier segment is used to connect the 20-inch-tall low-profile barrier
(LPCB-13) to the 32-inch-tall F-shape portable concrete barrier (CSB[1]-10). The low-profile
barrier is a TL-2 system intended for use on lower-speed roadways, whereas the F-shape barrier
is a TL-3 system suitable for use on high-speed roadways.

The transition is used when a segment of highway is transitioning from a low-speed to a
high-speed section. Since the transition barrier segment is attached to the low-profile barrier on
one end, it was considered appropriate to test and evaluate the transition segment using the same
test level used for the low-profile barrier. This is analogous to testing a guardrail-to-bridge-rail
transition to the same level as the approach guardrail, as opposed to the higher level of the bridge
rail. Once the transition to a standard barrier height has been made, the roadway speed limits can
be adjusted to those that are consistent with the taller TL-3 F-shape barrier.

Previous research under which the low-profile-to-F-shape transition was developed and
tested was reviewed to help determine recommended tests for establishing MASH compliance
and the critical impact points for those tests (3). Travel from both directions (i.e., F-shape to low
profile and low profile to F-shape) was considered. The previous testing under National
Cooperative Highway Research Program (NCHRP) Report 350 demonstrated that the pickup
truck was much more stable traveling from the F-shape barrier to the low-profile barrier than in
the opposite direction (3). Additionally, previous impact simulations with the 820C passenger car
under NCHRP Report 350 impact conditions showed that the small car was very stable when
impacting from both directions of the transition section, but traveling from the F-shape barrier
toward the low-profile barrier was more critical.

It was determined that two tests should be performed to verify the impact performance of
the low-profile-to-F-shape transition under MASH criteria. Test 2-20 with the small passenger
car was performed with the vehicle traveling from the F-shape barrier toward the low-profile
barrier. Although previous simulations indicated stable performance, the impact angle for
Test 2-20 increased from 20° under NCHRP Report 350 to 25° under MASH. Therefore, since
the increase in impact angle could aggravate vehicle stability, Test 2-20 was performed in the
critical direction of travel. Test 2-21 with the pickup truck was performed with the vehicle
traveling from the low-profile barrier toward the F-shape barrier. This was the critical direction
of travel based on the previous crash testing.

5.2 SYSTEM DETAILS

5.2.1 Test Article and Installation Details

Low-profile-to-F-shape transition installation consisted of five 20-ft-long low-profile
barriers, one 10-ft-long transition section, and three 30-ft-long F-shape precast reinforced
concrete barrier segments set end to end. The barriers were placed freestanding (not attached or
anchored) on a concrete surface.
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The low-profile barrier segments were 20 inches tall, 28 inches wide at the top, and
26 inches wide at the bottom. They were connected to each other and to the transition section
using two 1%-inch-diameter steel rods with a plate washer, flat washer, and nut on each end.
These steel rods were inserted into a trough and passed through holes cast into the ends of the
low-profile barrier and transition sections.

The F-shape barrier segments were 32 inches tall, 9% inches wide at the top, and
24 inches wide at the bottom. The F-shape barrier segment placed adjacent to the transition
section was connected to the transition section using a cross-bolt connection consisting of two
7/8-inch-diameter rods with a plate washer, flat washer, and nut on each end. The rods passed
through holes cast in the ends of the barrier segments at two different elevations forming an X in
plan view and terminated in recesses cast into the sides of the barriers. This F-shape barrier
section had a bent plate connection on the other end opposite the transition section. The portion
of the plate that protruded from the end of the barrier had a J-shape that interlocked with a
corresponding J-shaped bent plate on the adjacent F-shape barrier. The other two F-shape
barriers had the J-shaped bent plate connection on each end.

The transition barrier segment transitioned from a 20-inch-tall low-profile barrier section
on one end to a 32-inch-tall F-shape profile on the other end. The height and shape transitioned
to the F-shape profile over a distance of 7.5 ft. The last 2.5 ft of the transition section had an
F-shape profile to accommodate the cross-bolt connection to the adjacent F-shape barrier
segment. The transition section had two 3-inch-tall by 24-inch-long drainage scuppers cast into
the bottom 2 ft from each end.

Figure 5.1 presents overall information on the low-profile-to-F-shape transition, and
Figure 5.2 provides photographs of the installation. Appendix D.1 provides further details of the
low-profile-to-F-shape transition.

5.2.2 Material Specifications

The minimum compressive strength of the TxDOT Class C concrete specified for the
transition section was 3600 psi. The transition barrier segment was cast on June 28, 2019. The
average compressive strength of the single batch of concrete used in the transition measured
6213 psion July 29, 2019 (at 31 days). An existing low-profile barrier segment was cored on
August 2, 2019, and its compressive strength measured 8170 psi.

Reinforcement of the transition barrier segment was comprised of Grade 60 rebar with a
specified minimum yield strength of 60 ksi.

Appendix D.2 provides material certification documents and information on the concrete
used to install/construct a low-profile-to-F-shape transition.

TR No. 0-6946-R3 56 2020-05-28



UoRE|[EjSU| 1581 €40 | 193YS 05731 81B9S 5§39 £g umelq
0E-G0-610E uonisues) adeys-H o) 3jyold MO P-GaPEIH 1weloid

T 5
punaus Buineld S1IMSU| ‘g - | sleuleg sjuol || 021 ®Ios
- cOMmr.__“_mhM“M:on_m_mM_%.fn_ Ebﬂﬂ“ﬁhﬂﬁw [eaidfl “s|iEjep uonaauUoD) oy Y lleed
Rl = = 6L-80d 1B JO | 193YS 988 —
4
0Z 1| 2e2s 0Z 1) @eas juiof yoea je saoejd ¢ [ea1dh) A
JAYSEPN 18| PUB ISYSEAN TINN
-0 uolpag g-g uonoag 0E X .8/.@ 0Z ' L ®B0s
poy papeasy) 19 g lleleq
- 97— ot FZ -
‘\ [7 i I BT = 1L ]
O S S S A \ poy papeaiy] /g
s e
lt—— 82—
| ™ (™ xay Aneay g/s NN
bt Z/16 AN B|OY L@ LM
|
. pauapleH 3vs g// ‘eysepp —! ™, Wl l XX uF
0L-(1)gs0 Bumelq LOQax ] 89g “_J8lsep Ble|d
(Z %) SuON2auUOD) SHOOH [T Yiim 5 ~
oluieg odeys-4 08 10GXL . 61-80d1 yeiq Sumeiq LOOXL 335
g MB3IA UoieAS|T _.|_.m._ Sialuegq ajyold moT 211 LOaX] -1
\ i
[ | T N - = e T T T T ]
7 Lu%
g J8iLRg PUGAH J/0G-8S0I7 - SHOOH 2,1_._. = \—lawieg uopisuel] adeysg-4 o} ajuodd mo 100x1 =0
[t w008 .
v Mmalp ueld
= s =1=] =1 =] =1=] =1 =] =]

uoljejjelsu| 1se |

Is of Low-Profile-to-F-Shape Transition.

i

Figure 5.1. Overall Deta

57 2020-05-28

TR No. 0-6946-R3



Figure 5.2. Low-Profile-to-F-Shape Transition prior to Testing.

5.3 MASH TEST 2-20 (TEST NO. 469469-4-1)

5.3.1 Test Designation and Actual Impact Conditions

MASH Test 2-20 involves a 1100C vehicle weighing 2420 1b £55 1b impacting the CIP of
a low-profile-to-F-shape transition at an impact speed of 44 mi/h +2.5 mi/h and an angle of 25°
+1.5°. The CIP for MASH Test 2-20 on a low-profile-to-F-shape transition was 30 inches
downstream of joint 3-4 (between the transition and F-shape barriers) as determined through
previous finite element impact simulations (3).

The 2008 Kia Rio’ used in the test weighed 2420 Ib, and the actual impact speed and
angle were 45.3 mi/h and 24.6°, respectively. The actual impact point was 27.9 inches

5 The 2008 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
2008 model vehicle met the MASH requirements.
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downstream of joint 3-4. Minimum target impact severity was 25 kip-ft, and actual IS was
28.8 kip-ft.

5.3.2 Weather Conditions

The test was performed on the morning of July 29, 2019. Weather conditions at the time
of testing were as follows: wind speed: 10 mi/h; wind direction: 18° with respect to the vehicle
(vehicle was traveling at a magnetic heading of 205°); temperature: 88°F; relative humidity:

70 percent.

5.3.3 Test Vehicle

The 2008 Kia Rio shown in Figure 5.3 and Figure 5.4 was used for the crash test. The
vehicle’s test inertia weight was 2420 1b, and its gross static weight was 2585 1b. 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 D.1 in Appendix D.3.1 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.

Figure 5.3. Low-Profile-to-F-Shape Transition/Test Vehicle Geometrics for Test No.
469469-4-1.
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Figure 5.4. Test Vehicle before Test No. 469469-4-1.

5.3.4 Test Description

Table 5.1 lists events that occurred during Test No. 469469-4-1. Figure D.1 and
Figure D.2 in Appendix D.3.2 present sequential photographs during the test.

Table 5.1. Events during Test No. 469469-4-1.

Time | Events

0.000 | Vehicle contacts barrier

0.022 | Vehicle begins to redirect

0.024 | Transition barrier begins to displace toward field side

0.039 | Transition barrier No. 4 begins to displace toward field side

0.062 | Low-profile barrier No. 5 begins to displace toward field side

0.127 | Front left tire leaves pavement

0.174 | Vehicle is parallel with barrier

0.237 | Right rear corner of vehicle impacts transition barrier

0.263 | Rear left tire leaves pavement

0.383 thicle loses contact with barrier. 'Vehicle exits barrier at 37.1 mi{h ata
) trajectory angle of 9.8° and a heading angle of 15.3° from the barrier.
0.385 | Right front tire makes contact with pavement

0.532 | Left front tire makes contact with pavement

For longitudinal barriers, it is desirable that the vehicle redirects and exits the barrier
within the exit box criteria (not less than 32.8 ft downstream from impact for cars and pickups).
The 1100C vehicle exited within the exit box criteria defined in MASH. After loss of contact
with the barrier, the vehicle yawed counterclockwise and came to rest 150 ft downstream of the
point of impact and 75 ft behind the traffic side of the barrier facing approximately 45° to the left
of downstream. Brakes were applied 3.1 second after impact.
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5.3.5 Damage to Test Installation

Figure 5.5 shows the damage to the low-profile-to-F-shape transition system. The barriers
were pushed toward the field side 8 inches at the joint between barriers 3 and 4, 6 inches at the
joint between barriers 4 and 5, and 2 inches at the joint between barriers 5 and 6. There was an
area of concrete damage 18 inches up from the bottom and 48 inches long on the traffic-side
downstream end of barrier 3.

Working width® was 36 inches, and the height of maximum working width was 0 inches
(toe of the barrier). Maximum dynamic deflection during the test was 8 inches, and maximum
permanent deflection was 8 inches.

® Working width is defined as the distance between the traffic face of the barrier before impact and the maximum
lateral position of any major part of the barrier or the vehicle after impact.
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Figure 5.5. Low-Profile-to-F-Shape Transition after Test No. 469469-4-1.

5.3.6 Damage to Test Vehicle

Figure 5.6 and Figure 5.7 show the damage sustained by the vehicle. The front bumper,
right front fender, right front tire and rim, right strut tower, right rear door, right head light, hood,
right rear fender, right rear tire and rim, and rear bumper were damaged. Maximum exterior
crush to the vehicle was 7 inches in the side plane at the right front corner at bumper height.
There was no measurable occupant compartment deformation. Table D.2 and Table D.3 in
Appendix D.3.1 provide exterior crush and occupant compartment measurements.
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Figure 5.7. Interior of Test Vehicle for Test No. 469469-4-1
(before Test on Left; after Test on Right).

5.3.7 Occupant Risk Factors

Data from the accelerometer, located at the vehicle center of gravity, were digitized for
evaluation of occupant risk, and results are shown in Table 5.2. Figure 5.8 summarizes these
data and other pertinent information from the test. Figure D.3 in Appendix D.3.3 shows the
vehicle angular displacements, and Figure D.4 through Figure D.6 in Appendix D.3.4 show
acceleration versus time traces.
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Table 5.2. Occupant Risk Factors for Test No. 469469-4-1.

Occupant Risk Factor Value Time
Occupant Impact Velocity (OIV) ft/s )
Loneitudi at 0.0882 seconds on right
ongitudinal 15.4 . e
side of interior
Lateral 23.6
QOccupant Ridedown Accelerations (g’s) ft/s?
Longitudinal 2.1 (0.2382-0.2482 seconds)
Lateral 7.8 (0.2308-0.2408 seconds)
m/s i
Theoretical Head Impact Velocity (THIV) a.t 0'085.5 sef:onds on right
8.6 side of interior
Acceleration Severity Index (ASI) 1.7 (0.0477-0.0977 seconds)
Maximum 50-ms Moving Average (g’s) ft/s?
Longitudinal -7.1 (0.0319-0.0819 seconds)
Lateral -12.8 (0.0303-0.0803 seconds)
Vertical -2.5 (0.0182-0.0682 seconds)
Maximum Roll, Pitch, and Yaw Angles Degrees
Roll 17 (0.4889 seconds)
Pitch 8 (1.1183 seconds)
Yaw 59 (2.0000 seconds)

5.3.8 Assessment of Results

An assessment of the tests based on the applicable safety evaluation criteria for MASH

Test 2-20 is provided in Table 5.3.
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General Information Impact Conditions Post-Impact Trajectory
Test Agency.............. Texas A&M Transportation Institute (TTI) Speed .....cccoveveeennn. 45.3 mi/h Stopping Distance.......... 150 ft downstrm;
Test Standard Test No. MASH Test 2-20 Angle .....ccocoiiinnnn. 24.6° 75 ft toward traffic
TTI Test No. ............. 469469-4-1 Location/Orientation 27.9 inches downstream side
Test Date 2019-07-29 of joint 3-4 Vehicle Stability
Test Article Impact Severity......... 28.8 kip-ft Maximum Yaw Angle..... 59°
Type..coiiiiieieeeiis Longitudinal barrier—transition Exit Conditions Maximum Pitch Angle.... 8°
Name.......ccocoeveeeeies TxDOT low-profile-to-F-shape transition Speed .....cccovvveiennn. 37.1 mi/h Maximum Roll Angle ..... 17°
Installation Length..... 200 ft 2 inches Exit Trajectory/Heading 9.8°/15.3° Vehicle Snagging .......... No
Material or Key Elements 10 ft concrete shape transition section Occupant Risk Values Vehicle Pocketing.......... No
between 5 low-profile barrier segments Longitudinal OIV....... 15.4 ft/s Test Article Deflections
and 3 F-shape barrier segments Lateral OIV............... 23.6 ft/s Dynamic.......cccceeeeiinnes 8 inches
Soil Type and Condition Concrete deck, damp Longitudinal Ridedown 2.1 g Permanent .................... 8 inches
Test Vehicle Lateral Ridedown ..... 789 Working Width............... 36 inches
Type/Designation...... 1100C 8.6 m/s Working Width Height.... 0 inches
Make and Model ....... 2008 Kia Rio 79¢ Vehicle Damage
2461 Ib 1.7 VDS oo 10-RFQ-2
2420 Ib Max. 0.050-s Average CDC . 10RLEW2
Dummy ......ccoveeeeenne 165 Ib, on impact side Longitudinal.............. =719 Max. Exterior Deformation 7 inches
Gross Static .............. 2585 Ib Lateral........ccccceeneee. -12.8¢ OCDI...oeiiiiiiieee LF0000000
Vertical.........ccccuueee... -25¢g Max. Occupant Compartment
Deformation ................ 0 inches

Figure 5.8. Summary of Results for MASH Test 2-20 on Low-Profile-to-F-Shape Transition.
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Table 5.3. Performance Evaluation Summary for MASH Test 2-20 on Low-Profile-to-F-Shape Transition.

Test Agency: Texas A&M Transportation Institute

Test No.: 469469-04-1

Test Date: 2019-07-29

MASH Test 2-10 Evaluation Criteria Test Results Assessment
Structural Adequacy
A.  Test article should contain and redirect the vehicle or The TxDOT low-profile-to-F-shape transition
bring the vehicle to a controlled stop; the vehicle should | contained and redirected the 1100C vehicle. The
not penetrate, underride, or override the installation vehicle did not penetrate, underride, or override the Pass
although controlled lateral deflection of the test article is | installation. Maximum dynamic deflection during
acceptable. the test was 8 inches.
Occupant Risk
D. Detached elements, fragments, or other debris from the No detached elements, fragments, or other debris
test article should not penetrate or show potential for from the test article were present to penetrate or
penetrating the occupant compartment, or present an show potential for penetrating the occupant
undue hazard to other traffic, pedestrians, or personnel | compartment or to present hazard to others in the Pass
in a work zone. area.
Deformations of, or intrusions into, the occupant No occupant compartment deformation or intrusion
compartment should not exceed limits set forth in was observed.
Section 5.3 and Appendix E of MASH.
F. The vehicle should remain upright during and after The 1100C vehicle remained upright during and
collision. The maximum roll and pitch angles are not to after the collision event. Maximum roll was 17°, Pass
exceed 75 degrees. and maximum pitch was 8°.
H. Longitudinal and lateral occupant impact velocities Longitudinal OIV was 15.4 ft/s, and lateral OIV
should fall below the preferred value of 30 fi/s, or at least | was 23.6 ft/s. Pass
below the maximum allowable value of 40 fi/s.
1. Longitudinal and lateral occupant ridedown Maximum longitudinal 10-ms occupant ridedown
accelerations should fall below the preferred value of acceleration was 2.1 g, and maximum lateral 10-ms Pass
15.0 g, or at least below the maximum allowable value of | occupant ridedown acceleration was 7.8 g.
20.49 g.
Vehicle Trajectory
For redirective devices, it is preferable that the vehicle be | The 1100C vehicle exited within the exit box
smoothly redirected and leave the barrier within the “exit | criteria. Documentation
box” criteria (not less than 32.8 ft for the 1100C and only
2270P vehicles), and should be documented.




5.4  MASH TEST 2-21 (TEST NO. 469469-4-2)

5.4.1 Test Designation and Actual Impact Conditions

MASH Test 2-21 involves a 2270P vehicle weighing 5000 Ib =110 Ib impacting the CIP
of a low-profile-to-F-shape transition at an impact speed of 44 mi/h £2.5 mi/h and an angle of
25° £1.5°. The CIP for MASH Test 2-11 on the low-profile-to-F-shape transition was at the joint
between segments 5 and 6 (between the low-profile barriers and the transition) as determined by
previous finite element impact simulations (3).

The 2015 RAM 1500 used in the test weighed 5030 1b, and the actual impact speed and
angle were 44.3 mi/h and 24.4°, respectively. The actual impact point was at the joint between
segments 5 and 6. Minimum target impact severity was 52 kip-ft, and actual IS was 56.3 kip-ft.

5.4.2 Weather Conditions

The test was performed on the morning of August 1, 2019. Weather conditions at the
time of testing were as follows: wind speed: 1 mi/h; wind direction: 155° with respect to the
vehicle (vehicle was traveling at a magnetic heading of 335°); temperature: 89°F; relative
humidity: 68 percent.

5.4.3 Test Vehicle

The 2015 RAM 1500 shown in Figure 5.9 and Figure 5.10 was used for the crash test.
The vehicle’s test inertia weight was 5030 Ib, and its gross static weight was 5030 Ib. The height
to the lower edge of the vehicle bumper was 11.8 inches, and height to the upper edge of the
bumper was 27 inches. The height to the vehicle’s center of gravity was 28.9 inches. Table D.4
and Table D.5 in Appendix D.4.1 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.

Figure 5.9. Low-Profile-to-F-Shape Transition/Test Vehicle Geometrics for Test
No. 469469-4-2.
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Figure 5.10. Test Vehicle before Test No. 469469-4-2.

5.4.4 Test Description

The 2015 RAM 1500, traveling at an impact speed of 56 mi/h, contacted the low-profile-
to-F-shape transition at an impact angle of 24.4°. Table 5.4 lists events that occurred during Test
No. 469469-4-2. Figure D.7 and Figure D.8 in Appendix D.4.2 present sequential photographs
during the test.

Table 5.4. Events during Test No. 469469-4-2.

Time | Events

0.000 | Vehicle contacts barrier

0.048 | Vehicle begins to redirect

0.342 | Vehicle is parallel with barrier

0.052 | Transition and low-profile barrier begins to displace toward field side
0.075 | F-shape barrier No. 7 begins to displace toward field side

0.101 | Right front tire lifts off pavement

0.346 | Left rear bumper impacts transition barrier

0.376 | Right rear tire lifts off pavement

Vehicle loses contact with barrier. Vehicle exits at a speed of 35.5 mi/h,
0.549 | with a trajectory angle of 6.4° and a heading angle of 0.4° toward the
barrier.

0.680 | Right front tire makes contact with pavement

0.883 | Right rear tire makes contact with pavement

For longitudinal barriers, it is desirable that the vehicle redirects and exits the barrier
within the exit box criteria (not less than 32.8 ft downstream from impact for cars and pickups).
The 2270P vehicle exited within the exit box criteria defined in MASH. After loss of contact with
the barrier, the vehicle yawed counterclockwise and came to rest 150 ft downstream of the point
of impact and 27 ft on the field side of the barrier. Brakes were applied 4.2 s after impact.
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5.4.5 Damage to Test Installation

Figure 5.11 shows the damage to the low-profile-to-F-shape transition system. The
barriers were pushed toward the field side 1 inch at the joint between barriers 4 and 5, 9 inches at
the joint between barriers 5 and 6, and 14 inches at the joint between barriers 6 and 7. There was
concrete damage to the upstream traffic faces of barriers 6 and 7, and the concrete face was
spalled on the upstream end of the field side of barrier 5. Working width’ was 38.5 inches, and
the height of maximum working width was 0 inches (at the toe of the barrier). Maximum
dynamic deflection during the test was 14.5 inches, and the maximum permanent deflection was
14.0 inches.

7 Working width is defined as the distance between the traffic face of the barrier before impact and the maximum
lateral position of any major part of the barrier or the vehicle after impact.
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Figure 5.11. Low-Profile-to-F-Shape Transition after Test No. 469469-4-2.

5.4.6 Damage to Test Vehicle

Figure 5.12 and Figure 5.13 show the damage sustained by the vehicle. The front left
bumper, left front tire and rim, left front door, left front fender, left headlight, and left front
A-arm were damaged. Maximum exterior crush to the vehicle was 13 inches in the side plane at
the left front corner at bumper height. There was no measurable occupant compartment
deformation. Table D.6 and Table D.7 in Appendix D.4.1 provide exterior crush and occupant
compartment measurements.
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Figure 5.13. Interior of Test Vehicle for Test No. 469469-4-2
(before Test on Left; after Test on Right).

5.4.7 Occupant Risk Factors

Data from the accelerometer, located at the vehicle center of gravity, were digitized for
evaluation of occupant risk, and results are shown in Table 5.5. Figure 5.14 summarizes these
data and other pertinent information from the test. Figure D.9 in Appendix D.4.3 shows the
vehicle angular displacements, and Figure D.10 through Figure D.12 in Appendix D.4.4 show
acceleration versus time traces.

TR No. 0-6946-R3 71 2020-05-28



Table 5.5. Occupant Risk Factors for Test No. 469469-4-2.

Occupant Risk Factor Value Time
Occupant Impact Velocity (OIV) ft/s .
Loneitudi at 0.1332 seconds on left side
ongitudinal 12.8 L
of interior
Lateral 14.1
QOccupant Ridedown Accelerations (g’s) ft/s?
Longitudinal 2.0 (0.7312-0.7412 seconds)
Lateral 6.8 (0.3773-0.3873 seconds)
F )
Theoretical Head Impact Velocity (THIV) ms at O 128.5 seconds on left side
5.8 of interior
Acceleration Severity Index (ASI) 1.03 (0.0636-0.1136 seconds)
Maximum 50-ms Moving Average (g’s) ft/s?
Longitudinal —5.6 (0.0354-0.0854 seconds)
Lateral 7.2 (0.0441-0.0941 seconds)
Vertical -3.5 (0.0499-0.0999 seconds)
Maximum Roll, Pitch, and Yaw Angles Degrees
Roll 7 (0.5262 seconds)
Pitch 7 (0.7546 seconds)
Yaw 26 (0.3909 seconds)

5.4.8 Assessment of Results

An assessment of the tests based on the applicable safety evaluation criteria for MASH

Test 2-21 1s provided in Table 5.6.
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General Information
Test Agency..............
Test Standard Test No.
TTI Test No. .............
TestDate.......ccc.....

Test Article

Installation Length.....
Material or Key Elements

Soil Type and Condition

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

Test Inertial ...............
Dummy ......coovevinenne
Gross Static ..............

Figure 5.14. Summary of Results for MASH Test 2-11 on Low-Profile-to-F-Shape Transition.

Texas A&M Transportation Institute (TTI)

MASH Test 2-21
469469-4-2
2019-08-01

Longitudinal barrier—low profile
TxDOT low-profile-to-F-shape transition

200 ft

10 ft concrete shape transition section
between 5 low-profile barrier segments
and 3 F-shape barrier segments
Concrete deck, damp

2270P

2015 RAM 1500
4944 b

5030 Ib

No dummy
5030 Ib

Impact Conditions
Speed ......cccoveeeeenn.
Angle ..o,
Location/Orientation

Impact Severity.........

Exit Conditions
Speed .....cccoveveeennn.
Exit Trajectory/Heading

Occupant Risk Values
Longitudinal OIV.......
Lateral OlV...............
Longitudinal Ridedown
Lateral Ridedown .....

Max. 0.050-s Average
Longitudinal..............
Lateral
Vertical..........coeu.

44.3 mi/h

24 .4°

At the center of joints 5
and 6

56.3 kip*ft

35.5 mith
6.3°/0.4°

12.8 ft/s
141 ft/s

Post-Impact Trajectory
Stopping Distance..........

Vehicle Stability
Maximum Yaw Angle.....
Maximum Pitch Angle....
Maximum Roll Angle .....
Vehicle Snagging ..........
Vehicle Pocketing..........

Test Article Deflections
Dynamic.......ccccceeeiinnns
Permanent .......
Working Width...............
Working Width Height....

Vehicle Damage

Max. Occupant Compartment

Deformation ................

150 ft downstrm;
27 ft on field side
of barrier

14.5 inches
14 inches
38.5 inches
0 inches

10-LFQ-2
10FLEW2
6 inches
LF0000000

0 inches
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Table 5.6. Performance Evaluation Summary for MASH Test 2-21 on Low-Profile-to-F-Shape Transition.

Test Agency: Texas A&M Transportation Institute

Test No.: 469469-04-2

Test Date: 2019-08-01

MASH Test 2-11 Evaluation Criteria Test Results Assessment
Structural Adequacy
A.  Test article should contain and redirect the vehicle or The TxDOT low-profile-to-F-shape transition
bring the vehicle to a controlled stop; the vehicle should contained and redirected the 2270P vehicle. The
not penetrate, underride, or override the installation vehicle did not penetrate, underride, or override Pass
although controlled lateral deflection of the test article is the installation. Maximum dynamic deflection
acceptable. during the test was 14.5 inches.
Occupant Risk
D. Detached elements, fragments, or other debris from the test | No detached elements, fragments, or other debris
article should not penetrate or show potential for from the test article were present to penetrate or
penetrating the occupant compartment, or present an show potential for penetrating the occupant
undue hazard to other traffic, pedestrians, or personnel in | compartment or to present hazard to others in the Pass
a work zone. area.
Deformations of, or intrusions into, the occupant No occupant compartment deformation or
compartment should not exceed limits set forth in intrusion was observed.
Section 5.3 and Appendix E of MASH.
F. The vehicle should remain upright during and after The 2270P vehicle remained upright during and
collision. The maximum roll and pitch angles are not to after the collision event. Maximum roll was 7°, Pass
exceed 75 degrees. and maximum pitch was 7°.
H. Longitudinal and lateral occupant impact velocities should | Longitudinal OIV was 12.8 ft/s, and lateral OIV
fall below the preferred value of 30 ft/s, or at least below was 14.1 ft/s. Pass
the maximum allowable value of 40 ft/s.
1. Longitudinal and lateral occupant ridedown accelerations | Maximum longitudinal 10-ms occupant ridedown
should fall below the preferred value of 15.0 g, or at least | acceleration was 2.0 g, and maximum lateral Pass
below the maximum allowable value of 20.49 g. 10-ms occupant ridedown acceleration was 6.8 g.
Vehicle Trajectory
For redirective devices, it is preferable that the vehicle be The 2270P vehicle exited within the exit box
smoothly redirected and leave the barrier within the “exit criteria. Documentation
box” criteria (not less than 32.8 ft for the 1100C and 2270P only
vehicles), and should be documented.




5.5 CONCLUSIONS

In Test 2-20, the TxDOT low-profile-to-F-shape transition contained and redirected the
1100C vehicle. The vehicle did not penetrate, underride, or override the installation. Maximum
dynamic deflection during the test was 8 inches, and permanent deformation was 8 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. There was no
observed occupant compartment deformation. The 1100C vehicle remained upright during and
after the collision event. Maximum roll and pitch angles were 17° and 8°, respectively. Occupant
risk factors were within the preferred limits specified in MASH. The 1100C vehicle exited within
the exit box criteria.

In Test 2-21, the TxDOT low-profile-to-F-shape transition contained and redirected the
2270P vehicle. The vehicle did not penetrate, underride, or override the installation. Maximum
dynamic deflection during the test was 14.5 inches, and permanent deformation was 14 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. There was no
observed occupant compartment deformation. The 2270P vehicle remained upright during and
after the collision event. Maximum roll and pitch angles were 7° and 7°, respectively. Occupant
risk factors were within the preferred limits specified in MASH. The 2270P vehicle exited within
the exit box criteria.

The TxDOT low-profile-to-F-shape transition performed acceptably according to MASH
TL-2 evaluation criteria as shown in Table 5.7.

Table 5.7. Assessment Summary for MASH TL-2 Tests
on TxDOT Low-Profile-to-F-Shape Transition.

Evaluation Evaluation Test No. Test No.
Factors Criteria 469469-4-1 469469-4-2
Structural
Adequacy A S 5
D S S
Occupant F S S
Risk H S S
I S S
Test No. MASH Test MASH Test
2-20 2-21
Pass/Fail Pass Pass

S = Satisfactory
U = Unsatisfactory
N/A = Not applicable
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CHAPTER 6: TXDOT THRIE-BEAM TRANSITION TO CONCRETE
BARRIER WITHOUT END SHOE BLOCK

6.1 BACKGROUND

When guardrail is used at a bridge approach, the stiffness of the more flexible metal beam
guard fence is transitioned to the rigid concrete bridge parapet using a nested thrie-beam
transition section with reduced post spacing. This thrie-beam transition section has been
previously tested to MASH at both the upstream and downstream ends (4, 5). When the transition
system was tested at the downstream end near its connection to a safety-shaped concrete parapet,
a tapered steel block was positioned under the end shoe to keep it in a vertical plane.

The TxDOT variation of this transition, which is detailed in standard GF(31)TR, does not
use the tapered blockout but rather twists the nested thrie beam and end shoe into the sloped
barrier face. It was decided to test the downstream transition without the tapered end shoe block
to determine if this configuration is MASH compliant.

The critical test for evaluating the need for the tapered end shoe block is MASH test
designation 3-21 with the 2270P pickup truck. The stability of the pickup truck is most likely to
be affected by the sloping thrie-beam rail adjacent to the bridge rail parapet. The standard detail
sheet for the thrie-beam transition permits the use of three different post types: W6x8.5 steel
posts, 7-inch-diameter round wood posts, and 6-inch by 8-inch rectangular wood posts.
Researchers consider the W6x8.5 steel post to be the most critical condition for post snagging.
Therefore, the steel post option was used in the full-scale crash test. By using the most critical
post type, a successful result would also be applicable to the other post types permitted in the
standard.

TxDOT bridge rail standards include two systems that have sloped faces that attach to the
TL-3 thrie-beam transition. These are a 32-inch F-shape parapet (Type T551) and a 36-inch
single slope traffic rail (SSTR). The SSTR has an 11° slope on the traffic face compared to a 6.5°
slope on the upper face of the F-shape parapet. The greater slope of the SSTR made it the more
critical profile for evaluating the thrie-beam transition without end shoe block. A successful
result with the more critical SSTR would also be applicable to the T551 F-shape bridge rail.

6.2 SYSTEM DETAILS

6.2.1 Test Article and Installation Details

The bridge parapet constructed for the test was a 36-inch-tall SSTR. A 12.5-ft-long
section of nested, 12-gauge thrie-beam rail was attached to the face of the SSTR using a
10-gauge thrie-beam terminal connector. The nested thrie-beam rail was twisted toward the
sloped traffic face of the SSTR such that the terminal connector lay approximately flush with the
surface of the parapet. The terminal connector was then attached to the parapet using five
7/8-inch A325 hex head through bolts.

The first post supporting the nested thrie-beam transition section was located 12% inches
upstream from the end of the bridge rail end. The next five posts were spaced 18% inches center
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to center. Each of these first six posts were 7-ft-long W6x8.5 steel posts embedded 52 inches
below grade.

The nested thrie-beam rail was transitioned to a single 12-gauge W-beam rail over a
distance of 6 ft 3 inches, using a 10-gauge, asymmetrically tapered transition section. The three
posts positioned along this section of the transition were 6-ft-long W6x8.5 posts spaced at
37% inches on center, which resulted in a post on each end and at midspan of the thrie-beam-to-
W-beam transition piece. Routered wood blockouts nominally measuring 6 inches by 8 inches by
18 inches were used along the length of the thrie beam and the first two posts of the asymmetric
transition section to offset the rail from the posts.

A 50-ft length of 31-inch-tall W-beam guardrail was attached to the upstream end of the
asymmetric transition section. The guardrail consisted of a 12-gauge W-beam rail supported on
6-ft-long W6x8.5 steel posts spaced at 6 ft 3 inches. The W-beam rail was offset from the posts
using routered wood blockouts nominally measuring 6 inches by 8 inches by 14 inches. The
upstream end of the installation terminated with a TxDOT downstream anchor terminal.

A 12-foot-long section of 5%-inch-tall reinforced concrete curb was constructed beneath
the nested thrie-beam transition rail beginning at the end of the concrete parapet. The back of the
curb was % inch from the traffic side face of the posts.

Figure 6.1 presents overall information on the thrie-beam transition without end shoe
block, and Figure 6.2 provides photographs of the installation. Appendix E.1 provides further
details of the thrie-beam transition without end shoe block.

6.2.2 Material Specifications

The minimum compressive strength of the TxXDOT Class C concrete specified for the
curb was 3600 psi. Part base of curb was cast on May 24, 2019. The average compressive
strength of the single batch of concrete used in the base of thecurb was 4091 psi on August 8,
2019 (at 76 days).

The minimum compressive strength of the TxDOT Class A concrete specified for the
curb was 3000 psi. The curb segment was cast on May 29, 2019. The average compressive
strength of the single batch of concrete used in the curb was 5601 psi on August 8, 2019 (at
71 days).

Appendix E.2 provides material certification documents and information on the materials
used to install/construct the thrie-beam transition without end shoe block.

6.2.3 Soil Conditions

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

TR No. 0-6946-R3 78 2020-05-28



uonE|EsulIsaL §Jo | 1esyg 0Z1iL 2Eag 539 Ag umeiq —
20-B0-6LOZ adojg 8|Buig 0] UoNiSUBL] G-GIFEIRH 108loid
punougy Buinoiy aymnsuyj
- uolsing Alunoag [easiyd uonepodsuelj ".
pue {jajeg sp|speoy WBY SEX3] = LL - € S1s04 @ |eaidA )
0Z : | 8[E2S
‘spuiaf jied Wweag-auy | (e je A V-V uonoss
21 % pue ‘spiol les wesg-p |2 18 g X [eoidh) o) 180 [[BJBIENE SBUBIL-OPIAN 7/
'$)0g ,8/S (B UO SINN [IBIpIEnS) passaosy ‘q) O PR SRR e L
‘pIEPUEIS HSY 0} paloedwon
‘aseq peol auojsawl| paysnio g apelb (+00z)so
=PI OLHSYY Yim sajoy 1sod |lyyoeg "Bl
i
@83 - L0gda4d
—log |leipiensy /1|
£09a84 W€
jlog |leipiens) 0
A
Y
qL0-9ad A
?a.w_.}. _.__U_..—m___.:._m._m 1504 UDNDas-j\, 10} ‘Inoyoo|g Jequily S "
BIpJENS) LUBSQ-, seds-
Ll
_._ __ ::_:_:::;
[ Il — =
_H b 1in - -1 - - - -1 - - - | - - - | - - - i - m.m - - = = = ...m +.m
LT
W0~ 08
- paapn Jo ybus -
=1 = 170 1Oax1
=t P9 o=
~ _._.. —— o
T : ajasauony Busixg
oL Mmalp ue|d 001 s
- - N
Y <L
(= v v v v v v v T ¢ 9 !
3 A £ ¥ 5 9 L g <] ] A Fl 6l

siaguinp 1sod

uone|eisu| 1sa |

thout End Shoe Block.

ion wi

it

Figure 6.1. Overall Details of the Thrie-Beam Trans

2020-05-28

79

TR No. 0-6946-R3



Figure 6.2. Thrie-Beam Transition without End Shoe Block prior to Testing.

In accordance with Appendix B of MASH, soil strength was measured the day of the
crash test. During installation of the guardrail system for full-scale crash testing, two 6-ft-long
W6x%16 posts were installed in the immediate vicinity of the guardrail system using the same fill
materials and installation procedures used in the test installation and the standard dynamic test.
Table E.1 in Appendix E.2 presents minimum soil strength properties established through the
dynamic testing performed in accordance with MASH Appendix B.

As determined by the tests summarized in Appendix E.2, Table E.2, the minimum post
loads required for deflections at 5 inches, 10 inches, and 15 inches, measured at a height of
25 inches, are 3940 Ib, 5500 Ib, and 6540 Ib, respectively (90 percent of static load for the initial
standard installation).

On the day of the first test, August 8, 2019, loads on the post at deflections of 5 inches,
10 inches, and 15 inches were 4040 1bf, 11627 Ibf, and 13047 1bf, respectively. Table E.2 in
Appendix E.2 shows that the strength of the backfill material in which the guardrail system was
installed met the minimum MASH requirements.

6.3  MASH TEST 3-21 (TEST NO. 469469-5)

6.3.1 Test Designation and Actual Impact Conditions

MASH Test 3-21 involves a 2270P vehicle weighing 5000 1b £110 Ib impacting the CIP
of the thrie-beam transition without end shoe block at an impact speed of 62 mi/h 2.5 mi/h and
an angle of 25° £1.5°. The CIP for MASH Test 3-21 on the thrie-beam transition without end
shoe block was 93 inches upstream of the end of the concrete barrier.

The 2013 RAM 1500 used in the test weighed 5038 Ib, and the actual impact speed and
angle were 62.3 mi/h and 25.1°. The actual impact point was 97.7 inches upstream of the end of

the concrete barrier. Minimum target impact severity was 106 kip-ft, and actual IS was
118 kip-ft.
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6.3.2 Weather Conditions

The test was performed on the morning of August 8, 2019. Weather conditions at the
time of testing were as follows: wind speed: 6 mi/h; wind direction: 200° with respect to the
vehicle (vehicle was traveling at a magnetic heading of 205°); temperature: 95°F; relative
humidity: 56 percent.

6.3.3 Test Vehicle

The 2013 RAM 1500 shown in Figure 6.3 and Figure 6.4 was used for the crash test. The
vehicle’s test inertia weight was 5038 1b, and its gross static weight was 5038 1b. The height to
the lower edge of the vehicle bumper was 11.8 inches, and height to the upper edge of the
bumper was 27 inches. The height to the vehicle’s center of gravity was 28.4 inches. Table E.3
and Table E.4 in Appendix E.3.1 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.

Figure 6.3. Thrie-Beam Transition without End Shoe Block/Test Vehicle Geometrics for
Test No. 469469-5.

Figure 6.4. Test Vehicle before Test No. 469469-5.
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6.3.4 Test Description

Table 6.1 lists events that occurred during Test No. 469469-5. Figure E.1 and Figure E.2
in Appendix E.3.2 present sequential photographs during the test.

Table 6.1. Events during Test No. 469469-5.

Time | Events

0.000 | Vehicle contacts rail

0.046 | Vehicle begins to redirect

0.010 | Post 14, 15, 16 and 17 begin to deflect toward field side

0.022 | Post 18 and 19 begin to deflect toward field side

0.119 | Front left tire leaves pavement

0.148 | Rear left tire leaves pavement

0.193 | Rear right bumper of truck impacts rail. Vehicle is parallel with rail.

0.288 Vehicle loses contact with the barr.ier; vehicle is traveling at 48.8 mi/h at a
trajectory angle of 8.2° and a heading angle of 10.1°

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 impact for cars and pickups).
The 2270P vehicle exited within the exit box criteria defined in MASH. After loss of contact with
the barrier, the vehicle yawed counterclockwise and came to rest 241 ft downstream of the point
of impact and 23 ft from the traffic side of the barrier. Brakes were applied at 2.1 seconds after
impact.

6.3.5 Damage to Test Installation

Figure 6.5 shows the damage to the thrie-beam transition without end shoe block. There
was a Ys-inch gap between the curb and soil on the field side, and the rail was scuffed and
deformed.

Working width® was 18.5 inches, and the height of maximum working width was
48.8 inches (side mirror). Maximum dynamic deflection was 4.0 inches in the nested thrie-beam
section. Maximum permanent deflection was %2 inch between posts 16 and 17.

8 Working width is defined as the distance between the traffic face of the barrier before impact and the maximum
lateral position of any major part of the barrier or the vehicle after impact.
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Figure 6.5. Thrie-Beam Transition without End Shoe Block after Test No. 469469-5.

6.3.6 Damage to Test Vehicle

Figure 6.6 and Figure 6.7 show the damage sustained by the vehicle. The front right
bumper, hood, grill, radiator and supports, right front tire and rim, right front fender, right frame
rail, right front upper and lower ball joints, right front upper and lower A-arms, front sway bar,
right front door (8-inch gap at top), right front floor pan, right rear door, right cab corner, right
rear fender, right rear rim, rear bumper, and right tail light were damaged. The windshield
sustained stress cracks originating at the lower right and lower left corners. Maximum exterior
crush to the vehicle was 10 inches at the front bumper at bumper height. The maximum occupant
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compartment deformation was 4 inches at the lower right floor pan. Table E.5 and Table E.6 in
Appendix E.3.1 provide exterior crush and occupant compartment measurements.

Figure 6.7. Interior of Test Vehicle for Test No. 469469-5
(before Test on Left; after Test on Right).

6.3.7 Occupant Risk Factors

Data from the accelerometer, located at the vehicle center of gravity, were digitized for
evaluation of occupant risk, and results are shown in Table 6.2. Figure 6.8 summarizes these
data and other pertinent information from the test. Figure E.3 in Appendix E.3.3 shows the
vehicle angular displacements, and Figure E.4 through Figure E.6 in Appendix E.3.4 show
acceleration versus time traces.
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Table 6.2. Occupant Risk Factors for Test No. 469469-5.

Occupant Risk Factor Value Time
Occupant Impact Velocity (OIV) ft/s
Longitudinal 203 at 0.1057 seconds on right
side of interior
Lateral 26.2
QOccupant Ridedown Accelerations (g’s)
Longitudinal 6.6 (0.1057-0.1157 seconds)
Lateral 14.4 (0.2392-0.2492 seconds)
Theoretical Head Impact Velocity (THIV) ms a.t 0. 102.7 sef:onds on right
9.9 side of interior
Post Head Deceleration (PHD) (g’s) 14.6 (0.2391-0.2491 seconds)
Acceleration Severity Index (ASI) 14 (0.0811-0.1311 seconds)
Maximum 50-ms Moving Average (g’s)
Longitudinal -8.7 (0.0357-0.0857 seconds)
Lateral -11.2 (0.0569-0.1069 seconds)
Vertical -3.8 (0.0204-0.0704 seconds)
Maximum Roll, Pitch, and Yaw Angles Degrees
Roll 24 (0.4866 seconds)
Pitch 7 (1.9988 seconds)
Yaw 47 (1.0026 seconds)

6.3.8 Assessment of Results

An assessment of the test based on the applicable safety evaluation criteria for MASH

Test 3-21 1s provided in Table 6.3.

TR No. 0-6946-R3

85

2020-05-28



98 €d-9769-0 'ON d.L

8C-50-0C0C

0.000 s 0.200 s 0.400 s 0.700 s
e 241 B — r
Exit Angle = 10.5 P .
g s : S
Y e T S I
- —= A 2" Typ 10" Guardrail
) l - W% ' FBBO3
k : - — Impact Angle
@ Heading Ang T
Exit Angle Box
General Information Impact Conditions Post-Impact Trajectory
Test Agency.............. Texas A&M Transportation Institute (TTI) Speed .....ccovieieenne. 62.3 mi/h Stopping Distance.......... 241 ft downstrm;
Test Standard Test No. MASH Test 3-21 Angle ..., 25.1° 23 ft on traffic
TTI Test No 469469-5 Location/Orientation At the center of joints 5 side of barrier
TestDate ... 2019-08-08 and 6 Vehicle Stability
Test Article Impact Severity......... 118 kip*ft Maximum Yaw Angle..... 47°
TYPE oot Thrie-beam transition Exit Conditions Maximum Pitch Angle.... 7°
Name.......cccceeveeeeans TxDOT thrie-beam transition without end Speed ....cccooviieennn. 48.8 mi/h Maximum Roll Angle ..... 24°
shoe block Exit Trajectory/Heading  8.2°/10.1° Vehicle Snagging .......... No
Installation Length..... 93.5 ft Occupant Risk Values Vehicle Pocketing.......... No
Material or Key Elements  36-inch single slope concrete barrier, Longitudinal OIV....... 20.3 ft/s Test Article Deflections
12-ga. nested thrie-beam, 5%-inch curb, Lateral OIV............... 26.2 ft/s Dynamic.........ccccceeeeene 4.0 inches
10-ga. asymmetric transition section, Longitudinal Ridedown 6.69 Permanent .................... 0.5 inches
W6x8.5 steel posts Lateral Ridedown..... 1449 Working Width............... 18.5 inches
Soil Type and Condition = AASHTO M147-65(2004), Grading B soil 35.6 km/h Working Width Height.... 48.8 inches
(crushed limestone), damp 14649 Vehicle Damage
Test Vehicle 1.38 VDS ..o 10-RFQ-3
Type/Designation...... 2270P Max. 0.050-s Average CDC...viviiieeiee e 10FREW3
Make and Model ....... 2013 RAM 1500 Longitudinal.............. -8.79 Max. Exterior Deformation 10 inches
Curb..cooiiiiiice 5011 Ib Lateral........ccccceenenn. -11.2¢ OCDI...oeiiiiiiiiiieeeee LF0121100
Test Inertial ........ 5038 Ib Vertical........cc..ccec.... -38g¢g Max. Occupant Compartment
Dummy.............. No dummy Deformation ................ 4 inches
Gross Static .............. 5038 Ib

Figure 6.8. Summary of Results for MASH Test 3-21 on the Thrie-Beam Transition without End Shoe Block.
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Block.

Test Agency: Texas A&M Transportation Institute

Test No.: 469469-05

Table 6.3. Performance Evaluation Summary for MASH Test 3-21 on the Thrie-Beam Transition without End Shoe

Test Date: 2019-08-08

MASH Test 3-21 Evaluation Criteria Test Results Assessment
Structural Adequacy
A.  Test article should contain and redirect the vehicle or bring The TxDOT thrie-beam transition without end
the vehicle to a controlled stop; the vehicle should not shoe block contained and redirected the 2270P
penetrate, underride, or override the installation although vehicle. The vehicle did not penetrate, underride, Pass
controlled lateral deflection of the test article is acceptable. or override the installation. Maximum dynamic
deflection during the test was 4.0 inches.
Occupant Risk
D. Detached elements, fragments, or other debris from the test No detached elements, fragments, or other debris
article should not penetrate or show potential for penetrating | from the test article were present to penetrate or
the occupant compartment, or present an undue hazard to show potential for penetrating the occupant
other traffic, pedestrians, or personnel in a work zone. compartment or to present hazard to others in the Pass
area.
Deformations of, or intrusions into, the occupant compartment | 4 inches of deformation in the floor pan.
should not exceed limits set forth in Section 5.3 and
Appendix E of MASH.
F.  The vehicle should remain upright during and after collision. The 2270P vehicle remained upright during and
The maximum roll and pitch angles are not to exceed after the collision event. Maximum roll was 24°, Pass
75 degrees. and maximum pitch was 7°.
H.  Longitudinal and lateral occupant impact velocities should fall | Longitudinal OIV was 20.3 ft/s, and lateral OI'V
below the preferred value of 30 fi/s, or at least below the was 26.2 ft/s. Pass
maximum allowable value of 40 ft/s.
1. Longitudinal and lateral occupant ridedown accelerations Maximum longitudinal 10-ms occupant ridedown
should fall below the preferred value of 15.0 g, or at least acceleration was 6.6 g, and maximum lateral Pass
below the maximum allowable value of 20.49 g. 10-ms occupant ridedown acceleration was
14.4 g.
Vehicle Trajectory
For redirective devices, it is preferable that the vehicle be The 2270P vehicle exited within the
smoothly redirected and leave the barrier within the “exit box™ | exit box criteria. Documentation
criteria (not less than 32.8 ft for the 1100C and 2270P only

vehicles), and should be documented.




6.4 CONCLUSIONS

The TxDOT thrie-beam transition without end shoe block contained and redirected the
2270P vehicle. The vehicle did not penetrate, underride, or override the installation. Maximum
dynamic deflection during the test was 4.0 inches, and permanent deformation was 'z inch. 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. The maximum
occupant compartment deformation was 4 inches. The 2270P vehicle remained upright during
and after the collision event. Maximum roll and pitch angles were 24° and 7°, respectively.
Occupant risk factors were within the preferred limits specified in MASH. The 2270P vehicle
exited within the exit box criteria.

The TxDOT thrie-beam transition without end shoe block performed acceptably
according to MASH Test 3-21 evaluation criteria as shown in Table 6.4.

Table 6.4. Assessment Summary for MASH Test 3-21
on TxDOT Thrie-Beam Transition without End Shoe Block.

Evaluation Evaluation Test No.
Factors Criteria 469469-5
Structural
Adequacy A S
D S
Occupant F S
Risk H S
1 S
MASH Test
Test No. 321
Pass/Fail Pass

S = Satisfactory
U = Unsatisfactory
N/A = Not applicable
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CHAPTER 7: TXDOT SINGLE WOOD POST SKID-MOUNTED SIGN
SUPPORT SYSTEM

71  BACKGROUND

The single wood post skid-mounted temporary sign support system uses a nominal 4-inch
by 4-inch post and is designed for use with a maximum 12-sq-ft sign panel. Details can be found
on TxDOT Barricade and Construction sheet BC(5)-14.

The MASH test matrix for work zone traffic control devices includes a high-speed test
with a passenger car (Test 3-71) and pickup truck (Test 3-72) at both 0° and 90° impact
orientations. The single wood post skid-mounted sign support system was previously tested with
a small passenger car at high speed under NCHRP Report 350. Although the small passenger car
design test vehicle has changed under MASH, its performance in frontal impacts with large skid-
mounted sign support systems is not expected to differ appreciably. Therefore, only test
designation 3-72 with the 2270P pickup truck is considered necessary for both the 0° and 90°
impact orientations to assess MASH compliance.

MASH states that “lightweight free-standing features cannot cause sufficient velocity
change to result in failure of the test under occupant risk criteria. Therefore, Tests 3-71 and 3-72
can be conducted without the instrumentation necessary for determining occupant risk whenever
the test article has a total weight of 220 Ib (100 kg) or less.”

7.2 SYSTEM DETAILS

7.2.1 Test Article and Installation Details

This test installation consisted of a 36-inch-square by 0.10-inch-thick aluminum sign
panel secured to a nominal 4-inch by 4-inch wood support with two ¥s-inch-diameter through
bolts. The panel had rounded corners and was mounted in a diamond orientation, with the bottom
corner 84 inches above grade. The wood frame consisted of nominal 4-inch by 4-inch, 2-inch by
6-inch, and 2-inch by 4-inch lumber and assorted hardware. All lumber was treated southern
yellow pine. All hex bolts were grade 5, and each had two USS flat washers, one lock washer,
and one hex nut. Each lag screw had a USS flat washer under the head.

The installation was placed on an existing concrete apron but was not secured to it. The
single wood post skid-mounted temporary sign support system was placed with the sign panel at
90° (parallel to the vehicle path). A 40-pound sandbag was placed on each end of the wood
frame skid.

Figure 7.1 presents overall information on the single wood post skid-mounted sign, and
Figure 7.2 provides photographs of the installation. Appendix F.1 provides further details of the
single wood post skid-mounted sign.

TR No. 0-6946-R3 89 2020-05-28



Test Installation

40lb. Sandbag (x 2)—,
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Plan View - Detail A

A Scale 1: 10

—Sign Panel, 36" x 36" x 0.10" Aluminum

Elevation Views

[
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1a. All Bolts are grade 5. All hex head Bolts XA A | phyelcal Seconty Divison -
are with two USS Flat Washers, one Hex Nut, o | jnsmf:fe Proving Ground
and one Lock Washer under each Nut. One USS Project #469469-6-1 Single Post Skid Sign 2019-02-25

Flat Washer with each Lag Screw. Drawn by GES  Scale 1:20  Sheet 1 of 3/ Test Installation
Figure 7.1. Overall Details of the Single Wood Post Skid-Mounted Sign.
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Figure 7.2. Single Wood Post Skid-Mounted Sign prior to Test No. 469469-06-02.

7.2.2 Material Specifications
Appendix F.2 provides material certification documents for the materials used to

install/construct the single wood post skid-mounted sign.

7.3  MASH TEST 3-72 (TEST NO. 469469-06-02)

7.3.1 Test Designation and Actual Impact Conditions

MASH Test 3-72 involves a 2270P vehicle weighing 5000 Ib =110 Ib impacting the CIP
of the single wood post skid-mounted sign at an impact speed of 62 mi/h £2.5 mi/h and an angle
of 90° £1.5°. The CIP for MASH Test 3-72 was the centerline of the support post aligned
12 inches off the centerline of the vehicle toward the driver’s side.
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The 2015 RAM 1500 used in the test weighed 5026 1b, and the actual impact speed and
angle were 62.2 mi/h and 90°, respectively. Minimum target impact severity was 594 kip-ft, and
actual IS was 650 kip-ft.

7.3.2 Weather Conditions

The test was performed on the morning of April 16, 2019. Weather conditions at the time
of testing were as follows: wind speed: 10 mi/h; wind direction: 205° with respect to the vehicle
(vehicle was traveling in a northerly direction); temperature: 70°F; relative humidity: 86 percent.

7.3.3 Test Vehicle

The 2015 RAM 1500 shown in Figure 7.3 and Figure 7.4 was used for the crash test. The
vehicle’s test inertia weight was 5026 1b, and its gross static weight was 5026 Ib. The height to
the lower edge of the vehicle bumper was 11.8 inches, and height to the upper edge of the
bumper was 27 inches. The height to the vehicle’s center of gravity was 28 inches. Table F.1 and
Table F.2 in Appendix F.2.1 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.

Figure 7.3. Single Wood Post Skid-Mounted Sign/Test Vehicle Geometrics for Test
No. 469469-06-02.

TR No. 0-6946-R3 92 2020-05-28



Figure 7.4. Test Vehicle before Test No. 469469-06-02.

7.3.4 Test Description

The 2015 RAM 1500 was traveling at an impact speed of 62.2 mi/h when it contacted the
support post 12 inches off centerline of the vehicle on the driver’s side, at an impact angle of 90°.
Table 7.1 lists events that occurred during Test No. 469469-06-02. Figure F.1 and Figure F.2 in
Appendix F.2.2 present sequential photographs during the test.

Table 7.1. Events during Test No. 469469-06-02.

Time | Events

0.000 | Vehicle contacts sign support

0.002 | Wood support post begins to fracture

0.015 | Wood support post completely fractured and separated

0.031 | Released wood support post and attached sign loses contact with vehicle
0.070 | Corner of sign panel impacts upper windshield area near roof

0.134 | Sign rotates off of vehicle roof

The 2270P vehicle came to rest 360 ft downstream and 10 ft to the left of the original
impact position.

7.3.5 Damage to Test Installation

Figure 7.5 shows the damage to the single wood post skid-mounted sign. Components of
the wood base fractured into multiple pieces that were scattered from the impact point to 50 ft
downstream. The 4x4 wood support post fractured 24 inches above grade. The sign remained
attached to the upper section of the fractured wood support post and came to rest 245 ft
downstream and 50 ft to the left of the original impact position.
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Figure 7.5. Single Wood Post Skid-Mounted Sign after Test No. 469469-06-02.

7.3.6 Damage to Test Vehicle

Figure 7.6 and Figure 7.7 show the damage sustained by the vehicle. There was a 7-inch
by 12-inch by 1-inch-deep dent in the front bumper, a 4-inch by 2.5-inch by 0.3-inch-deep dent
in the hood, and a 33-inch by 48-inch by 3.3-inch-deep dent in the roof. The windshield had a
48-inch by 8-inch by 2.8-inch-deep area of damage, and there was a 4-inch-long tear in the
windshield laminate. The maximum exterior crush of the vehicle was 1 inch. Maximum occupant
compartment deformation was 3.5 inches at the center of the roof. Table F.3 and Table F.4 in
Appendix F.2.1 provide exterior crush and occupant compartment measurements.
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Figure 7.7. Interior of Test Vehicle after Test No. 469469-06-02.
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7.3.7 Occupant Risk Factors

Data from the accelerometer, located at the vehicle center of gravity, were digitized for
evaluation of occupant risk, and results are shown in Table 7.2. Figure 7.8 summarizes these
data and other pertinent information from the test. Figure F.3 in Appendix F.2.3 shows the
vehicle angular displacements, and Figure F.4 through Figure F.6 in Appendix F.2.4 show
acceleration versus time traces.

Table 7.2. Occupant Risk Factors for Test No. 469469-06-02.

Occupant Risk Factor Value Time
Occupant Impact Velocity (OIV) ft/s
Longitudinal 2.6 aF 0.8294 segonds on right
side of interior
Lateral 2.0
Occupant Ridedown Accelerations (g’s)
Longitudinal 0.1 (1.4034-1.4134 seconds)
Lateral 0.3 (1.0431-1.0531 seconds)
Theoretical Head Impact Velocity (THIV) /s at 0.8062 seconds on right
1 side of interior
Post Head Deceleration (PHD) (g’s) 0.3 (1.0430-1.0530 seconds)
Acceleration Severity Index (ASI) 0.1 (0.0963-0.1463 seconds)
Maximum 50-ms Moving Average (g’s)
Longitudinal -1 (0.0016-0.0516 seconds)
Lateral -1 (0.1228-0.1728 seconds)
Vertical 1.1 (0.1463-0.1963 seconds)
Maximum Roll, Pitch, and Yaw Angles Degrees
Roll 2 (0.1963 seconds)
Pitch 1 (1.4978 seconds)
Yaw 3 (1.4989 seconds)

7.3.8 Assessment of Results

An assessment of the test based on the applicable safety evaluation criteria for MASH
Test 3-72 is provided in Table 7.3.
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General Information
Test Agency..............
Test Standard Test No.
TTI Test No. .............
Test Date...................

Test Article

Installation Length.....
Material or Key Elements

Soil Type and Condition

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

Dummy

Figure 7.8. Summary of Results for MASH Test 3-72 on the Single Wood Post Skid-Mounted Sign.

Texas A&M Transportation Institute (TTI)

MASH Test 3-72
469469-06-02
2019-4-16

Work zone sign

TxDOT single wood post skid-mounted sign

support
n/a

36-inch-square x 0.10-inch-thick aluminum
sign mounted on 4x4 wood support at
height of 84 inches: support attached to

wood frame skid
Placed on dry concrete

2270P

2015 RAM 1500
5026 Ib

5026 Ib

No dummy
5026 Ib

Impact Conditions

Speed .
Angle ..

Location/Orientation

Impact Severity.........

Exit Conditions

Speed .

Exit Trajectory/Heading
Occupant Risk Values

Longitudinal OIV.......

Lateral OIV...............

Longitudinal Ridedown

Lateral Ridedown .....

Max. 0.050-s Average
Longitudinal..............

Lateral.

Vertical

62.2 mi’h

90°

Center of post aligned
12 inches off center of
the vehicle toward the
driver’s side

650 kip*ft

61.4 mi/h
n/a

2.6 ft/s
2.0 ft/s
01g
0.3g
1.0 m/s
0.3g
0.13

1149

Post-Impact Trajectory
Stopping Distance..........

Vehicle Stability
Maximum Yaw Angle.....
Maximum Pitch Angle....
Maximum Roll Angle .....
Vehicle Snagging ..........
Vehicle Pocketing..........

Test Article Deflections
Dynamic.........
Permanent ........
Working Width
Working Width Height....

Vehicle Damage

Max. Occupant Compartment

Deformation ................

360 ft downstrm;
10 ft left

n/a
n/a
n/a
n/a

12TRGN2
12FR1
1inch
FS0100000

3.5 inches (roof)
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Table 7.3. Performance Evaluation Summary for MASH Test 3-72 on the Single Wood Post Skid-Mounted Sign.

Test Agency: Texas A&M Transportation Institute

Test No.: 469469-06-02

Test Date: 2019-04-16

MASH Test 3-72 Evaluation Criteria Test Results Assessment
Structural Adequacy
B.  The test article should readily activate in a predictable | The wood support post fractured and yielded to the Pass
manner by breaking away, fracturing, or yielding. 2270P vehicle as designed.
Occupant Risk
D. Detached elements, fragments, or other debris from The edge of the aluminum sign panel contacted and
the test article should not penetrate or show potential | penetrated the top of the windshield, resulting in a
for penetrating the occupant compartment, or present | 4-inch-long tear in its laminate. Fail
an undue hazard to other traffic, pedestrians, or
personnel in a work zone.
Deformations of, or intrusions into, the occupant The occupant compartment deformation was
compartment should not exceed limits set forth in 3.5 inches in the roof. Pass
Section 5.2.2 and Appendix E of MASH.
E.  Detached elements, fragments, or other debris from No detached elements, fragments, or other debris
the test article, or vehicular damage should not block frpm the test article or vehicle blocked the driver’s Pass
the driver’s vision or otherwise cause the driver to lose | Vision
control of the vehicle
F.  The vehicle should remain upright during and after The 2270P vehicle remained upright during and
collision. The maximum roll and pitch angles are not | after the collision event. Maximum roll and pitch Pass
to exceed 75 degrees. angles were 2° and 1°, respectively.
H.  Occupant impact velocities (OIV) should satisfy the Longitudinal OIV was 2.6 ft/s, and lateral OIV was
following limits: Preferred value of 10 ft/s, or 2.0 ft/s. Pass
maximum allowable value of 16 fi/s.
I The occupant ridedown accelerations should satisfy Longitudinal occupant ridedown acceleration was
the following limits: Preferred value of 15.0 g, or 0.1 g, and lateral occupant ridedown was 0.3 g. Pass
maximum allowable value of 20.49 g.
Vehicle Trajectory
N.  Vehicle trajectory behind the test article is acceptable. | The 2270P vehicle came to rest 360 ft behind and Pass

10 ft left of the original position of the installation.




74  CONCLUSIONS

Upon impact, the wood support post fractured near bumper height. The upper portion of
the fractured support with attached aluminum sign panel rotated toward the vehicle, and the
corner of the sign panel contacted the windshield and caused a 4-inch-long tear in the laminate.
Consequently, the single wood post skid-mounted sign support system failed to comply with
MASH Test 3-72 criteria.

The TxDOT single wood post skid-mounted temporary sign support system did not
perform acceptably according to MASH Test 3-72 evaluation criteria as shown in Table 7.4.

Table 7.4. Assessment Summary for MASH Test 3-72
on TxDOT Single Wood Post Skid-Mounted Temporary Sign Support System.

Evaluation Evaluation Test No.
Factors Criteria 469469-5
Structural
Adequacy B S
D F
E S
Occupant F S
Risk H S
| S
N S
MASH Test
Test No. 372
Pass/Fail Pass

S = Satisfactory
U = Unsatisfactory
N/A = Not applicable
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CHAPTER 8: TXDOT PERFORATED SQUARE STEEL TUBE
SIGN SUPPORT

8.1 BACKGROUND

TxDOT uses perforated square steel tube (PSST) supports for ground-mounted temporary
signs. Barricade and construction sheet BC(5)-14 and Section J “Signs and Sign Supports” of the
Compliant Work Zone Traffic Control Device List provide three foundation options:

e Option 1 is direct embedment of the sign support.
e Option 2 involves insertion of the sign post into a larger size PSST anchor stub.
e Option 3 incorporates an 18-inch PSST reinforcing sleeve over the PSST anchor stub.

The PSST support functions by fracturing the post through the perforated holes that exist
on each face of the square cross section. The most critical foundation option is Option 1, direct
embedment. Option 2 and Option 3 both provide additional stiffening of the support post at the
ground line, which helps facilitate fracture during an impact. However, field use of Option 2 is
much more common than Option 1 because it permits the short anchor stub to be readily driven
into the ground for installation of the PSST support. Therefore, efforts focused on evaluation of
the anchor stub foundation options. If the testing demonstrates that the single PSST sign support
in anchor stub (Option 2) meets MASH criteria, the less critical Option 3 foundation
configuration with reinforced anchor stub can also be considered MASH compliant.

MASH Section 2.2.4.1 recognizes that sign support systems that are used near an
intersection can be struck from virtually any direction. MASH Section 2.2.4.1 recommends that
“In this case, testing should be conducted at both 90 degrees from the normal direction and at
any orientation between 0 and 25 degrees that is deemed to represent the highest risk for the
system to fail any of the recommended evaluation criteria. Features designed to be used along the
outside of divided highways need only be evaluated for impact angles of 0 to 25 degrees.”
Consequently, since these temporary signs are used at or near intersections, the recommended
test matrix for evaluating the ground-mounted PSST sign support system includes MASH
Test 3-61 with the 1100C passenger car and Test 3-62 with the 2270P pickup truck at both 0°
and 90°.

The TxDOT standards permit the use of both 14-gauge and 12-gauge PSST supports of
different sizes to accommodate different sign sizes. A single 2-inch by 14-gauge PSST support in
an anchor stub was successfully tested in accordance with MASH criteria. Therefore, efforts
under the current project focused on evaluation of 12-gauge PSST supports. Both foundation
Option 2 (PSST support in anchor stub) and Option 3 (PSST support in reinforced anchor stub)
were evaluated for a 2-inch, 12-gauge PSST support.

8.2  PSST SIGN SUPPORT IN ANCHOR STUB

8.2.1 Test Article and Installation Details

The PSST sign support in anchor stub system test assembly consisted of a 2-inch by
12-gauge PSST support post inserted 9 inches into a 2V4-inch by 12-gauge perforated square steel
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anchor stub. The anchor tube was 34 inches long and embedded such that it protruded 2 inches
above grade. The PSST support was secured inside the anchor stub using a ¥s-inch-diameter hex
head bolt and hardware. The PSST support and anchor stub contained 7/16-inch-diameter holes
spaced on 1-inch centers on all four faces. The anchor stub was installed in AASHTO
M147-65(2004), Grading B soil (crushed limestone) that was compacted to meet MASH
performance standards as demonstrated by a static post pull test (Appendix G.1.1).

A 36-inch by 36-inch by 0.100-inch-thick aluminum sign panel was mounted to the
support post in a diamond orientation using two ¥z-inch-diameter hex head bolts and hardware,
with the bottom corner located 84 inches above grade.

Figure 8.1 presents overall information on the PSST sign support in anchor stub system,
and Figure 8.2 provides photographs of the test installation. Appendix G.1 provides further
details of the PSST sign support in anchor stub system.

8.2.2 MASH Test 3-61 (Test No. 469469-07-02)

8.2.2.1 Test Designation and Actual Impact Conditions

MASH Test 3-61 involves a 1100C vehicle weighing 2420 1b £55 1b impacting the PSST
sign support in anchor stub system at an impact speed of 62 mi/h +2.5 mi/h and an angle of 90°
+1.5°. The selected point of impact was the centerline of the PSST sign support in anchor stub
system aligned 14 inches off the centerline of the vehicle toward the driver’s side.

The 2011 Kia Rio’ used in the test weighed 2443 1b, and the actual impact speed and
angle were 62.7 mi/h and 90°, respectively. Minimum target impact severity was 288 kip-ft, and
actual IS was 321 kip-ft.

8.2.2.2 Weather Conditions

The test was performed on the afternoon of August 23, 2019. Weather conditions at the
time of testing were as follows: wind speed: 3 mi/h; wind direction: 157° with respect to the
vehicle (vehicle was traveling at a magnetic heading of 180°); temperature: 97°F; relative
humidity: 52 percent.

 The 2011 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 2011 model vehicle met the MASH requirements.
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Figure 8.2. PSST Sign Support in Anchor Stub System prior to Test No. 469469-07-02.

8.2.2.3 Test Vehicle

The 2011 Kia Rio shown in Figure 8.3 and Figure 8.4 was used for the crash test. The
vehicle’s test inertia weight was 2443 1b, and its gross static weight was 2608 1b. 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 G.3 in Appendix G.1.2 gives additional dimensions and
information on the vehicle. The vehicle was directed into the installation using a cable reverse
tow and guidance system, and was released to be freewheeling and unrestrained just prior to
impact.
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Figure 8.3. PSST Sign Support in Anchor Stub System Test Vehicle Geometrics for Test
No. 469469-07-02.

Figure 8.4. Test Vehicle before Test No. 469469-07-02.

8.2.2.4 Test Description

Table 8.1 lists events that occurred during Test No. 469469-07-02. Figure G.1 in
Appendix G.1.3 presents sequential photographs during the test.

Table 8.1. Events during Test No. 469469-07-02.

Time Events

0.000 | Vehicle contacts support post

0.011 | Anchor stub begins to pull out of soil

0.043 | Anchor stub fractures

0.059 | Corner of sign makes contact with vehicle at roof and windshield interface
0.065 | Corner of sign penetrates into occupant compartment

0.095 | Sign at max penetration into occupant compartment

Brakes were applied 3.3 seconds after impact, and the vehicle came to rest 450 ft
downstream of the initial point of impact and in line of the impact path.
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8.2.2.5 Damage to Test Installation

Figure 8.5 shows the damage to the PSST sign support in anchor stub system. The anchor
stub displaced 2% inches rearward in the soil and fractured 9 inches below the top end as it was
pulled out of the ground. The support post was bent 90° approximately 18 inches above grade.
The sign panel remained attached to the post, and the assembly landed 240 ft downstream of the
point of impact and in line with the impact path.

Figure 8.5. PSST Sign Support in Anchor Stub System after Test No. 469469-07-02.
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8.2.2.6 Damage to Test Vehicle

Figure 8.6 and Figure 8.7 show the damage sustained by the vehicle. There was a dent
14 inches to the left of the vehicle centerline in the front bumper and hood. The windshield had a
44-inch by 31-inch by 13-inch-deep dent with a 6-inch by 24-inch cut in the laminate. The roof
sustained a 41-inch by 27-inch by 12-inch-deep dent. There was also a 16-inch-long tear in the
roof along the left seam line. There was no measurable exterior crush of the vehicle. The roof
was pushed 11% inches into the occupant compartment. Table G.4 and Table G.5 in
Appendix G.1.2 provide exterior crush and occupant compartment measurements.

Figure 8.6. Test Vehicle after Test No. 469469-07-02.
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Figure 8.7. Interior of Test Vehicle after Test No. 469469-07-02.

8.2.2.7 Occupant Risk Factors

Data from the accelerometer, located at the vehicle center of gravity, were digitized for
evaluation of occupant risk, and results are shown in Table 8.2. Figure 8.8 summarizes these
data and other pertinent information from the test. Figure G.3 in Appendix G.1.4 shows the
vehicle angular displacements, and Figure G.4 through Figure G.6 in Appendix G.1.5 show

acceleration versus time traces.

Table 8.2. Occupant Risk Factors for Test No. 469469-07-02.

Occupant Risk Factor Value Time
Occupant Impact Velocity (OIV) ft/s
oo at 0.7037 seconds on front of
Longitudinal 3.0 L
interior
Lateral 0.0
Occupant Ridedown Accelerations (g’s)
Longitudinal 0.8 (1.8902-1.9002 seconds)
Lateral 0.5 (0.8154-0.8254 seconds)
Theoretical Head Impact Velocity (THIV) m/s ?t 0'6964 seconds on front of
0.9 interior
Acceleration Severity Index (ASI) 0.1 (0.0133-0.0633 seconds)
Maximum 50-ms Moving Average (g’s)
Longitudinal -14 (0.0016-0.0516 seconds)
Lateral 0.3 (0.6392-0.6892 seconds)
Vertical 0.9 (0.0476-0.0976 seconds)
Maximum Roll, Pitch, and Yaw Angles Degrees
Roll 2 (0.3695 seconds)
Pitch 2 (1.8772 seconds)
Yaw 2 (0.3055 seconds)
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General Information Impact Conditions
Test Agency.............. Texas A&M Transportation Institute (TTI) Speed .....ccovieieenne.
Test Standard Test No. MASH Test 3-61 Angle ...,
TTI Test No 469469-07-02 Location/Orientation
TestDate........cceee 2019-08-23

Test Article
LY o LT Sign support structure
Name.......cccceeveeeeans PSST sign support in anchor stub Impact Severity.........

Installation Length.....
Material or Key Elements

Soil Type and Condition
Test Vehicle

Type/Designation......
Make and Model .......

Dummy ..............

n/a

2-inch x 12-ga. PSST support inserted
into 2% -inch x 12-ga. PSST anchor stub,
36-inch-square x 0.100-inch-thick
aluminum sign at 84 inches above grade
Embedded in AASHTO M147-65(2004),
Grading B soil (crushed limestone)

1100C

2011 Kia Rio
2544 Ib
2443 Ib

165 1b

2608 Ib

Exit Conditions

Speed ......cccoveeeeenn.
Exit Trajectory/Heading
Occupant Risk Values
Longitudinal OIV.......
Lateral OlV...............
Longitudinal Ridedown
Lateral Ridedown .....

Max. 0.050-s Average
Longitudinal..............
Lateral.......

Vertical

62.7 mi/h

00

Center of post aligned

14 inches off center of the
vehicle toward the driver’s
side

321 kip*ft

n/a
n/a

3.0 ft/s

0.0 ft/s
08¢

09g

Post-Impact Trajectory

Stopping Distance..........

Vehicle Stability

Maximum Yaw Angle.....
Maximum Pitch Angle....
Maximum Roll Angle .....
Vehicle Snagging ..........
Vehicle Pocketing..........

Test Article Deflections

Dynamic.........coceevvueeenne
Permanent ........

Working Width
Working Width Height....

Vehicle Damage

VDS ..o

Max. Occupant Compartment

Deformation ................

450 ft, in line

No
n/a

n/a
n/a
n/a
n/a

12FL2

12TLGN3
Non-measurable
LF0300000

11.5 inches at
roof

Figure 8.8. Summary of Results for MASH Test 3-61 on the PSST Sign Support in Anchor Stub System.




8.2.2.8 Assessment of Results

An assessment of the test based on the applicable safety evaluation criteria for MASH
Test 3-61 is provided in Table 8.3.

8.2.3 Conclusions

The anchor stub fractured as it was pulled out of the ground. After the anchor stub
fractured, the sign panel and support rotated toward the vehicle and impacted the windshield and
roof. The sign penetrated into the occupant compartment through the windshield and roof.
Consequently, the PSST sign support in anchor stub system did not satisfy MASH criteria for
breakaway support structures.

After the unsuccessful test of the PSST sign support in anchor stub system, it was decided
to evaluate the impact performance of a 2-inch by 12-gauge PSST support post in a reinforced
anchor stub. The reinforcing sleeve provides additional stiffening of the support post at the
ground line, which should help facilitate fracture of the support post during an impact. Quicker
fracture of the support post may change the trajectory of the released sign support system. The
crash test performed on the PSST sign support in reinforced anchor stub system is described in
the next section.

TR No. 0-6946-R3 110 2020-05-28



€d-9769-0 'ON d.L

IT1

8C-50-0C0C

Table 8.3. Performance Evaluation Summary for MASH Test 3-61 on the PSST Sign Support in Anchor Stub System.

Test Agency: Texas A&M Transportation Institute

Test No.: 469469-07-02

Test Date: 2019-08-23

MASH Test 3-61 Evaluation Criteria Test Results Assessment
Structural Adequacy
B.  The test article should readily activate in a predictable | The embedded Unistrut sign post support system Pass
manner by breaking away, fracturing, or yielding. yielded to the 1100C vehicle and fractured.
Occupant Risk
D. Detached elements, fragments, or other debris from After fracture of the anchor stub, the released
the test article should not penetrate or show potential | sign support system rotated toward the vehicle
for penetrating the occupant compartment, or present | and impacted the windshield and roof of the Fail
an undue hazard to other traffic, pedestrians, or vehicle. The sign panel penetrated through the
personnel in a work zone. windshield and roof into the occupant
compartment.
Deformations of, or intrusions into, the occupant There was a 24-inch-long cut in the windshield
compartment should not exceed limits set forth in that connected to a 16-inch-long cut in the roof. Fail
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 2° and 2°, respectively.
H.  Occupant impact velocities (OIV) should satisfy the Longitudinal OIV was 3.0 ft/s, and lateral OIV
following limits: Preferred value of 10 fi/s, or was 0.0 ft/s. Pass
maximum allowable value of 16 fi/s.
1. The occupant ridedown accelerations should satisfy Longitudinal occupant ridedown acceleration
the following limits: Preferred value of 15.0 g, or was 0.8 g, and lateral occupant ridedown was Pass
maximum allowable value of 20.49 g. 0.5g.
Vehicle Trajectory
N.  Vehicle trajectory behind the test article is acceptable. | The 1100C vehicle came to rest 450 ft behind the Documentation
original position of the installation. only




8.3  PSST SIGN SUPPORT IN REINFORCED ANCHOR STUB

8.3.1 Test Article and Installation Details

The PSST sign support in reinforced anchor stub system test assembly consisted of a
2-inch by 12-gauge PSST support post inserted 12 inches into a reinforced anchor stub. The
2Ys-inch by 12-gauge by 42-inch-long PSST anchor stub was embedded such that it protruded
2 inches above grade. A 2:-inch by 12-gauge by 18-inch-long PSST reinforcing sleeve was
placed over and flush with the top of the anchor stub. The PSST support was secured inside the
anchor stub using a 5/16-inch-diameter corner bolt and hardware. The PSST support, anchor
stub, and reinforcing sleeve contained 7/16-inch-diameter holes spaced on 1-inch centers on all
four faces. The anchor stub and reinforcing sleeve were installed in AASHTO M147-65(2004),
Grading B soil (crushed limestone) that was compacted to meet MASH performance standards as
demonstrated by a static post pull test (Appendix G.2.1).

A 36-inch by 36-inch by 0.100-inch-thick aluminum sign panel was mounted to the
support post in a diamond orientation using two ¥z-inch-diameter hex head bolts and hardware,
with the bottom corner located 84 inches above grade.

Figure 8.9 presents overall information on the PSST sign support in reinforced anchor
stub system, and Figure 8.10 provides photographs of the test installation. Appendix G.2
provides further details of the PSST sign support in reinforced anchor stub system.

8.3.2 MASH Test 3-61 (Test No. 469469-07-05)

8.3.2.1 Test Designation and Actual Impact Conditions

MASH Test 3-61 involves a 1100C vehicle weighing 2420 1b £55 1b impacting the PSST
sign support in anchor stub system at an impact speed of 62 mi/h +2.5 mi/h and an angle of 90°
+1.5°. The selected impact point was the centerline of the PSST sign support in anchor stub
system aligned 14 inches off the centerline of the vehicle toward the driver’s side.

The 2007 Kia Rio'® used in the test weighed 2450 1b, and the actual impact speed and
angle were 61.3 mi/h and 90°, respectively. Minimum target impact severity was 288 kip-ft, and
actual IS was 308 kip-ft.

8.3.2.2 Weather Conditions

The test was performed on the morning of August 29, 2019. Weather conditions at the
time of testing were as follows: wind speed: 2 mi/h; wind direction: 225° with respect to the
vehicle (vehicle was traveling at a magnetic heading of 180°); temperature: 86°F; relative
humidity: 81 percent.

19 The 2007 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 2007 model vehicle met the MASH requirements.
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Figure 8.9. Overall Details of the PSST Sign Support in Anchor Stub System for
Test No. 469469-7-5.
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8.3.2.3 Test Vehicle

The 2007 Kia Rio shown in Figure 8.11 and Figure 8.12 was used for the crash test. The
vehicle’s test inertia weight was 2450 1b, and its gross static weight was 2615 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 G.8 in Appendix G.2.1 gives additional dimensions and
information on the vehicle. The vehicle was directed into the installation using a cable reverse
tow and guidance system, and was released to be freewheeling and unrestrained just prior to
impact.
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Figure 8.11. PSST Sign Support in Anchor Stub System Test Vehicle Geometrics for Test
No. 469469-07-05.

Figure 8.12. Test Vehicle before Test No. 469469-07-05.

8.3.2.4 Test Description

Table 8.4 lists events that occurred during Test No. 469469-07-05. Figure G.7 in
Appendix G.2.3 present sequential photographs during the test.

Table 8.4. Events during Test No. 469469-07-05.

Time | Events

0.000 | Vehicle contacts support post

0.010 | Support post begins to pull out of anchor stub

0.015 | Support post fractures near grade

0.067 | Corner of sign makes contact with roof

0.071 | Corner of sign penetrates into occupant compartment
0.125 | Sign at maximum penetration into occupant compartment

Brakes were applied 2.3 seconds after impact, and the vehicle came to rest 420 ft
downstream of the point of impact and in line of the impact path.
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8.3.2.5 Damage to Test Installation

Figure 8.13 shows the damage to the PSST sign support in anchor stub system. The soil
was disturbed around the anchor stub and reinforcing sleeve. The corner bolt was fractured. The
support post lifted about 2 inches out of the anchor stub and fractured approximately 4 inches
above grade. The sign panel remained attached to the post, and the assembly landed 150 ft
downstream of the point of impact and 13 ft to the left of the impact path.

Figure 8.13. PSST Sign Support in Anchor Stub System after Test No. 469469-07-05.
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8.3.2.6 Damage to Test Vehicle

Figure 8.14 and Figure 8.15 show the damage sustained by the vehicle. There was a dent
located 14 inches to the left of the vehicle centerline in the front bumper and hood. The
windshield was shattered in an area measuring 34 inches by 16 inches by 1 inch deep. The roof
sustained a 4-inch-wide by 46'2-inch-long cut. The was no measurable exterior crush of the
vehicle. The deformation of the roof extended 11%4 inches into the occupant compartment.
Table G.9 and Table G.10 in Appendix G.2.2 provide exterior crush and occupant compartment
measurements.

Figure 8.14. Test Vehicle after Test No. 469469-07-05.
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Figure 8.15. Interior of Test Vehicle after Test No. 469469-07-05.

8.3.2.7 Occupant Risk Factors

Data from the accelerometer, located at the vehicle center of gravity, were digitized for
evaluation of occupant risk, and results are shown in Table 8.5. Figure 8.16 summarizes these
data and other pertinent information from the test. Figure G.8 in Appendix G.2.4 shows the
vehicle angular displacements, and Figure G.9 through Figure G.11 in Appendix G.2.5 show
acceleration versus time traces.
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Table 8.5. Occupant Risk Factors for Test No. 469469-07-05.

Occupant Risk Factor Value Time
Occupant Impact Velocity (OIV) ft/s )
Loneitudi at 0.6523 seconds on right
ongitudinal 2.6 . e
side of interior
Lateral 2.6
QOccupant Ridedown Accelerations (g’s)
Longitudinal 0.3 (0.7642—-0.7742 seconds)
Lateral 0.4 (1.0180-1.0280 seconds)
m/s

at 0.6539 seconds on right
side of interior

Theoretical Head Impact Velocity (THIV)

1.1
Post Head Deceleration (PHD) (g’s) 0.4 (1.0179-1.0279 seconds)
Acceleration Severity Index (ASI) 0.1 (0.0077-0.0577 seconds)
Maximum 50-ms Moving Average (g’s)
Longitudinal -0.7 (0.0016-0.0516 seconds)
Lateral -0.4 (0.1773-0.2273 seconds)
Vertical 0.8 (0.0383-0.0883 seconds)
Maximum Roll, Pitch, and Yaw Angles Degrees
Roll 2 (1.9996 seconds)
Pitch 1 (0.2145 seconds)
Yaw 2 (0.3164 seconds)

8.3.2.8 Assessment of Results

An assessment of the test based on the applicable safety evaluation criteria for MASH
Test 3-61 is provided in Table 8.6.

8.3.3 Conclusions

The sign support fractured near the ground line as designed. After the support post
fractured, the sign panel and support rotated toward the vehicle and impacted the windshield
and roof. The sign penetrated through the roof into the occupant compartment, and the roof
sustained 11% inches of deformation into the occupant compartment. Consequently, the PSST
sign support in reinforced anchor stub system did not satisfy MASH criteria for breakaway
support structures.
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General Information Impact Conditions Post-Impact Trajectory
Test Agency.............. Texas A&M Transportation Institute (TTI) Speed .....ccovieieenne. 61.3 mi/h Stopping Distance.......... 420 ft, in line
Test Standard Test No. MASH Test 3-61 Angle ... 0° Vehicle Stability
TTl Test No............... 469469-07-05 Location/Orientation Center of post aligned Maximum Yaw Angle..... 2°
TestDate.................. 2019-08-29 14 inches off center of Maximum Pitch Angle.... 1°
Test Article the vehicle toward the Maximum Roll Angle ..... 2°
Sign support structure driver’s side Vehicle Snagging .......... No
PSST sign support in reinforced anchor Impact Severity......... 308 kip*ft Vehicle Pocketing.......... n/a
stub Exit Conditions Test Article Deflections
Installation Length..... n/a Speed .....cccovvveiennn. n/a Dynamic.........ccccevvveeenne n/a
Material or Key Elements  2-inch x 12-ga. PSST support inserted into Exit Trajectory/Heading  n/a Permanent ....... n/a
2% -inch x 12-ga. PSST anchor stub with Occupant Risk Values Working Width n/a
2% -inch x 12-ga. PSST reinforcing sleeve,  Longitudinal OIV....... 2.6 ft/s Working Width Height.... n/a
36-inch-square x 0.100-inch-thick Lateral OlV............... 2.6 ft/s Vehicle Damage
aluminum sign at 84 inches above grade Longitudinal Ridedown 0.3g VDS .o 12FL2
Soil Type and Condition = Embedded in AASHTO M147-65(2004), Lateral Ridedown ..... 049 CDC.oieeeeeeee e 12TLGN3
Grading B soil (crushed limestone) 1.1 m/s Max. Exterior Deformation Non-measurable
Test Vehicle 049 OCDI...oeiiiiiieieee LF0300000
Type/Designation...... 1100C 0.1 Max. Occupant Compartment
Make and Model ....... 2007 Kia Rio Max. 0.050-s Average Deformation ................ 11%4 inches at
Curb...ccooveiiiiiiiieee 2453 Ib Longitudinal.............. -0.79g roof
Test Inertial . 2450 Ib Lateral -0.4g
Dummy.......... 165 Ib Vertical..........ccoue 08¢
Gross Static 2615 1b

Figure 8.16. Summary of Results for MASH Test 3-61 on the PSST Sign Support in Anchor Stub System.
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Table 8.6. Performance Evaluation Summary for MASH Test 3-61 on the PSST Sign Support in Anchor Stub System.

Test Agency: Texas A&M Transportation Institute

Test No.: 469469-07-05

Test Date: 2019-08-29

MASH Test 3-61 Evaluation Criteria Test Results Assessment
Structural Adequacy
B.  The test article should readily activate in a predictable | The embedded Unistrut sign post support yielded Pass
manner by breaking away, fracturing, or yielding. to the 1100C vehicle and fractured as designed.
Occupant Risk
D. Detached elements, fragments, or other debris from After fracture of the support post, the released
the test article should not penetrate or show potential | sign support system rotated toward the vehicle
for penetrating the occupant compartment, or present | and impacted the windshield and roof of the Fail
an undue hazard to other traffic, pedestrians, or vehicle. The sign panel penetrated through the
personnel in a work zone. roof into the occupant compartment.
Deformations of, or intrusions into, the occupant There was a 4-inch wide by 46'2-inch-long cut in
compartment should not exceed limits set forth in the roof and 11% inches of roof deformation. Fail
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 2° and 1°, respectively.
H.  Occupant impact velocities (OIV) should satisfy the Longitudinal OIV was 2.6 ft/s, and lateral OIV
following limits: Preferred value of 10 fi/s, or was 2.6 ft/s. Pass
maximum allowable value of 16 fi/s.
1. The occupant ridedown accelerations should satisfy Longitudinal occupant ridedown acceleration
the following limits: Preferred value of 15.0 g, or was 0.3 g, and lateral occupant ridedown was Pass
maximum allowable value of 20.49 g. 04g.
Vehicle Trajectory
N.  Vehicle trajectory behind the test article is acceptable. | The 1100C vehicle came to rest 420 ft behind
and 13 ft to left of the original position of the Pass
installation.







CHAPTER 9: TXDOT BURN BAN SIGN ON SLIP BASE SUPPORT

9.1 BACKGROUND

TxDOT permits counties to post advisory signs on the roadside to alert motorists when a
burn ban is in effect. The current practice is to append the burn ban notification signs to existing
sign support structures.

Two different sizes of burn ban signs fabricated from lightweight composite sheeting
were appended to slip base sign supports and evaluated through full-scale crash testing under
NCHRP Report 350 with the 820C vehicle (6). In the full-scale tests, secondary contact of the
released sign support system with the roof of the impacting vehicle resulted in roof deformation
ranging from 4.8 inches to 5.6 inches (7). Although these deformations were considered
acceptable under NCHRP Report 350, they exceed the permissible roof deformation criteria of
4 inches in MASH. Additional testing of burn ban signs on slip base supports was therefore
needed with both the 1100C passenger car and the 2270P pickup truck design vehicle that was
added to the MASH test matrix for breakaway support structures. Since burn ban signs are
deployed on support structures along the roadside and not at or near intersections, only
evaluation at 0° was considered necessary.

The previous testing of the burn ban signs under NCHRP Report 350 showed that the
observed roof deformation was largely attributed to the practice of using small signs on slip base
supports rather than the appended lightweight burn ban signs (7). This led to further research that
concluded the minimum sign area that should be used on a slip base support to meet MASH
requirements for 0° impacts is 14 sq ft (8). Therefore, it was recommended to append the burn
ban sign to a slip base sign support system that has a primary sign panel area of at least 14 sq ft.

Two different sizes of burn ban signs are used. The smaller 24-inch by 24-inch sign is
intended to simply communicate that a burn ban is in effect. The larger 30-inch by 36-inch sign
additionally indicates the name of the county when needed. The larger sign is the more critical of
the two sizes. If testing of the 30-inch by 36-inch burn ban sign is satisfactory, the smaller
24-inch by 24-inch burn ban sign will also be considered MASH compliant.

9.2 SYSTEM DETAILS

9.2.1 Test Article and Installation Details

The test installation for evaluation of a burn ban sign on slip base support consisted of a
45-inch-square by 0.10-inch-thick aluminum sign mounted on a 2%2-inch 10 BWG pipe support,
with the lower edge of the primary sign located 84 inches above grade. A T-bracket was attached
to the top of the 10 BWG pipe to help support the aluminum sign panel.

A second 30-inch-wide by 36-inch-tall by 0.080-inch-thick lightweight composite burn
ban sign was mounted 3 inches below the primary sign. The composite burn ban sign panel was
comprised of a thin sheet of high-density polyethylene plastic between aluminum sheets. This
smaller sign was attached directly to the pipe support.

The bottom end of the 10 BWG pipe support was secured inside a cast slip base assembly
using three set screws. The upper triangular slip base plate was secured to a matching lower plate
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using three slip bolts tightened to a torque of 60 ft-1b. A keeper plate was positioned between the
upper and lower slip plates. The lower triangular slip plate was attached to a pipe stub that was
embedded in a 12-inch-diameter by 42-inch-deep unreinforced concrete footing.

Figure 9.1 presents overall information on the burn ban sign on slip base support, and
Figure 9.2 provides photographs of the installation. Appendix H.1 provides further details of the
burn ban sign on slip base support.

9.2.2 Material Specifications

Appendix H.2 provides material certification documents for the materials used to
install/construct the burn ban sign on slip base support.

9.3 MASH TEST 3-61 (TEST NO. 469469-08-01)

9.3.1 Test Designation and Actual Impact Conditions

MASH Test 3-61 involves a 1100C vehicle weighing 2420 1b £55 1b impacting the CIP of
the burn ban sign with slip base at an impact speed of 62 mi/h £2.5 mi/h and an angle of 0°
+1.5°. The centerline of the support post was aligned 13 inches off the centerline of the vehicle
toward the driver’s side.

The 2007 Kia Rio used in the test weighed 2418 b, and the actual impact speed and angle
were 62.9 mi/h and 0°, respectively. Minimum target IS was 288 kip-ft, and actual IS was
320 kip-ft.

9.3.2 Weather Conditions

The test was performed on the morning of April 26, 2019. Weather conditions at the time
of testing were as follows: wind speed: 4 mi/h; wind direction: 30° with respect to the vehicle
(vehicle was traveling in a southerly direction); temperature: 73°F; relative humidity: 71 percent.
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Figure 9.1. Overall Details of the Burn Ban Sign on Slip Base Support.
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Figure 9.2. Burn Ban Sign on Slip Base Support prior to Test No. 469469-08-01.

9.3.3 Test Vehicle

The 2007 Kia Rio shown in Figure 9.3 and Figure 9.4 was used for the crash test. The
vehicle’s test inertia weight was 2418 1b, and its gross static weight was 2583 1b. 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 H.1. and Table H.2. in Appendix H.3.1 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 9.3. Burn Ban Sign with Slip Base Test Vehicle Geometrics for Test
No. 469469-08-01.

Figure 9.4. Test Vehicle before Test No. 469469-08-01.

9.3.4 Test Description

Table 9.1 lists events that occurred during Test No. 469469-08-01. Figure H.1 in
Appendix H.3.2 presents sequential photographs during the test.
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Table 9.1. Events during Test No. 469469-08-01.
Time | Events
0.000 | Vehicle contacts support
0.003 | Slip base begins to move
0.007 | Slip base completely released
0.015 | Composite burn ban sign released from support
0.040 | Released sign support loses contact with bumper
0.067 | Composite burn ban sign impacts windshield
0.157 | Sign and support contact rear window and trunk of vehicle
0.199 | Sign and support rotates off of vehicle

The sign support installation rotated over the 1100C vehicle, and the vehicle came to rest
400 ft downstream of the impact point and in line with the initial impact path.

9.3.5 Damage to Test Installation

Figure 9.5 shows the damage to the burn ban sign on slip base support. The slip base
system activated as designed, and the stub and foundation were undisturbed. The lower burn ban
sign released from the pipe support and came to rest 105 ft downstream and 20 ft right of the
original location. The remaining components of the sign support system stayed together and
came to rest 120 ft downstream and 8 ft right of the original location.
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Figure 9.5. Burn Ban Sign with Slip Base Support after Test No. 469469-08-01.

9.3.6 Damage to Test Vehicle

Figure 9.6 and Figure 9.7 show the damage sustained by the vehicle. There was a 4-inch
by 6-inch by 2.5-inch-deep dent in the front bumper and a 3-inch by 4-inch by 1-inch-deep dent
in the hood, the trunk lid was dented, and the rear window was ejected. The maximum exterior
crush of the vehicle was 2.5 inches at the front bumper. There was no measurable occupant
compartment deformation. The package deck (shelf) under the rear window showed signs of
penetration by the hardware that attached the sign to the support (Figure 9.6). Table H.2 and
Table H.3 in Appendix H.3.1 provide exterior crush and occupant compartment measurements.
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Figure 9.7. Interior of Test Vehicle after Test No. 469469-08-01.

9.3.7 Occupant Risk Factors

Data from the accelerometer, located at the vehicle center of gravity, were digitized for
evaluation of occupant risk, and results are shown in Table 9.2. Figure 9.8 summarizes these
data and other pertinent information from the test. Figure H.2 in Appendix H.3.3 shows the
vehicle angular displacements, and Figure H.3 through Figure H.5 in Appendix H.3.4 show
acceleration versus time traces.
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Table 9.2. Occupant Risk Factors for Test No. 469469-08-01.

Occupant Risk Factor Value Time
Occupant Impact Velocity (OIV) ft/s
Longitudinal 2.0 aF 0.774}6 segonds on right
side of interior
Lateral 1.6
QOccupant Ridedown Accelerations (g’s)
Longitudinal 0.2 (1.2171-1.2271 seconds)
Lateral 0.4 (1.2025-1.2125 seconds)
Theoretical Head Impact Velocity (THIV) 131/; :;[ d% Z)?ﬁ tzc;c(?rnds on right
Acceleration Severity Index (ASI) 0.1 (0.0033-0.0533 seconds)
Maximum 50-ms Moving Average (g’s)
Longitudinal —0.8 (0.0011-0.0511 seconds)
Lateral -0.4 (0.2527-0.3027 seconds)
Vertical 0.8 (0.1533-0.2033 seconds)
Maximum Roll, Pitch, and Yaw Angles Degrees
Roll 1 (0.5983 seconds)
Pitch 3 (1.5000 seconds)
Yaw 2 (0.3072 seconds)

9.3.8 Assessment of Results

An assessment of the test based on the applicable safety evaluation criteria for MASH
Test 3-61 is provided in Table 9.3.

9.4  CONCLUSIONS

The burn ban sign on slip base support did not comply with MASH criteria. After release
from the slip base, the sign support system rotated over the impacting vehicle, and the top of the
sign panel and support contacted and penetrated the rear window.
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General Information
Test Agency..............
Test Standard Test No.
TTI Test No. .............
TestDate.......ccc.....

Test Article

Installation Length.....
Material or Key Elements

Soil Type and Condition

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

Test Inertial
Dummy .....ccccoeenennne.
Gross Static ..............

Texas A&M Transportation Institute (TTI)
MASH Test 3-61

469469-08-01

2019-4-26

Sign support structure

Burn ban sign on slip base support

n/a

Triangular, 3-bolt slip base, 10 BWG
support pipe, 45-inch-square aluminum
sign, 30%36-inch composite sign
Concrete footing in compacted road base

1100C

2007 Kia Rio
2467 Ib
2418 Ib

165 1b

2583 Ib

Impact Conditions
Speed ......cccoveeeeenn.
Angle ..o,
Location/Orientation

Impact Severity.........

Exit Conditions
Speed ......ccccveeeeenn.
Exit Trajectory/Heading

Occupant Risk Values
Longitudinal OIV.......
Lateral OIV...............
Longitudinal Ridedown
Lateral Ridedown .....

Max. 0.050-s Average
Longitudinal..............
Lateral
Vertical.........cccoeeenne

62.9 mi/h

0°

Center of post aligned
13 inches off center of the
vehicle toward the driver’s

side

320 kip*ft

62.9 mi/h

n/a

2.0 ft/s
1.6 ft/s
0.2g
049
0.8 m/s
04g
0.11

Post-Impact Trajectory
Stopping Distance..........
Vehicle Stability
Maximum Yaw Angle.....
Maximum Pitch Angle....
Maximum Roll Angle .....
Vehicle Snagging ..........
Vehicle Pocketing..........
Test Article Deflections
Dynamic.........coceevvueeenne
Permanent .......
Working Width
Working Width Height....
Vehicle Damage
VDS ..o

Max. Occupant Compartment
Deformation ................

Figure 9.8. Summary of Results for MASH Test 3-61 on the Burn Ban Sign with Slip Base.

n/a
n/a
n/a
n/a

12TRGN2
12FR1

2.5 inches
(bumper)
FS0100000

None measurable
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Table 9.3. Performance Evaluation Summary for MASH Test 3-61 on the Burn Ban Sign with Slip Base.

Test Agency: Texas A&M Transportation Institute

Test No.: 469469-08-01

Test Date: 2019-04-16

MASH Test 3-61 Evaluation Criteria Test Results Assessment
Structural Adequacy
B.  The test article should readily activate in a predictable | The slip base activated and released as designed. Pass
manner by breaking away, fracturing, or yielding.
Occupant Risk
D. Detached elements, fragments, or other debris from The released sign support system rotated over the
the test article should not penetrate or show potential | vehicle and contacted the rear window and trunk.
for penetrating the occupant compartment, or present | The top portion of the aluminum sign panel
an undue hazard to other traffic, pedestrians, or penetrated beyond the rear window, leaving Fail
personnel in a work zone. marks on the package deck (shelf) inside the
occupant compartment. Thus, the sign panel
penetrated the occupant compartment.
Deformations of, or intrusions into, the occupant There was no measurable occupant compartment
compartment should not exceed limits set forth in deformation. Pass
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 1° and 3°, respectively.
H.  Occupant impact velocities (OIV) should satisfy the Longitudinal OIV was 2.0 ft/s, and lateral OIV
following limits: Preferred value of 10 fi/s, or was 1.6 ft/s. Pass
maximum allowable value of 16 fi/s.
1. The occupant ridedown accelerations should satisfy Longitudinal occupant ridedown acceleration
the following limits: Preferred value of 15.0 g, or was 0.2 g, and lateral occupant ridedown was Pass
maximum allowable value of 20.49 g. 04g.
Vehicle Trajectory
N.  Vehicle trajectory behind the test article is acceptable. | The 1100C vehicle came to rest 400 ft behind the Pass
original position of the installation.







CHAPTER 10: TXDOT BURN BAN SIGN ON WEDGE AND
SOCKET SUPPORT

10.1 BACKGROUND

TxDOT permits counties to post advisory signs on the roadside to alert motorists when a
burn ban is in effect. The current practice is to append the burn ban notification signs to existing
sign support structures.

The initial implementation of this practice was limited to slip base sign support systems
(7). TxDOT desires to expand this implementation to include thin-wall steel tubing supports
secured in a wedge and socket foundation. Since burn ban signs are deployed on support
structures along the roadside and not at or near intersections, only evaluation at 0° was
considered necessary. Therefore, the recommendation was to evaluate the burn ban sign with
both the 1100C passenger car and 2270P pickup truck at 0°.

Two different sizes of burn ban signs are used. The smaller 24-inch by 24-inch sign is
intended to simply communicate that a burn ban is in effect. The larger 30-inch by 36-inch sign
additionally indicates the name of the county when needed. Due to the capacity of the thin-wall
steel tube support, the smaller 24-inch by 24-inch burn ban sign was evaluated.

10.2 SYSTEM DETAILS

10.2.1 Test Article and Installation Details

The TxDOT burn ban sign on wedge and socket support test installation consisted of two
sign panels mounted on a nominal 2%s-inch outer diameter by 0.095-inch wall galvanized steel
tube support post (13 BWG pipe). The support post was inserted 12 inches into a steel tube
socket that was embedded in a 12-inch-diameter by 30-inch-deep unreinforced concrete footer.
The support post was secured inside the socket using a driven steel wedge.

The upper primary sign was a 38-inch-square by 0.100-inch-thick aluminum panel
mounted with its bottom edge 84 inches above grade. A T-bracket was attached to the top of the
13 BWG pipe to help support the aluminum sign panel. The lower burn ban sign was a 24-inch-
square by “s-inch (3-mm) thick composite panel that was mounted 3 inches below the primary
sign. The composite burn ban sign panel was comprised of a thin sheet of high-density
polyethylene plastic between thin aluminum sheets. The support post, two signs, and associated
hardware weighed 53 Ibs.

Figure 10.1 presents overall information on the burn ban sign on wedge and socket
support, and Figure 10.2 provides photographs of the installation. Appendix I.1 provides further
details of the burn ban sign on wedge and socket support.
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Figure 10.1. Overall Details of the Burn Ban Sign on Wedge and Socket Support.
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Figure 10.2. Burn Ban Sign on Wedge and Socket Support prior to Test No. 469469-09-01.

10.3 MASH TEST 3-61 (TEST NO. 469469-09-01)

10.3.1 Test Designation and Actual Impact Conditions

MASH Test 3-61 involves a 1100C vehicle weighing 2420 1b £55 1b impacting the CIP of
the burn ban sign on wedge and socket support at an impact speed of 62 mi/h £2.5 mi/h and an
angle of 0° +1.5°. The selected impact point was the centerline of the burn ban sign on wedge
and socket support aligned 14 inches off the centerline of the vehicle toward the driver’s side.

The 2008 Kia Rio used in the test weighed 2435 b, and the actual impact speed and angle

were 63.7 mi/h and 0°, respectively. Minimum target impact severity was 288 kip-ft, and actual
IS was 330 kip-ft.
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10.3.2 Weather Conditions

The test was performed on the morning of August 14, 2019. Weather conditions at the
time of testing were as follows: wind speed: 4 mi/h; wind direction: 265° with respect to the
vehicle (vehicle was traveling at a magnetic heading of 180°); temperature: 88°F; relative
humidity: 76 percent.

10.3.3 Test Vehicle

Figure 10.3 and Figure 10.4 show the 2008 Kia Rio!! that was used for the crash test. The
vehicle’s test inertia weight was 2435 1b, and its gross static weight was 2600 1b. 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 1.1 in Appendix 1.2.1 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.

T
:ST469468-9- |
e

= =
T

Figure 10.3. Burn Ban Sign on Wedge and Socket Support Test Vehicle Geometrics for
Test No. 469469-09-01.

! The 2008 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 2008 model vehicle met the MASH requirements.
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Figure 10.4. Test Vehicle before Test No. 469469-09-01.

10.3.4 Test Description

Table 10.1 lists events that occurred during Test No. 469469-09-01. Figure 1.1 in
Appendix 1.2.2 presents sequential photographs during the test.

Table 10.1. Events during Test No. 469469-09-01.
Time | Events
0.000 | Vehicle contacts sign support
0.008 | Sign support begins to pull out of socket
0.039 | Lower burn ban sign on support makes contact with vehicle hood
0.062 | Top primary sign on support impacts windshield

Brakes were applied 1.6 seconds after impact, and the vehicle came to rest 303 ft
downstream and 4 ft left of the origin point of impact with the sign support system still in
contact.

10.3.5 Damage to Test Installation

Figure 10.5 shows the damage to the burn ban sign on wedge and socket support. The
support post partially pulled out of the socket and fractured 24 inches above the ground line. The
lower portion remaining in the socket was bent over approximately 85° such that it was nearly
parallel with the ground. Both sign panels remained attached to the upper portion of the fractured
support post, and this assembly wrapped around the front of the test vehicle and remained intact
with the vehicle until it came to a stop.
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Figure 10.5. Burn Ban Sign on Wedge and Socket Support after Test No. 469469-09-01.

10.3.6 Damage to Test Vehicle

Figure 10.6 and Figure 10.7 show the damage sustained by the vehicle. There was a dent
in the front bumper and a 24-inch by 34-inch by 4.25-inch-deep dent in the hood including two
0.25-inch round holes that were 7 inches apart. The left headlight, left side mirror, left A-pillar,
and radiator support were damaged. The windshield had a 37-inch by 32-inch by 6-inch-deep
indentation and two cuts/tears in the laminate, one 16 inches long and one 3 inches long. There
was no measurable exterior crush of the vehicle. The windshield deformed 6 inches into the
occupant compartment and had a large cut in it as explained previously. Table 1.2 and Table 1.3
in Appendix I.2.1 provide exterior crush and occupant compartment measurements.
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Figure 10.7. Interior of Test Vehicle after Test No. 469469-09-01.

10.3.7 Occupant Risk Factors

Data from the accelerometer, located at the vehicle center of gravity, were digitized for
evaluation of occupant risk, and results are shown in Table 10.2. Figure 10.8 summarizes these
data and other pertinent information from the test. Figure 1.2 in Appendix 1.2.3 shows the vehicle
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angular displacements, and Figure 1.3 through Figure 1.5 in Appendix 1.2.4 show acceleration
versus time traces.

Table 10.2. Occupant Risk Factors for Test No. 469469-09-01.

Occupant Risk Factor Value Time
Occupant Impact Velocity (OIV) ft/s
Loneitudi at 0.2671 seconds on front of
ongitudinal 8.5 L
interior
Lateral 1.0
QOccupant Ridedown Accelerations (g’s)
Longitudinal 0.4 (0.4735-0.4835 seconds)
Lateral 0.9 (0.3533-0.3633 seconds)
Theoretical Head Impact Velocity (THIV) m/s ?lt 0'2680 seconds on front of
2.7 interior
Acceleration Severity Index (ASI) 0.35 (0.0408-0.0908 seconds)
Maximum 50-ms Moving Average (g’s)
Longitudinal —-4.4 (0.0123-0.0623 seconds)
Lateral -1.1 (0.0710-0.1210 seconds)
Vertical 3.4 (0.0288-0.0788 seconds)
Maximum Roll, Pitch, and Yaw Angles Degrees
Roll 5 (0.2870 seconds)
Pitch 2 (0.1800 seconds)
Yaw 9 (0.4507 seconds)

10.3.8 Assessment of Results

An assessment of the test based on the applicable safety evaluation criteria for MASH
Test 3-61 is provided in Table 10.3.

104 CONCLUSIONS

Upon impact with the burn ban sign on wedge and socket support, the support post
initially began to pull out of its socket, but it subsequently fractured about 24 inches above grade.
After fracture of the support post, the upper portion wrapped around the front of the vehicle, and
the upper sign panel and support contacted and penetrated the windshield. Consequently, the
burn ban sign on wedge and socket support did not meet MASH criteria.
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Impact Path

General Information
Test Agency..............
Test Standard Test No.
TTI Test No...............
Test Date...................

Test Article

Installation Length.....
Material or Key Elements

Soil Type and Condition

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

Test Inertial.
Dummy..........
Gross Static

Texas A&M Transportation Institute (TTI)
MASH Test 3-61

469469-09-01

2019-8-14

Sign support structure

Burn ban sign on wedge and socket
support

n/a

13 BWG steel pipe support secured in
socket with steel wedge, 38-inch-square
aluminum primary sign, 24-inch-square
composite burn ban sign, steel hardware
Unreinforced concrete footer in
compacted road base

1100C

2008 Kia Rio
2459 Ib
2435 1b

165 Ib

2600 Ib

Impact Conditions
Speed .....ccovieieenne.
Angle .....ccociiinnn.
Location/Orientation

Impact Severity.........

Exit Conditions
Speed .....cccovvveiennn.
Exit Trajectory/Heading

Occupant Risk Values
Longitudinal OIV.......
Lateral OlV...............
Longitudinal Ridedown
Lateral Ridedown .....

Max. 0.050-s Average
Longitudinal..............
Lateral
Vertical............cc......

63.7 mi/h

0°

Center of post aligned

14 inches off center of the
vehicle toward the driver’s
side

330 kip*ft

n/a
n/a

8.5 ft/s
1.0 ft/s

349

Post-Impact Trajectory
Stopping Distance..........
Vehicle Stability
Maximum Yaw Angle.....
Maximum Pitch Angle....
Maximum Roll Angle .....
Vehicle Snagging ..........
Vehicle Pocketing..........
Test Article Deflections
Dynamic.........ccccevvveeenne
Permanent .......
Working Width
Working Width Height....
Vehicle Damage

Max. Occupant Compartment

Deformation ................

303 ft, 4 ft left

n/a
n/a

12TLGN2

12FL1
Non-measurable
FS0000000

6 inches at
windshield

Figure 10.8. Summary of Results for MASH Test 3-61 on the Burn Ban Sign on Wedge and Socket Support.
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Table 10.3. Performance Evaluation Summary for MASH Test 3-61 on the Burn Ban Sign on Wedge and Socket Support.

Test Agency: Texas A&M Transportation Institute

Test No.: 469469-09-01

Test Date: 2019-04-16

MASH Test 3-61 Evaluation Criteria Test Results Assessment
Structural Adequacy
B.  The test article should readily activate in a predictable | The burn ban sign on wedge and socket support Pass
manner by breaking away, fracturing, or yielding. yielded to the 1100C vehicle and fractured.
Occupant Risk
D.  Detached elements, fragments, or other debris from After fracture of the support post, the upper
the test article should not penetrate or show potential | portion wrapped around the front of the vehicle,
for penetrating the occupant compartment, or present | and the upper sign panel and support contacted Fail
an undue hazard to other traffic, pedestrians, or and penetrated the windshield. The sign panel
personnel in a work zone. penetrated the occupant compartment.
Deformations of, or intrusions into, the occupant There was a 6-inch-deep area of deformation and
compartment should not exceed limits set forth in 16-inch-long tear in the windshield laminate. Fail
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 5° and 2°, respectively.
H.  Occupant impact velocities (OIV) should satisfy the Longitudinal OIV was 8.5 ft/s, and lateral OIV
following limits: Preferred value of 10 fi/s, or was 1.0 ft/s. Pass
maximum allowable value of 16 fi/s.
1. The occupant ridedown accelerations should satisfy Longitudinal occupant ridedown acceleration
the following limits: Preferred value of 15.0 g, or was 0.4 g, and lateral occupant ridedown was Pass
maximum allowable value of 20.49 g. 09 g.
Vehicle Trajectory
N.  Vehicle trajectory behind the test article is acceptable. | The 1100C vehicle came to rest 303 ft behind the Pass
original position of the installation.




CHAPTER 11: TXDOT SINGLE TEMPORARY MAILBOX
ON PLASTIC DRUM

11.1 BACKGROUND

The small passenger car is considered the critical design vehicle for evaluation of
mailbox support systems based on the required mailbox mounting height. As shown in
Figure 11.1, the mounting height regulated for mailboxes by the United States Postal Service
places mailboxes at a height that makes interaction with the windshield of the pickup truck
design vehicle improbable. The taller hood height and longer wrap-around distance (i.e., the
distance from the ground, around the front end, and across the hood to the base of the
windshield) of the 2270P pickup truck significantly decreases the probability of windshield
impact and occupant compartment intrusion. Therefore, Test 3-62 with the pickup truck was
considered unnecessary for the MASH evaluation of the TXDOT mailbox systems.

i ]
TEXAS TRANSPORTATION INSTITUTE]
20 l5'[lﬂ'2E_TIEEET'4E!IIDZS-'3-4

Figure 11.1. Mailbox Geometrics with 2270P Pickup Truck (9).

The MASH test matrix for breakaway supports includes two tests with the 1100C small
passenger car: a low-speed test at 19 mi/h (Test 3-60) and a high-speed test at 62 mi/h
(Test 3-61). In the low-speed small car test, MASH testing has shown that the mailbox support
assembly will be pushed forward by the impacting vehicle (/0). It is unlikely that the mailbox
will separate from the support or that the support assembly will interact with the vehicle
windshield during this lower impact severity test.

TTI researchers consider the most critical test for evaluation of mailbox systems to be
MASH test designation 3-61, which involves the 1100C small passenger car impacting at high
speed. This test evaluates both the structural adequacy of the mailbox connection hardware and
any secondary contact and interaction between the mailbox support assembly and the vehicle,
particularly the windshield. If the mailbox remains attached during this high-speed test, it is not
expected to detach in the low-speed test.
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Three different mailbox support systems were selected for MASH testing and evaluation
during Phase III of the project. The details of these systems and the results of the crash testing
are provided as follows.

11.2  SINGLE TEMPORARY MAILBOX ON PLASTIC DRUM (TYPE 6
FOUNDATION)

11.2.1 System Details

The test installation consisted of a No. 1-A medium size mailbox (Gibraltar Model
#E1600B00) attached to the top of a “Lane Changer” plastic construction drum (Work Area
Protection Corp Model# BSO0LC) using two 14-gauge steel angle brackets (DHT 2917). The
bottom of the mailbox was mounted 42 inches above grade. The single temporary mailbox on a
plastic drum was placed freestanding on compacted AASHTO M147-65(2004) Grade B crushed
limestone road base. Details of this system are described in Maintenance Division standard
MB-15(1) and Section K of the TxDOT Compliant Work Zone Traffic Control Device List.

Figure 11.2 presents overall information on the single temporary mailbox on a plastic
drum, and Figure 11.3 provides photographs of the test installation. Further details are provided
in Appendix J.1.1.

11.2.2 MASH Test 3-61 (Crash Test No. 469469-10-1)

11.2.2.1 Test Designation and Actual Impact Conditions

MASH Test 3-61 involves an 1100C vehicle weighing 2420 Ib +55 Ib impacting the CIP
of the single temporary mailbox on a plastic drum at an impact speed of 62 mi/h £2.5 mi/h and
an angle of 0° £1.5°. The target impact point was the centerline of the mailbox aligned 14 inches
toward the driver’s side from the centerline of the vehicle.

The 2011 Kia Rio used in the test weighed 2440 Ib, and the actual impact speed and angle
were 62.9 mi/h and 0°, respectively. The actual impact point on the vehicle was the centerline of
the mailbox aligned with a point 14 inches toward the driver’s side from the centerline of the
vehicle. Minimum target impact severity was 288 kip-ft, and actual IS was 323 kip-ft.

11.2.2.2 Weather Conditions

The test was performed on the morning of April 11, 2019. Weather conditions at the time
of testing were as follows: wind speed: 8 mi/h; wind direction: 229° with respect to the vehicle
(vehicle was traveling at a magnetic heading of 180°); temperature: 76°F; relative humidity:

75 percent.
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Figure 11.2. Overall Details of the Single Temporary Mailbox on Plastic Drum.
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Figure 11.3. Single Temporary Mailbox on Plastic Drum prior to Testing.

11.2.2.3 Test Vehicle

The 2011 Kia Rio,'? shown in Figure 11.4 and Figure 11.5, was used for the crash test.
The vehicle’s test inertia weight was 2440 1b, and its gross static weight was 2605 Ib. The height
to the lower edge of the vehicle bumper was 7.8 inches, and height to the upper edge of the
bumper was 21.5 inches. Table J.1 in Appendix J.1.2 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.

12 The 2011 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 2011 model vehicle met the MASH requirements.
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Figure 11.4. Single Temporary Mailbox on Plastic Drum/Test Vehicle Geometrics for Test
No. 469469-10-1.

Figure 11.5. Test Vehicle before Test No. 469469-10-1 (prior to Placement of the Dummy).

11.2.2.4 Test Description

The 2011 Kia Rio, traveling at an impact speed of 62.9 mi/h, contacted the single
temporary mailbox on a plastic drum 14 inches toward the driver’s side from the centerline of the
vehicle (CIP) at an impact angle of 0°. Table 11.1 lists events that occurred during Test
No. 469469-10-1. Figure J.1 in Appendix J.1.3 presents sequential photographs during the test.

Table 11.1. Events during Test No. 469469-10-1.

Time | Events

0.000 | Vehicle contacts drum

0.025 | Drum released from rubber ring base

0.034 | Mailbox begins to impact vehicle hood

0.097 | Drum and mailbox have rebounded off vehicle

Brakes were applied at 1.8 seconds after loss of contact with the single temporary
mailbox on a plastic drum, and the vehicle came to rest 325 ft downstream and in line of the
point of impact.
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11.2.2.5 Damage to Test Installation

Figure 11.6 shows the damage to the single temporary mailbox on a plastic drum. The
mailbox was deformed but still attached to the drum. The single temporary mailbox on a plastic
drum assembly came to rest 90 ft downstream and 10 ft to the left of its original location.

Figure 11.6. Single Temporary Mailbox on Plastic Drum after Test No. 469469-10-1.

11.2.2.6 Damage to Test Vehicle

Figure 11.7 and Figure 11.8 show the damage sustained by the vehicle. The hood of the
vehicle suffered an 8-inch by 20-inch by %-inch-deep dent, and there were minor scuff marks on
the bumper at the point of impact. There was neither measurable exterior crush nor interior
deformation to the vehicle. Table J.2 and Table J.3 in Appendix J.1.2 provide further details.
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Figure 11.8. Interior of Test Vehicle for Test No. 469469-10-1.

11.2.2.7 Occupant Risk Factors

Data from the accelerometer, located at the vehicle center of gravity, were digitized for
evaluation of occupant risk, and results are shown in Table 11.2. Figure 11.9 summarizes
these data and other pertinent information from the test. Figure J.2 in Appendix J.1.4 shows
the vehicle angular displacements, and Figure J.3 through Figure J.5 in Appendix J.1.5 show
acceleration versus time traces.
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Table 11.2. Occupant Risk Factors for Test No. 469469-10-1.

Occupant Risk Factor Value Time
Occupant Impact Velocity (OIV) ft/s
Longitudinal 03 at Q.79$8 seconds on left side
of interior
Lateral 3.0
QOccupant Ridedown Accelerations (g’s)
Longitudinal 0.2 (1.3974-1.4074 seconds)
Lateral 0.4 (1.3319-1.3419 seconds)
Theoretical Head Impact Velocity (THIV) I(;l/; 2}?I.lze9égrseconds on left side
Post Head Deceleration (PHD) (g’s) 0.5 (1.3319-1.3419 seconds)
Acceleration Severity Index (ASI) 0.06 (0.0464-0.0964 seconds)
Maximum 50-ms Moving Average (g’s)
Longitudinal -0.5 (0.0012—0.0512 seconds)
Lateral 0.3 (0.0186-0.0686 seconds)
Vertical 0.5 (0.0312-0.0812 seconds)
Maximum Roll, Pitch, and Yaw Angles Degrees
Roll 2 (1.4519 seconds)
Pitch 1 (0.2792 seconds)
Yaw 3 (1.4725 seconds)

11.2.2.8 Assessment of Results

An assessment of the test based on the applicable safety evaluation criteria for MASH
Test 3-61 is provided in Table 11.3.

11.2.3 Conclusions

The TxDOT mailbox support and foundation (MB-15[1]) Type 6 temporary mailbox
support on a plastic drum (single temporary mailbox on a plastic drum) performed acceptably for
MASH Test 3-61.

TR No. 0-6946-R3 152 2020-05-28



€d-9v69-0 'ON dL

€Sl

8C-50-0C0C

0.000 s 0.050 s 0.100 s
Il 325’
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N II
I,'I III
Impact Path — 1
General Information Impact Conditions Post-Impact Trajectory
Test Agency.............. Texas A&M Transportation Institute (TTI) Speed .....ccovvvieennn. 62.9 mi/h Stopping Distance.......... 325 ft
Test Standard Test No. MASH Test 3-61 Angle ..., 0° Vehicle Stability
TTI Test No. ............. 469469-10-1 Location/Orientation 14 inches off center of Maximum Yaw Angle..... 3°
Test Date................. 2019-04-11 vehicle on driver’s side Maximum Pitch Angle.... 1°
Test Article with center of mailbox Maximum Roll Angle ..... 2°
Temporary mailbox Impact Severity......... 323 kip*ft Vehicle Snagging No
Mailbox on “Lane Changer” construction  Exit Conditions Vehicle Pocketing n/a
drum Speed ....cccoeviiiiienen 60.0 mi/h Test Article Deflections
Installation Length..... n/a Exit Trajectory/Heading  0° Dynamic.........cccccevueeenne n/a
Material or Key Elements Metal medium-size mailbox bolted to Occupant Risk Values Permanent .................... n/a
plastic drum Longitudinal OIV....... 0.3 ft/s Working Width............... n/a
Soil Type and Condition AASHTO M147-65(2004) Grade B Lateral OlV............... 3.0 ft/s Working Width Height.... n/a
crushed limestone road base Longitudinal Ridedown 0.2g Vehicle Damage
Test Vehicle Lateral Ridedown ..... 04g n/a
Type/Designation....... 1100C 3.3 km.h n/a
Make and Model ....... 2011 Kia Rio 059 None measurable
Curb..cooiiiiiice 2455 1b 0.06 n/a
Test Inertial 2440 b Max. 0.050-s Average Max. Occupant Compartment
Dummy 165 Ib Longitudinal.............. -0.5g Deformation ................ None measurable
Gross Static 2605 Ib Lateral 0.3g
Vertical..........coeu. 05¢

Figure 11.9. Summary of Results for MASH Test 3-61 on the Single Temporary Mailbox on Plastic Drum.
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Table 11.3. Performance Evaluation Summary for MASH Test 3-61 on the Single Temporary Mailbox on Plastic Drum.

Test Agency: Texas A&M Transportation Institute

Test No.: 469469-10-1

Test Date: 2019-04-11

MASH Test 3-61 Evaluation Criteria Test Results Assessment
Structural Adequacy
B.  The test article should readily activate in a predictable | The single temporary mailbox on a plastic drum Pass
manner by breaking away, fracturing, or yielding. yielded to the 1100C vehicle.
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 occurred.
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 2° and 1°, respectively.
H.  Occupant impact velocities (OIV) should satisfy the Longitudinal OIV was 0.3 ft/s, and lateral OIV
following limits: Preferred value of 10 fi/s, or was 3.0 ft/s. Pass
maximum allowable value of 16 fi/s.
1. The occupant ridedown accelerations should satisfy Maximum longitudinal occupant ridedown
the following limits: Preferred value of 15.0 g, or acceleration was 0.2 g, and maximum lateral Pass
maximum allowable value of 20.49 g. occupant ridedown acceleration was 0.4 g.
Vehicle Trajectory
N.  Vehicle trajectory behind the test article is acceptable. | The 1100C vehicle came to rest 325 ft behind the Pass
installation.




11.3 SINGLE CENTENNIAL MODEL MAILBOX ON TYPE 2 FOUNDATION

11.3.1 System Details

This system consisted of a single extra-large mailbox attached to a galvanized thin-wall
steel tube support secured inside a 12-gauge galvanized anchor socket embedded in a concrete
footing. The bottom (floor) of the mailbox was mounted 42 inches above grade. Details of this
system are described in Maintenance Division standard MB-15(1).

The Centennial extra-large mailbox (Model #950020B) from Architectural Mailboxes
had approximate dimensions of 11.9 inches tall by 14.2 inches wide by 18.3 inches deep and
weighed 11.8 1b. Attachment of the mailbox to the post was accomplished using a mailbox
bracket with an integral collar (DHT #161443). The bracket was secured to the bottom of the
mailbox using four 5/16-inch-diameter by 1-inch-long SAE Grade 5 hex bolts, two 2-inch by
5%-inch by “&-inch ASTM A36 plate washers, and associated hardware. The collar on the
mailbox bracket was positioned over and secured to the top of the support post using a 5/16-inch-
diameter by 3-inch-long SAE Grade 5 hex bolt with associated hardware.

The support post was a 2%-inch-outside-diameter by 0.095-inch-thick galvanized thin-
wall steel tube (DHT #143426). The support post was inserted approximately 8 inches into a
2%s-inch-outside-diameter by 0.095-inch-thick galvanized thin-wall steel tube socket (DHT
#143434) and secured with a curved steel wedge plate (DHT #143433) on the impact side. The
socket was embedded 27 inches deep and installed flush with the top of a TxDOT Type 2 non-
reinforced concrete footer that measured approximately 12 inches in diameter by 30 inches deep.

Figure 11.10 presents overall information on the extra-large mailbox on thin-wall
galvanized tube with Type 2 foundation, and Figure 11.11 provides photographs of the test
installation. Further details are provided in Appendix J.2.1.
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Figure 11.10. Overall Details of the Centennial Mailbox on Steel Tube Post.
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Figure 11.11. Centennial Mailbox on Steel Tube Post prior to Testing.

11.3.2 MASH Test 3-61 (Crash Test No. 469469-10-2)

11.3.2.1 Test Designation and Actual Impact Conditions

MASH Test 3-61 involves a 1100C vehicle weighing 2420 1b +55 1b impacting the
Centennial model mailbox on Type 2 foundation at an impact speed of 62 mi/h £2.5 mi/h and an
angle of 0° +1.5°. The target impact point was the centerline of the mailbox support aligned
14 inches toward the driver’s side from the centerline of the vehicle.

The 2011 Kia Rio used in the test weighed 2440 lb, and the actual impact speed and angle
were 63.0 mi/h and 0°, respectively. The actual impact point of the mailbox support on the
vehicle was 14 inches toward the driver’s side from the centerline of the vehicle. Minimum
target impact severity was 288 kip-ft, and actual IS was 324 kip-ft.

11.3.2.2 Weather Conditions

The test was performed on the morning of June 25, 2019. Weather conditions at the time
of testing were as follows: wind speed: 3 mi/h; wind direction: 144° with respect to the vehicle
(vehicle was traveling at a magnetic heading of 180°); temperature: 85°F; relative humidity:

79 percent.
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11.3.2.3 Test Vehicle

The 2011 Kia Rio,'* shown in Figure 11.12 and Figure 11.13, was used for the crash test.
The vehicle’s test inertia weight was 2440 Ib, and its gross static weight was 2605 lb. The height
to the lower edge of the vehicle bumper was 7.8 inches, and height to the upper edge of the
bumper was 21.5 inches. Table J.5 in Appendix J.2.2 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.

iy
il

Figure 11.12. Extra-Large Mailbox on Thin-Wall Galvanized Tube with Type 2
Foundation/Test Vehicle Geometrics for Test No. 469469-10-2.

Figure 11.13. Test Vehicle before Test No. 469469-10-2 (prior to Installation of the

Dummy).

13 The 2011 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 2011 model vehicle met the MASH requirements.
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11.3.2.4 Test Description

Table 11.4 lists events that occurred during Test No. 469469-10-2. Figure J.6 in
Appendix J.2.3 present sequential photographs during the test.

Table 11.4. Events during Test No. 469469-10-2.
Time | Events
0.000 | Vehicle contacts mailbox support
0.008 | Mailbox support begins to pull out of base
0.015 | Top of mailbox separates from bottom panel of mailbox
0.059 | Mailbox support is still in base under car and flat on ground
0.028 | Top of mailbox impacts hood of vehicle
0.144 | Mailbox has rebounded off of windshield and post is under car

Brakes on the vehicle were applied 1.25 seconds after impact. The vehicle came to rest
265 ft downstream of and in line with the point of impact with the vehicle facing 45°
counterclockwise.

11.3.2.5 Damage to Test Installation

Figure 11.14 shows the damage to the Centennial model mailbox on Type 2 foundation.
The post pulled out of the socket 5 inches and then bent over flat against the soil/concrete. The
mailbox was detached from the bracket and separated into four pieces that came to rest in an area
ranging from 55 to 95 ft downstream of the point of impact and 5 ft left to 31 ft right of the travel
path of the vehicle.
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Figure 11.14. Extra-Large Mailbox on Thin-Wall Galvanized Tube with Type 2 Foundation
after Test No. 469469-10-2.

11.3.2.6 Damage to Test Vehicle

Figure 11.15 and Figure 11.16 show the damage sustained by the vehicle. The right side
of the bumper had a 3-inch dent, and the right side of the hood of the vehicle had a 29-inch by
31-inch by 1.3-inch-deep dent with 2.5-inch by 2-inch cuts. There was a small dent in the right
A-pillar, and the bottom right of the windshield was fractured over an 8-inch by 8-inch area;
however, there was no penetration of the windshield. There was a 3-inch dent in the bumper and
no interior deformation to the vehicle. Table J.6 and Table J.7 in Appendix J.2.2 provide further
details.

TR No. 0-6946-R3 160 2020-05-28



Figure 11.16. Interior of Test Vehicle for Test No. 469469-10-2.

11.3.2.7 Occupant Risk Factors

Data from the accelerometer, located at the vehicle center of gravity, were digitized for
evaluation of occupant risk, and results are shown in Table 11.5. Figure 11.17 summarizes
these data and other pertinent information from the test. Figure J.7 in Appendix J.2.4 shows
the vehicle angular displacements, and Figure J.8 through Figure J.10 in Appendix J.2.5 show
acceleration versus time traces.
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Table 11.5. Occupant Risk Factors for Test No. 469469-10-2.

Occupant Risk Factor Value Time
Occupant Impact Velocity (OIV) ft/s
Longitudinal 3.0 at Q.6071 seconds on left side
of interior
Lateral 2.6
QOccupant Ridedown Accelerations (g’s)
Longitudinal 0.2 (0.7029-0.7129 seconds)
Lateral 0.4 (0.9324-0.9424 seconds)
Theoretical Head Impact Velocity (THIV) rf/; 2}?£e9r9i§rseconds on left side
Post Head Deceleration (PHD) (g’s) 0.4 (0.9324-0.9424 seconds)
Acceleration Severity Index (ASI) 0.2 (0.0154-0.0654 seconds)
Maximum 50-ms Moving Average (g’s)
Longitudinal -1.9 (0.0006-0.0506 seconds)
Lateral 0.5 (0.0606-0.1106 seconds)
Vertical 0.7 (0.0309-0.0809 seconds)
Maximum Roll, Pitch, and Yaw Angles Degrees
Roll 3 (1.0000 seconds)
Pitch 1 (0.1126 seconds)
Yaw 3 (0.3505 seconds)

11.3.2.8 Assessment of Results

An assessment of the test based on the applicable safety evaluation criteria for MASH
Test 3-61 is provided in Table 11.6.

11.3.3 Conclusions

The Centennial model mailbox mounted on a 2%s-inch OD by 0.095-inch wall galvanized
steel tube post performed acceptably for MASH Test 3-61.
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General Information Impact Conditions Post-Impact Trajectory
Test Agency.............. Texas A&M Transportation Institute (TTI) 63.0 mi/h Stopping Distance 265 ft
Test Standard Test No. MASH Test361  Angle ...cocevinenne. 0° Vehicle Stability
TTl Test No............... 469469-10-2 Location/Orientation Center of mailbox post Maximum Yaw Angle 3°
TestDate.................. 2019-06-25 aligned 14 inches off Maximum Pitch Angle.... 1°
Test Article center of vehicle on Maximum Roll Angle 3°
TYpe..ooiiiieiee Mailbox support driver’s side Vehicle Snagging No
Name......ccooooeeninnn. Extra-large mailbox on thin-wall tube with  Impact Severity 324 kip*ft Vehicle Pocketing n/a
Type 2 foundation Exit Conditions Test Article Deflections
Installation Length..... nfa. Speed...cccecrrrrnn.. 61.3milh  DynamiC......cccccevrnunennn. n/a
Material or Key Elements Extra-large mailbox attached to 2%-inch Exit Trajectory/Heading 0° n/a
OD steel tube inserted into a steel anchor Occupant Risk Values Working Width n/a
tube embedded in concrete footing and Longitudinal OIV 3.0 ft/s Working Width Height.... n/a
secured by a curved steel wedge 2.6 ft/s Vehicle Damage
Soil Type and Condition AASHTO M147-65(2004) Grade B Longitudinal Ridedown 0.2g VDS ... n/a
crushed limestone road base Lateral Ridedown 04g  CDC.cciieiiii n/a
Test Vehice  THIV.................... 1.3 m/s Max. Exterior Deformation None measurable
Type/Designation...... 1100  PHD.s 04g  OCDlceeiiiiiiiieeine n/a
Make and Model ....... 2011 KiaRo ASlaiee 0.2 Max. Occupant Compartment
Curb....cceeiiiiie 2455 b Max. 0.050-s Average None measurable
Test Inertial. 2440 b -1.99
Dummy.......... 165 Ib 0.5g
Gross Static 2605 Ib 0.7g

Figure 11.17. Summary of Results for MASH Test 3-61 on the Extra-Large Mailbox on Thin-Wall Galvanized Tube with

Type 2 Foundation.
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Table 11.6. Performance Evaluation Summary for MASH Test 3-61 on the Centennial Model Mailbox on Type 2

Foundation.
Test Agency: Texas A&M Transportation Institute Test No.: 469469-10-2 Test Date: 2019-06-25
MASH Test 3-61 Evaluation Criteria Test Results Assessment
Structural Adequacy
B.  The test article should readily activate in a predictable | The Centennial model mailbox on a Type 2 Pass
manner by breaking away, fracturing, or yielding. foundation yielded to the 1100C vehicle.
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 occurred.
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 3° and 1°, respectively.
H.  Occupant impact velocities (OIV) should satisfy the Longitudinal OIV was 3.0 ft/s, and lateral OIV
following limits: Preferred value of 10 ft/s, or was 2.6 ft/s. Pass
maximum allowable value of 16 fi/s.
I The occupant ridedown accelerations should satisfy Maximum longitudinal occupant ridedown
the following limits: Preferred value of 15.0 g, or acceleration was 0.2 g, and maximum lateral Pass
maximum allowable value of 20.49 g. occupant ridedown acceleration was 0.4 g.
Vehicle Trajectory
N. Vehicle trajectory behind the test article is acceptable. The hl QOC vehicle came to rest 265 ft behind the Pass
nstallation.




114 LOCKABLE MAILBOX ON THIN-WALL GALVANIZED TUBE WITH TYPE 2
FOUNDATION

11.4.1 System Details

This system consisted of a lockable mailbox attached to a galvanized thin-wall steel tube
support secured inside a 12-gauge galvanized anchor socket embedded in a concrete footing. The
bottom (floor) of the mailbox was mounted 42 inches above grade. Details of this system are
described in Maintenance Division standard MB-15(1).

The Oasis Jr. Elite lockable mailbox (Model #620010B-10) had approximate dimensions
of 15 inches tall by 12 inches wide by 18.1 inches deep and weighed 23 Ib. Attachment of the
mailbox to the post was accomplished using a mailbox bracket with an integral collar (DHT
#161443). The bracket was secured to the bottom of the mailbox using four %s-inch-diameter by
1%4-inch-long SAE Grade 5 hex bolts, two 2-inch by 5%-inch by s-inch ASTM A36 plate
washers, and associated hardware. The collar on the mailbox bracket was positioned over and
secured to the top of the support post using a 5/16-inch-diameter by 3-inch-long SAE Grade 5
hex bolt with associated hardware.

The support post was a 2%-inch-outside-diameter by 0.095-inch-thick galvanized thin-
wall steel tube (DHT #143426). The support post was inserted approximately 8 inches into a
2%-inch-outside-diameter by 0.125-inch-thick galvanized thin-wall steel tube socket (DHT
#143434) and secured with a curved steel wedge plate (DHT #143433) on the impact side. The
socket was embedded 27 inches deep and installed flush with the top of a TxDOT Type 2 non-
reinforced concrete footer that measured approximately 12 inches in diameter by 30 inches deep.

Figure 11.18 presents overall information on the lockable mailbox on thin-wall
galvanized tube with Type 2 foundation, and Figure 11.19 provides photographs of the test
installation. Further details are provided in Appendix J.3.1.
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Figure 11.18. Overall Details of the Lockable Mailbox on Steel Tube Post.
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Figure 11.19. Lockable Mailbox on Steel Tube Post prior to Testing.

11.4.2 MASH Test 3-61 (Crash Test No. 469469-10-3)

11.4.2.1 Test Designation and Actual Impact Conditions

MASH Test 3-61 involves a 1100C vehicle weighing 2420 1b £55 1b impacting the
lockable mailbox on thin-wall galvanized tube with Type 2 Foundation at an impact speed of
62 mi/h 2.5 mi/h and an angle of 0° +1.5°. The target impact point was the centerline of the
mailbox support aligned 14 inches toward the driver’s side from the centerline of the vehicle.

The 2011 Kia Rio used in the test weighed 2440 b, and the actual impact speed and angle
were 62.6 mi/h and 0°, respectively. The actual impact point on the vehicle was 14 inches toward

the driver’s side from the centerline of the vehicle. Minimum target impact severity was
288 kip-ft, and actual IS was 320 kip-ft.

11.4.2.2 Weather Conditions

The test was performed on the afternoon of June 25, 2019. Weather conditions at the time
of testing were as follows: wind speed: 10 mi/h; wind direction: 158° with respect to the vehicle
(vehicle was traveling at a magnetic heading of 180°); temperature: 88°F; relative humidity:

66 percent.
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11.4.2.3 Test Vehicle

The 2011 Kia Rio,'* shown in Figure 11.20 and Figure 11.21, was used for the crash test.
The vehicle’s test inertia weight was 2440 1b, and its gross static weight was 2605 1b. The height
to the lower edge of the vehicle bumper was 7.8 inches, and height to the upper edge of the
bumper was 21.5 inches. Table J.9 in Appendix J.3.2 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.

Figure 11.20. Lockable Mailbox on Thin-Wall Galvanized Tube with Type 2
Foundation/Test Vehicle Geometrics for Test No. 469469-10-3.

Figure 11.21. Test Vehicle before Test No. 469469-10-3.

11.4.2.4 Test Description

Table 11.7 lists events that occurred during Test No. 469469-10-3. Figure J.1.1 in
Appendix J.3.3 presents sequential photographs during the test.

14 The 2011 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 2011 model vehicle met the MASH requirements.
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Table 11.7. Events during Test No. 469469-10-3.

Time | Events

0.000 | Vehicle contacts mailbox support

0.011 | Mailbox support begins to pull out of base

0.024 | Mailbox support is fully released from base socket
0.025 | Mailbox on support impacts hood of vehicle

0.104 | Mailbox on support rebounds off hood

The brakes were applied 1.5 seconds after impact, and the vehicle came to rest 296 ft
downstream of and in line of the point of impact.

11.4.2.5 Damage to Test Installation

Figure 11.22 shows the damage to the lockable mailbox on thin-wall galvanized tube
with Type 2 foundation. The mailbox-post assembly remained intact. The mailbox, bracket, and
support post were deformed. The lockable mailbox on thin-wall galvanized tube with Type 2
foundation assembly came to rest 311 ft downstream of its original location.

Figure 11.22. Lockable Mailbox on Thin-Wall Galvanized Tube with Type 2 Foundation
after Test No. 469469-10-3.

TR No. 0-6946-R3 169 2020-05-28



11.4.2.6 Damage to Test Vehicle

Figure 11.23 and Figure 11.24 show the damage sustained by the vehicle. The front
bumper sustained a 3-inch-deep dent, 14 inches from the centerline of the vehicle. The left side
hood of the vehicle had a 26-inch by 33-inch by 1.5-inch-deep dent with a “4-inch by 2-inch cut.
The lower left area of the windshield was cracked over an area approximately 8 inches by
8 inches. There was no measurable exterior crush or interior deformation to the vehicle.

Table J.10 and Table J.11 in Appendix J.3.2 provide further details.

Figure 11.24. Interior of Test Vehicle for Test No. 469469-10-3.

11.4.2.7 Occupant Risk Factors

Data from the accelerometer, located at the vehicle center of gravity, were digitized for
evaluation of occupant risk, and results are shown in Table 11.8. Figure 11.25 summarizes
these data and other pertinent information from the test. Figure J.12 in Appendix J.3.4 shows
the vehicle angular displacements, and Figure J.13 through Figure J.15 in Appendix J.3.5
show acceleration versus time traces.
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Table 11.8. Occupant Risk Factors for Test No. 469469-10-3.

Occupant Risk Factor Value Time
Occupant Impact Velocity (OIV) ft/s
Longitudinal 26 gt 0.7785 seconds on front of
interior
Lateral 23
QOccupant Ridedown Accelerations (g’s)
Longitudinal 0.2 (0.9327-0.9427 seconds)
Lateral 0.5 (0.7785-0.7885 seconds)
Theoretical Head Impact Velocity (THIV) T/; iﬁ tg'rzc?rog seconds on front of
Post Head Deceleration (PHD) (g’s) 0.5 (0.7808-0.7908 seconds)
Acceleration Severity Index (ASI) 0.15 (0.0124-0.0624 seconds)
Maximum 50-ms Moving Average (g’s)
Longitudinal -1.6 (0.0018-0.0518 seconds)
Lateral 0.4 (0.0198-0.0698 seconds)
Vertical 0.6 (0.0302-0.0802 seconds)
Maximum Roll, Pitch, and Yaw Angles Degrees
Roll 3 (0.6426 seconds)
Pitch 1 (0.1101 seconds)
Yaw 3 (0.7270 seconds)

11.4.2.8 Assessment of Results

An assessment of the test based on the applicable safety evaluation criteria for MASH
Test 3-61 is provided in Table 11.9.

11.4.3 Conclusions

The lockable mailbox mounted on a 2%-inch OD by 0.095-inch wall galvanized steel
tube post performed acceptably for MASH Test 3-61.
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General Information
Test Agency..............
Test Standard Test No.
TTI Test No. .............
Test Date...................

Test Article

Installation Length.....
Material or Key Elements

Soil Type and Condition

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

Dummy..............
Gross Static...............

Impact Conditions

Texas A&M Transportation Institute (TTI) Speed .....ccoeviveenne.

MASH Test 3-61 Angle ....
469469-10-3 Location/Orientation
2019-06-25

Mailbox support Impact Severity.........
Lockable mailbox on thin-wall tube with Exit Conditions

Type 2 foundation Speed ....cccooviieennn.
n/a Exit Trajectory/Heading
Lockable mailbox attached to 2%-inch OD Occupant Risk Values
steel tube inserted into a steel anchor tube  Longitudinal OIV.......
embedded in concrete footing and Lateral OlV...............
secured by a curved steel wedge Longitudinal Ridedown
AASHTO M147-65(2004) Grade B Lateral Ridedown .....

crushed limestone road base THIV i

PHD....ccooviiiiies
1100C ASl....ooiiiiiiiei,
2011 Kia Rio Max. 0.050-s Average
2455 b Longitudinal..............
2440 b Lateral.........ccccuunnnee.
165 Ib Vertical.........ccccuueee...
2605 Ib

62.6 mi/h

OO

14 inches off center of
vehicle on driver’s side
with center of mailbox

320 kip*ft

60.7 mi/h
0°

2.6 ft/s
2.3 ft/s

Post-Impact Trajectory
Stopping Distance..........
Vehicle Stability
Maximum Yaw Angle.....
Maximum Pitch Angle....
Maximum Roll Angle .....
Vehicle Snagging ..........
Vehicle Pocketing..........
Test Article Deflections
Dynamic.........coceevvueeenne
Permanent ...................
Working Width...............
Working Width Height....
Vehicle Damage
VDS ..o

Max. Occupant Compartment

Deformation ................

No
n/a

n/a
n/a
n/a
n/a

n/a
n/a
None measurable
n/a

None measurable

Figure 11.25. Summary of Results for MASH Test 3-61 on the Lockable Mailbox on Thin-Wall Galvanized Tube with Type 2

Foundation.
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Table 11.9. Performance Evaluation Summary for MASH Test 3-61 on the Lockable Mailbox on Type 2 Foundation.

Test Agency: Texas A&M Transportation Institute

Test No.: 469469-10-3

Test Date: 2019-06.25

MASH Test 3-61 Evaluation Criteria Test Results Assessment
Structural Adequacy
B.  The test article should readily activate in a predictable | The lockable mailbox on a Type 2 foundation Pass
manner by breaking away, fracturing, or yielding. yielded to the 1100C vehicle.
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 occurred.
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 3° and 1°, respectively.
H.  Occupant impact velocities (OIV) should satisfy the Longitudinal OIV was 2.6 ft/s, and lateral OIV
following limits: Preferred value of 10 fi/s, or was 2.3 ft/s. Pass
maximum allowable value of 16 fi/s.
1. The occupant ridedown accelerations should satisfy Maximum longitudinal occupant ridedown
the following limits: Preferred value of 15.0 g, or acceleration was 0.2 g, and maximum lateral Pass
maximum allowable value of 20.49 g. occupant ridedown acceleration was 0.5 g.
Vehicle Trajectory
N.  Vehicle trajectory behind the test article is acceptable. | The 1100C vehicle came to rest 296 ft behind the Pass
installation.







CHAPTER 12: TXDOT ROUND WOOD POST GUARDRAIL
IN CONCRETE MOW STRIP

12.1 BACKGROUND

TxDOT frequently installs guardrail in a concrete mow strip. Pavement mow strips are
used to combat vegetation growth around guardrail posts to avoid the use of herbicides, decrease
maintenance costs, and reduce the safety risk to workers associated with hand mowing around
guardrail. A sacrificial grout layer is used in a leave-out section formed in the mow strip around
the guardrail posts. During an impact, the grout is crushed, and the post is able to rotate in the
leave-out section and dissipate the energy of the impacting vehicle. After an impact, the damaged
posts and grout can be replaced within the leave-out region without demolishing and
reconstructing the surrounding mow strip.

The TxDOT round wood post guardrail system in soil with 36-inch post embedment
performed acceptably in MASH Test 3-11 (/7). Additional constraint on the round wood posts
beyond the standard soil embedment can change the dynamic response of the guardrail system.
MASH Test 3-11 is considered the critical test for evaluation of the round wood post guardrail
system in a concrete mow strip. This test places more demand on the mow-strip-confined posts
and, therefore, is more likely to result in fracture of the round wood posts and pocketing or
rupture of the W-beam guardrail.

MASH Test 3-10 was not considered necessary on the round wood post guardrail in a
concrete mow strip. MASH Test 3-10 was successfully performed on a guardrail in a concrete
mow strip with both W6x8.5 steel posts and 6-inch by 8-inch rectangular wood posts (/2). The
geometries of the steel and rectangular wood posts are considered more critical in terms of the
vehicle snagging and deceleration compared to the round wood post.

12.2 SYSTEM DETAILS

12.2.1 Test Article and Installation Details

The round wood post guardrail in a concrete mow strip test installation consisted of
162 ft 6 inches of 12-gauge W-beam guardrail attached to nominal 7%4-inch-diameter wood posts
embedded 36 inches. A TxDOT downstream anchor terminal was installed on each end of the
test installation for a total length of 181 ft 3 inches. The top of the W-beam rail was mounted
31 inches above grade, the posts were spaced 75 inches center to center, and the guardrail splices
were located mid-span between every other post. The W-beam rail was offset from the posts
using routered wood offset blocks.

A 4-inch-thick by 42-inch-wide by 100-ft-long concrete mow strip was placed in the
central section of the test installation. The posts in this region were placed in 19-inch-square
voids or leave-outs cast into the concrete mow strip. These posts were installed in 18-inch-
diameter drilled holes and backfilled with compacted soil up to the bottom of the mow strip. The
remaining 4-inch-deep voids corresponding to the thickness of the mow strip were filled with a
low-strength grout after the posts were installed.
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Figure 12.1 presents overall information on the round wood post guardrail in a concrete
mow strip, and Figure 12.2 provides photographs of the installation. Appendix K.1 provides
further details of the round wood post guardrail in a concrete mow strip.

12.2.2 Material Specifications

The specified concrete strength for the mow strip was 2000 psi. Concrete strength was
taken on October 9, 2017, and at 17 days of age was 3040 psi.

The low-strength grout mix used in the leave-outs was comprised of 1 part Type 1A
cement, 14 parts sand, and 5 parts water, by volume. Grout compressive strength was taken on
November 27, 2018, and at 20 days of age was 100 psi.

Appendix K.2 provides material certification documents for the materials used to
install/construct the round wood post guardrail in a concrete mow strip.

12.2.3 Soil Conditions

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

In accordance with Appendix B of MASH, soil strength was measured the day of the
crash test. During installation of the guardrail system for full-scale crash testing, two 6-ft-long
W6x16 posts were installed in the immediate vicinity of the guardrail system using the same fill
materials and installation procedures used in the test installation and the standard dynamic test.
Table K.1 in Appendix K.2 presents minimum soil strength properties established through the
dynamic testing performed in accordance with MASH Appendix B.

As determined by the tests summarized in Appendix K.2, Table K.2, the minimum post
loads required for deflections at 5 inches, 10 inches, and 15 inches, measured at a height of
25 inches, are 3940 1b, 5500 1b, and 6540 1b, respectively (90 percent of static load for the initial
standard installation).

On the day of the first test, December 4, 2018, loads on the post at deflections of
5 inches, 10 inches, and 15 inches were 7525 1bf, 7878 1bf, and 7727 1bf, respectively.
Tables K.2 in Appendix K.2 shows that the strength of the backfill material in which the
guardrail system was installed met the minimum MASH requirements.
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Figure 12.1. Overall Details of the Round Wood Post Guardrail in Concrete Mow Strip.
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Figure 12.2. Round Wood Post Guardrail in a Concrete Mow Strip prior to Testing.

123 MASH TEST 3-11 (TEST NO. 469469-11)

12.3.1 Test Designation and Actual Impact Conditions

MASH Test 3-11 involves a 2270P vehicle weighing 5000 Ib £110 1b impacting the CIP
of the round wood post guardrail in a concrete mow strip at an impact speed of 62 mi/h £2.5 mi/h
and an angle of 25° £1.5°. The CIP for MASH Test 3-11 on the round wood post guardrail in a
concrete mow strip was 11.8 ft upstream of post 15.
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The 2012 RAM 1500 used in the test weighed 5020 b, and the actual impact speed and
angle were 63.3 mi/h and 25.3°, respectively. The actual impact point was 12.1 ft upstream of the
center of post 15. Minimum target impact severity was 106 kip-ft, and actual IS was 122.8 kip-ft.

12.3.2 Weather Conditions

The test was performed on the morning of December 4, 2018. Weather conditions at the
time of testing were as follows: wind speed: 4 mi/h; wind direction: 48° with respect to the
vehicle (vehicle was traveling in a southerly direction); temperature: 49°F; relative humidity:
63 percent.

12.3.3 Test Vehicle

The 2012 RAM 1500, shown in Figure 12.3 and Figure 12.4, was used for the crash test.
The vehicle’s test inertia weight was 5020 1b, and its gross static weight was 5020 Ib. The height
to the lower edge of the vehicle bumper was 11.8 inches, and height to the upper edge of the
bumper was 27 inches. The height to the vehicle’s center of gravity was 28 inches. Table K.3 and
Table K.4 in Appendix K.3.1 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.

Figure 12.3. Round Wood Post Guardrail in Concrete Mow Strip/Test Vehicle Geometrics
for Test No. 469469-11.
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Figure 12.4. Test Vehicle before Test No. 469469-11.

12.3.4 Test Description

Table 12.1 lists events that occurred during Test No. 469469-11. Figure K.1 and
Figure K.2 in Appendix K.3.2 present sequential photographs during the test.

Table 12.1. Events during Test No. 469469-11.

Time | Events

0.000 | Vehicle contacts barrier

0.049 | Vehicle begins to redirect

0.071 | Guardrail begins to tear

0.076 | Guardrail is fully torn. Vehicle continues to pass through rail.

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 impact for cars and pickups).
The 2270P vehicle went through the guardrail and came to rest 210 ft downstream of the impact
and 80 ft on the field side of the guardrail.

12.3.5 Damage to Test Installation

Figure 12.5 shows the damage to the round wood post guardrail in a concrete mow strip.
The rail released from posts 14 to 20 and ruptured at post 14. Post 13 was leaning 1.5° toward
the field side, and posts 14, 15, and 16 broke off at grade. The vehicle passed through the barrier
to the field side.
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Figure 12.5. Round Wood Post Guardrail in a Concrete Mow Strip after Test No. 469469-11.

12.3.6 Damage to Test Vehicle

Figure 12.6 and Figure 12.7 show the vehicle after the test. The front bumper, hood, grill,
radiator and support, right and left front fender, right front and rear door, right and left head
lights, right rear fender, and right rear tire and rim were damaged. Maximum exterior crush to
the vehicle was 17.0 inches at the front bumper. There was no measurable occupant compartment
deformation. Table K.5 and Table K.6 in Appendix K.3.1 provide exterior crush and occupant
compartment measurements.
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Figure 12.7. Interior of Test Vehicle for Test No. 469469-11.

12.3.7 Occupant Risk Factors

Data from the accelerometer, located at the vehicle center of gravity, were digitized for
evaluation of occupant risk, and results are shown in Table 12.2. Figure 12.8 summarizes
these data and other pertinent information from the test. Figure K.3 in Appendix K.3.3 shows
the vehicle angular displacements, and Figure K.4 through Figure K.6 in Appendix K.3.4
show acceleration versus time traces.
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Table 12.2. Occupant Risk Factors for Test No. 469469-11.

Occupant Risk Factor Value Time
Occupant Impact Velocity (OIV) ft/s
Longitudinal 14.1 at 0.2232 seconds on right
side of interior
Lateral 4.9
QOccupant Ridedown Accelerations (g’s)
Longitudinal 3.2 (0.2378-0.2478 seconds)
Lateral 2.3 (0.2975-0.3075 seconds)
Theoretical Head Impact Velocity (THIV) 1:1/15 :1t d%%)(ﬁﬁ tiif;)rnds on right
Post Head Deceleration (PHD) (g’s) 35 (0.2115-0.2215 seconds)
Acceleration Severity Index (ASI) 0.42 (0.0531-0.1031 seconds)
Maximum 50-ms Moving Average (g’s)
Longitudinal -3.6 (0.0866—0.1366 seconds)
Lateral -3.3 (0.0376-0.0876 seconds)
Vertical -1.5 (0.0685-0.1185 seconds)
Maximum Roll, Pitch, and Yaw Angles Degrees
Roll 5 (0.2335 seconds)
Pitch 2 (0.6598 seconds)
Yaw 5 (0.2139 seconds)

12.3.8 Assessment of Results

An assessment of the test based on the applicable safety evaluation criteria for MASH
Test 3-11 is provided in Table 12.3.

12.4 CONCLUSIONS

The round wood post guardrail in a concrete mow strip did not meet MASH criteria. The
2270P vehicle penetrated through the guardrail and was not contained or redirected by the round
wood post guardrail in a concrete mow strip.
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y
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E.l.n.l.l.l.:/#.l.l.u.l.l.l.l..—n—n—n—n—_‘ .
Post 15— SR Impac}l Angle # RNRSE
L |
- H
General Information Impact Conditions Post-Impact Trajectory
Test Agency.............. Texas A&M Transportation Institute (TTI) Speed ....cccooviieennn. 63.3 mi/h Stopping Distance.......... 210 ft downstrm
Test Standard Test No. MASH Test 3-11 Angle ... 25.3° 80 ft twd field
TTI Test No. ............. 469469-11 Location/Orientation 12.1 ft upstream of Vehicle Stability
TestDate.................. 2018-12-04 center of post 15 Maximum Yaw Angle..... 5°
Test Article Impact Severity......... 122.8 kip*ft Maximum Pitch Angle.... 2°
Type. oo Guardrail Exit Conditions Maximum Roll Angle ..... 5°
Name........cccoovinnenenn. W-beam guardrail with round wood posts Speed ....cccoeviiiiene. n/a Vehicle Snagging .......... No
in mow strip Exit Trajectory/Heading  n/a Vehicle Pocketing.......... Yes
Installation Length..... 181 ft 3 inches w/ 100-ft concrete mow Occupant Risk Values Test Article Deflections
strip incl. Longitudinal OIV....... 14.1 ft/s Dynamic.........ccccceeueeenne Guardrail ruptured
Material or Key Elements 7Va-inch-diameter round wood posts, Lateral OlV............... 4.9 ft/s Permanent and vehicle
W-beam guardrail, concrete mow strip, Longitudinal Ridedown 32¢g Working Width............... penetrated to field
grout-filled leave-outs Lateral Ridedown ..... 23g Working Width Height.... side
Soil Type and Condition 4-inch-thick concrete mow strip with grout- 4.1 m/s Vehicle Damage
filled leave-outs 35¢g VDS .. 01FD4
Test Vehicle 0.42 CDC.oviiieceee e 01FLEL2
Type/Designation...... 2270P Max. 0.050-s Average Max. Exterior Deformation 17.0 inches
Make and Model ....... 2012 RAM 1500 Longitudinal.............. -36¢9 OCDI...oeiiiiiieieee RF0000000
Curb..cooiiiiiice 5020 Ib Lateral............ =339 Max. Occupant Compartment
Test Inertial . 5020 Ib Vertical -15¢ Deformation ................ No measurable
Dummy .....ocooevvvinnnne No dummy deformation
Gross Static .............. 5020 Ib

Figure 12.8. Summary of Results for MASH Test 3-11 on the Round Wood Post Guardrail in Concrete Mow Strip.
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Mow Strip.

Test Agency: Texas A&M Transportation Institute

Test No.: 469469-11

Table 12.3. Performance Evaluation Summary for MASH Test 3-11 on the Round Wood Post Guardrail in Concrete

Test Date: 2018-12-04

MASH Test 3-11 Evaluation Criteria Test Results Assessment
Structural Adequacy
A.  Test article should contain and redirect the vehicle or The round wood post guardrail in a concrete
bring the vehicle to a controlled stop, the vehicle should | mow strip failed to contain or redirect the 2270P
not penetrate, underride, or override the installation vehicle. Fail
although controlled lateral deflection of the test article is
acceptable
Occupant Risk
D. Detached elements, fragments, or other debris from the No detached elements, fragments, or other debris
test article should not penetrate or show potential for from the test article were present to penetrate or
penetrating the occupant compartment, or present an show potential for penetrating the occupant
undue hazard to other traffic, pedestrians, or personnel | compartment or to present hazard to others in the Pass
in a work zone. area.
Deformations of, or intrusions into, the occupant There was no measurable deformation of the
compartment should not exceed limits set forth in occupant compartment.
Section 5.3 and Appendix E of MASH.
F. The vehicle should remain upright during and after The 2270P vehicle remained upright during and
collision. The maximum roll and pitch angles are not to after the collision event. Maximum roll was 5°, and Pass
exceed 75 degrees. maximum pitch was 2°.
H. Longitudinal and lateral occupant impact velocities Longitudinal OIV was 14.1 ft/s, and lateral OIV
should fall below the preferred value of 30 ft/s, or at least | was 4.9 ft/s. Pass
below the maximum allowable value of 40 ft/s.
1. Longitudinal and lateral occupant ridedown Maximum longitudinal 10-ms occupant ridedown
accelerations should fall below the preferred value of acceleration was 3.2 g, and maximum lateral 10-ms Pass
15.0 g, or at least below the maximum allowable value of | occupant ridedown acceleration was 2.3 g.
2049 g.
Vehicle Trajectory
For redirective devices, it is preferable that the vehicle be The 2270P vehicle was not contained.
smoothly redirected and leave the barrier within the “exit Documentation
box” criteria (not less than 32.8 ft for the 1100C and 2270P only
vehicles), and should be documented.







CHAPTER 13: TXDOT TYPE III BARRICADE

13.1 BACKGROUND

Acceptable design configurations for Type III barricades are provided on barricade and
construction sheet BC(5)-14 and Section D “Type III Barricades” of the Compliant Work Zone
Traffic Control Device List. Numerous material options and combinations are permitted.
Evaluation under this project focused on systems with a support structure fabricated using PSST.

Type III barricades with PSST frames can be used with three different rail types: wood,
hollow-profile plastic lumber (HPPL), and plastic I-beam rails. The wood and HPPL rails are
directly bolted to the barricade uprights, while the plastic I-beam rails clip into brackets attached
to the uprights. Because the I-beam rails are releasable, their evaluation requires separate testing.
Of the two direct-bolted rail types, wood was considered more critical than HPPL. This is
because the wood rails are heavier and can fracture into multiple pieces that can subsequently
impact the windshield of the vehicle. Thus, if the Type III barricade with wood rails meets
MASH requirements, a similar design with HPPL rails would also be considered MASH
compliant.

The PSST frame consists of uprights and skids. The uprights insert into PSST sleeves that
can be connected to the skids by welding or bolted steel hardware. Welded connections were
considered the more critical of the two connection types because the small welds have an
opportunity to fracture and release the barricade uprights, which could then potentially interact
with the vehicle windshield. Therefore, if the Type III barricade with welded connections meets
MASH requirements, a similar design with bolted hardware connections would also be
considered MASH compliant.

A lower cross member between the two uprights is an optional feature for the Type III
barricades that can be used when needed to provide additional structural support to the barricade
frame. This cross member is typically only needed when the plastic I-beam rails are used because
these clip-on rails do not provide the same structural rigidity of the direct-bolted rails.
Additionally, the barricade system with direct-bolted rails would be considered more critical
without the lower cross member because the cross member provides additional strength and
rigidity that would make separation of the barricade components less likely during an impact.
Consequently, the Type III barricade system evaluated under MASH did not include a lower
cross member. However, if this system satisfies MASH criteria, a similar design with a bolted
cross member would also be considered MASH compliant.

Finally, TxDOT standards permit Type III barricades to vary in length from 4 ft to 8 ft. A
4-ft length was considered most critical. This length permits both uprights to be impacted
simultaneously, thus increasing the probability of the uprights releasing from their skids. In a
longer configuration, if only one upright is impacted, the barricade may simply rotate out of the
path of the vehicle. Therefore, if a 4-ft-long Type III barricade system satisfies MASH criteria,
longer variations would also be considered MASH compliant.

The MASH test matrix for work zone traffic control devices consists of three tests: 3-70,
3-71, and 3-72. Test 3-70 is considered optional for free-standing devices weighing less than
220 1b because “velocity changes during low-speed impacts will be within acceptable limits...”
Tests 3-71 and 3-72 evaluate the behavior of the device during high-speed impacts with the
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1100C passenger car and 2270P pickup, respectively. MASH Section 2.2.4.2 states that
“lightweight free-standing features cannot cause sufficient velocity change to result in failure of
the test under occupant risk criteria. Therefore, Tests 71 and 72 can be conducted without the
instrumentation necessary for determining occupant risk whenever the test article has a total
weight of 220 1b (100 kg) or less.” Consequently, the vehicles used for the tests on the Type 11
barricade reported herein were uninstrumented.

MASH Section 3.4.2.3 recognizes that a work-zone traffic control device such as a
barricade may be placed in “out-of-service” orientations. A common practice with barricades is
to turn the barricade rails parallel to and out of view of traffic until they are put back in use or
picked up from the job site. MASH states that “If there is a reasonable expectation that a device
will be commonly found adjacent to traffic in an ‘out-of-service’ orientation and this orientation
poses a greater risk to the motorist than in the normal position, it should be tested in the alternate
position. If it cannot be determined which position is more critical, tests in both the normal and
‘out-of-service’ orientations should be conducted.” Both normal (perpendicular) and parallel
orientations were evaluated for the Type III barricade.

13.2 SYSTEM DETAILS

13.2.1 Test Article and Installation Details

The Type III barricade consisted of three 1-inch by 8-inch (nominal) pine boards
mounted to two vertical sections of 1'2-inch PSST. The top edges of the boards were positioned
20, 40, and 60 inches above grade. The PSST uprights were laterally spaced 36 inches apart. The
uprights were inserted into 4-inch-long vertical sleeves fabricated from 1%-inch PSST. The
sleeves were welded to 60-inch-long horizontal skids that were also fabricated from 1%4-inch
PSST. The wood rails were attached to the uprights, and the uprights were secured inside the
sleeves using ¥s-inch-diameter bolts and associated hardware. The total weight of the Type III
barricade assembly was 57 Ib. A 40-pound sand bag was placed on each end of both horizontal
skids, and the assembly rested on concrete pavement with no anchoring.

Figure 13.1 presents overall information on the Type III barricade, and Figure 13.2
provides photographs of the installation. Appendix L.1 provides further details of the Type III
barricade.
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Figure 13.1. Overall Details of the Type I1I Barricade.
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Fiure 13.Tye I1I Barricade prior to Test
13.3 MASH TEST 3-71 AT 90° (TEST NO. 469469-12-01)

13.3.1 Test Designation and Actual Impact Conditions

MASH Test 3-71 involves a 1100C vehicle weighing 2420 1b £55 1b impacting the
Type III barricade at an impact speed of 62 mi/h £2.5 mi/h and an angle of 90° £1.5°. The
selected impact point was the centerline of the Type III barricade aligned 14 inches off of the
centerline of the vehicle toward the driver’s side.

The 2009 Kia Rio used in the test weighed 2416 Ib, and the actual impact speed and angle
were 62.2 mi/h and 90°, respectively. Minimum target impact severity was 288 kip-ft, and actual
IS was 312 kip-ft.

13.3.2 Weather Conditions

The test was performed on the morning of August 27, 2019. Weather conditions at the
time of testing were as follows: wind speed: 4 mi/h; wind direction: 191° with respect to the
vehicle (vehicle was traveling at a magnetic heading of 0°); temperature: 86°F; relative humidity:
82 percent.
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13.3.3 Test Vehicle

The 2009 Kia Rio,'> shown in Figure 13.3 and Figure 13.4, was used for the crash test.
The vehicle’s test inertia weight was 2416 1b, and its gross static weight was 2581 1b. The height
to the lower edge of the vehicle bumper was 7.75 inches, and the height to the upper edge of the
bumper was 21.5 inches. Table L.1 in Appendix L.2.1 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.

S
69469712 |

46946912
iAol

Figure 13.4. Test Vehicle before Test No. 469469-12-01.

15 The 2009 model vehicle used is older than the 6-year age noted in MASH and was selected based upon
availability. An older model vehicle is permitted by AASHTO as long as it is otherwise MASH compliant. Other
than the vehicle’s year model, this 2009 model vehicle met the MASH requirements.
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13.3.4 Test Description

Table 13.1 lists events that occurred during Test No. 469469-12-01. Figure L.1 in
Appendix L.2.2 presents sequential photographs during the test.

Table 13.1. Events during Test No. 469469-12-01.
Time | Events
0.000 | Vehicle contacts barricade
0.004 | Barricade uprights begin to bend
0.012 | Downstream barricade skid lifts off pavement
0.051 | Downstream upright fractures at location of bottom rail
0.078 | Downstream skid makes contact with pavement

The 1100C vehicle came to rest 397 ft downstream and 6 ft left of the original impact
point.

13.3.5 Damage to Test Installation

Figure 13.5 shows the damage to the Type III barricade. Components of the barricade
fractured into multiple pieces that were scattered 165 ft downstream, 13 ft to the right and 43 ft
to the left of the original position. The largest section of debris consisting of two wood rails and
the fractured uprights came to rest 142 ft downstream and 43 ft to the left of the original impact
location.
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Figure 13.5. Type 111 Barricade after Test No. 469469-12-01.

13.3.6 Damage to Test Vehicle

Figure 13.6 and Figure 13.7 show the damage sustained by the vehicle. There was a
4-inch by 8-inch by 1.75-inch-deep dent in the front bumper and hood edge, and a 24-inch by
24-inch by 2.5-inch-deep dent in the top left side of the hood. There was no measurable occupant
compartment deformation. Table L.2 and Table L.3 in Appendix L.2.1 provide exterior crush and
occupant compartment measurements.
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Figure 13.6. Test Vehicle after Test No. 469469-12-01.

Figure 13.7. Interior of Test Vehicle after Test No. 469469-12-01.

13.3.7 Occupant Risk Factors

According to MASH, when the weight of the traffic control device is less than 220 Ib,
the test may be performed without vehicle instrumentation. The Type III barricade system
weighed 57 1b. Therefore, the vehicle was not instrumented, and occupant risk factors were
not obtained for this test.

13.3.8 Assessment of Results

The summary of test results can be found in Figure 13.8 and an assessment of the test
based on the applicable safety evaluation criteria for MASH Test 3-71 at 90° is provided in
Table 13.2.
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General Information
Test Agency..............
Test Standard Test No.
TTI Test No...............
Test Date...................

Test Article

Installation Length.....
Material or Key Elements

Soil Type and Condition

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

Test Inertial
Dummy..........
Gross Static ..............

Texas A&M Transportation Institute (TTI)
MASH Test 3-71

469469-12-01

2019-08-27

Work zone traffic control device

TxDOT Type Il barricade

n/a

Wood boards and perforated square steel
tube frame

Placed on dry concrete

1100C

2009 Kia Rio

2527 Ib

2416 Ib

165 Ib dummy on passenger side
2581 Ib

Impact Conditions
Speed ......cccovveeeeennn.
Angle .....ccociiinnn.
Location/Orientation

Impact Severity.........

Exit Conditions
Speed .....cccovvveiennn.
Exit Trajectory/Heading

Occupant Risk Values
Longitudinal OIV.......
Lateral OlV...............
Longitudinal Ridedown
Lateral Ridedown .....

Max. 0.050-s Average
Longitudinal..............
Lateral............
Vertical

62.2 mi/h

90°

Center of barricade

14 inches off center of
the vehicle toward the
driver’s side.

312 kip*ft

58.5 mi/h

n/a

n/a

n/a
n/a
n/a
n/a
n/a
n/a

n/a
n/a
n/a

Post-Impact Trajectory
Stopping Distance..........

Vehicle Stability
Maximum Yaw Angle.....
Maximum Pitch Angle....
Maximum Roll Angle .....
Vehicle Snagging ..........
Vehicle Pocketing..........

Test Article Deflections
Dynamic.......ccccceevvninnas
Permanent .......
Working Width
Working Width Height....

Vehicle Damage
VDS e

Max. Occupant Compartment

Deformation ................

Figure 13.8. Summary of Results for MASH Test 3-71 on the Type III Barricade.

397 ft downstrm;
6 ft left

n/a
n/a
n/a
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n/a
n/a
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LF000000

0 inches
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Table 13.2. Performance Evaluation Summary for MASH Test 3-71 on the Type I1I Barricade.

Test Agency: Texas A&M Transportation Institute

Test No.: 469469-12-01

Test Date: 2019-08-27

MASH Test 3-60 Evaluation Criteria Test Results Assessment
Structural Adequacy
B.  The test article should readily activate in a predictable The Type Il barricade support yielded to the 1100C Pass
manner by breaking away, fracturing, or yielding. vehicle as designed.
Occupant Risk
D.  Detached elements, fragments, or other debris from the test | After impact, the barricade fragments did not
article should not penetrate or show potential for penetrate or show any potential for penetration into
penetrating the occupant compartment, or present an undue | the occupant compartment. Pass
hazard to other traffic, pedestrians, or personnel in a work
zone.
Deformations of, or intrusions into, the occupant There was no occupant compartment deformation
compartment should not exceed limits set forth in Pass
Section 5.2.2 and Appendix E of MASH.
E.  Detached elements, fragments, or other debris from the test | The detached elements did not obstruct the driver’s
article, of vehicular damage should not block the driver’s vision or cause loss of control of the vehicle. Pass
vision or otherwise cause the driver to lose control of the
vehicle.
F. The vehicle should remain upright during and after The vehicle remained upright and stable during and
collision. The maximum roll and pitch angles are not to after the impact Pass
exceed 75 degrees.
H.  Occupant impact velocities (OIV) should satisfy the According to MASH, when the weight of the traffic
Jfollowing limits: Preferred value of 10 fi/s, or maximum control device is less than 220 b, the test may be n/a
allowable value of 16 fi/s. performed without vehicle instrumentation.
L The occupant ridedown accelerations should satisfy the The Type Il barricade system weighed 57 1b.
following limits: Preferred value of 15.0 g, or maximum Therefore, the vehicle was not instrumented, and n/a
allowable value of 20.49 g. occupant risk factors were not obtained for this test.
Post-Impact Vehicular Response
N.  Vehicle trajectory behind the test article is acceptable. The 1100C vehicle came to rest 397 ft behind and 6 ft
y .. . . Pass
left of the original position of the installation.




13.4 MASH TEST 3-72 AT 90° (TEST NO. 469469-12-02)

13.4.1 Test Designation and Actual Impact Conditions

MASH Test 3-72 involves a 2270P vehicle weighing 5000 Ib £110 Ib impacting the
Type III barricade at an impact speed of 62 mi/h +2.5 mi/h and an angle of 90° +1.5°. The
selected impact point was the centerline of the Type III barricade post aligned 12 inches off the
centerline of the vehicle toward the driver’s side.

The 2013 RAM 1500 used in the test weighed 5044 1b, and the actual impact speed and
angle were 63.5 mi/h and 90°, respectively. Minimum target impact severity was 594 kip-ft, and
actual IS was 680 kip-ft.

13.4.2 Weather Conditions

The test was performed in the afternoon of August 27, 2019. Weather conditions at the
time of testing were as follows: wind speed: 3 mi/h; wind direction: 327° with respect to the
vehicle (vehicle was traveling at a magnetic heading of 0°); temperature: 93°F; relative humidity:
59 percent.

13.4.3 Test Vehicle

The 2013 RAM 1500, shown in Figure 13.9 and Figure 13.10, was used for the crash test.
The vehicle’s test inertia weight was 5044 Ib, and its gross static weight was 5044 lb. The height
to the lower edge of the vehicle bumper was 11.8 inches, and height to the upper edge of the
bumper was 27 inches. The height to the vehicle’s center of gravity was 28.4 inches. Table L.4
and Table L.5 in Appendix L.3.1 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.

Figure 13.9. Type III Barricade/Test Vehicle Geometrics for Test No. 469469-12-02.
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Figure 13.10. Test Vehicle before Test No. 469469-12-02.

13.4.4 Test Description

Table 13.3 lists events that occurred during Test No. 469469-12-02. Figure L.2 in
Appendix L.3.2 present sequential photographs during the test.

Table 13.3. Events during Test No. 469469-12-02.

Time | Events

0.000 | Vehicle contacts barricade

0.009 | Barricade uprights begin to bend from impact

0.016 | Corner of top wood rail begins to impact the hood of the vehicle
0.018 | Downstream barricade skid begins to lift off the pavement

The 2270P vehicle came to rest 330 ft downstream and 12 ft to the left of the original
impact point.

13.4.5 Damage to Test Installation

Figure 13.11 shows the damage to the Type III barricade. The barricade separated into
two pieces. One of the uprights fractured approximately 15 inches above grade. The lower
portion of this upright and the attached skid came to rest 218 ft downstream and 40 ft to the left
of the impact point. The remaining portion of the fracture upright, the other upright and skid, and
the three rails remained together and came to rest 105 ft downstream of the impact point.
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Figure 13.11. Type III Barricade after Test No. 469469-12-02.

13.4.6 Damage to Test Vehicle

Figure 13.12 and Figure 13.13 show the damage sustained by the vehicle. There was an
8-inch by 8-inch dent in the hood, including a 1-inch hole located 1 ft to the left of the centerline
of the hood at the front. The front bumper and grill also sustained damage. There was no
measurable occupant compartment deformation. Table L.6 and Table L.7 in Appendix L.3.1
provide exterior crush and occupant compartment measurements.
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Figure 13.13. Interior of Test Vehicle after Test No. 469469-12-02.

13.4.7 Occupant Risk Factors

According to MASH, when the weight of the traffic control device is less than 220 Ib,
the test may be performed without vehicle instrumentation. The Type III barricade system
weighed 57 1b. Therefore, the vehicle was not instrumented, and occupant risk factors were
not obtained for this test.

13.4.8 Assessment of Results

The summary of test results can be found in Figure 13.14 and an assessment of the test
based on the applicable safety evaluation criteria for MASH Test 3-72 at 90° is provided in
Table 13.4.
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General Information Impact Conditions Post-Impact Trajectory
Test Agency.............. Texas A&M Transportation Institute (TTI) Speed .....ccovieieenne. 63.5 mi/h Stopping Distance.......... 330 ft downstrm;
Test Standard Test No. MASH Test 3-72 Angle ... 90° 12 ft left
TTI Test No............... 469469-12-02 Location/Orientation Center of barricade Vehicle Stability
TestDate.................. 2019-08-27 14 inches off center of Maximum Yaw Angle..... n/a
Test Article the vehicle toward the Maximum Pitch Angle.... n/a
Work zone traffic control device driver’s side Maximum Roll Angle ..... n/a
TxDOT Type Il barricade Impact Severity......... 680 kip*ft Vehicle Snagging .......... n/a
Installation Length..... n/a Exit Conditions Vehicle Pocketing.......... n/a
Material or Key Elements Wood boards and perforated square steel  Speed ............ccc..... 60.3 mi/h Test Article Deflections
tube frame Exit Trajectory/Heading  n/a Dynamic.........ccccceeueeenne n/a
Soil Type and Condition Placed on dry concrete Occupant Risk Values Permanent ....... n/a
Test Vehicle Longitudinal OIV....... n/a Working Width n/a
Type/Designation...... 2270P Lateral OlV............... n/a Working Width Height.... n/a
Make and Model ....... 2013 RAM 1500 Longitudinal Ridedown n/a Vehicle Damage
Curb...ccoveiiieiiiee 5022 Ib Lateral Ridedown ..... n/a VDS .o 12FL1
Test Inertial . 5044 Ib THIV n/a CDC.otievieececeeee 12FLEN1
Dummy.......... No dummy ASl..ooiiiiiiiii n/a Max. Exterior Deformation 0 inches
Gross Static 5044 Ib Max. 0.050-s Average OCDI...oeiiiiiieieee LFO000000
Longitudinal.............. n/a Max. Occupant Compartment
Lateral............ n/a Deformation ................ 0 inches
Vertical n/a

Figure 13.14. Summary of Results for MASH Test 3-72 on the Type III Barricade.
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Table 13.4. Performance Evaluation Summary for MASH Test 3-72 on the Type I1I Barricade.

Test Agency: Texas A&M Transportation Institute

Test No.: 469469-12-02

Test Date: 2019-08-27

MASH Test 3-60 Evaluation Criteria Test Results Assessment
Structural Adequacy
B.  The test article should readily activate in a predictable The Type III barricade support yielded to the 2270P Pass
manner by breaking away, fracturing, or yielding. vehicle as designed.
Occupant Risk
D.  Detached elements, fragments, or other debris from the test | After impact, the barricade fragments did not
article should not penetrate or show potential for penetrate or show any potential for penetration into Pass
penetrating the occupant compartment, or present an undue | the occupant compartment.
hazard to other traffic, pedestrians, or personnel in a work
zone.
Deformations of, or intrusions into, the occupant There was no occupant compartment deformation
compartment should not exceed limits set forth in Pass
Section 5.2.2 and Appendix E of MASH.
E.  Detached elements, fragments, or other debris from the test | The detached elements did not obstruct the driver’s
article, of vehicular damage should not block the driver’s vision or cause loss of control of the vehicle. Pass
vision or otherwise cause the driver to lose control of the
vehicle.
F. The vehicle should remain upright during and after The vehicle remained upright and stable during and
collision. The maximum roll and pitch angles are not to after the impact Pass
exceed 75 degrees.
H.  Occupant impact velocities (OIV) should satisfy the According to MASH, when the weight of the traffic
Jfollowing limits: Preferred value of 10 fi/s, or maximum control device is less than 220 b, the test may be n/a
allowable value of 16 fi/s. performed without vehicle instrumentation.
L The occupant ridedown accelerations should satisfy the The Type Il barricade system weighed 57 1b.
following limits: Preferred value of 15.0 g, or maximum Therefore, the vehicle was not instrumented, and n/a
allowable value of 20.49 g. occupant risk factors were not obtained for this test.
Post-Impact Vehicular Response
N.  Vehicle trajectory behind the test article is acceptable. The 2270P vehicle came to rest 330 ft behind and Pass
12 ft left of the original position of the installation.




13.5 MASH TEST 3-72 AT 0° (TEST NO. 469469-12-03)

13.5.1 Test Designation and Actual Impact Conditions

MASH Test 3-72 involves a 2270P vehicle weighing 5000 Ib =110 1b impacting the
Type III barricade at an impact speed of 62 mi/h +2.5 mi/h and an angle of 0° £1.5°. The selected
point of impact was the centerline of the Type III barricade aligned with the centerline of the
vehicle.

The 2013 RAM 1500 used in the test weighed 5044 1b, and the actual impact speed and
angle were 61.3 mi/h and 0°, respectively. Minimum target impact severity was 594 kip-ft, and
actual IS was 634 kip-ft.

13.5.2 Weather Conditions

The test was performed at noon on August 29, 2019. Weather conditions at the time of
testing were as follows: wind speed: 3 mi/h; wind direction: 102° with respect to the vehicle
(vehicle was traveling at a magnetic heading of 0°); temperature: 90°F; relative humidity:

67 percent.

13.5.3 Test Vehicle

The 2013 RAM 1500, shown in Figure 13.15 and Figure 13.16, was used for the crash
test. The vehicle’s test inertia weight was 5044 1b, and its gross static weight was 5044 Ib. The
height to the lower edge of the vehicle bumper was 11.8 inches, and the height to the upper edge
of the bumper was 27 inches. The height to the vehicle’s center of gravity was 28.4 inches.
Table L.8 and Table L.9 in Appendix L.4.1 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 13.15. Type III Barricade/Test Vehicle Geometrics for Test No. 469469-12-03.
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Figure 13.16. Test Vehicle before Test No. 469469-12-03.

13.5.4 Test Description

Table 13.5 lists events that occurred during Test No. 469469-12-03. Figure L.3 in
Appendix L.4.2 presents sequential photographs during the test.

Table 13.5. Events during Test No. 469469-12-03.

Time | Events

0.000 | Vehicle contacts barricade

0.003 | Barricade uprights begin to bend

0.008 | Barricade begins to slide

0.012 | Top rail of barricade contacts hood of vehicle

0.052 Ba}?i?ade has slid through sand bags and continues to be pushed forward by
vehicle

The 2270P came to rest 430 ft downstream and 14 ft to the left of the original impact
point.

13.5.5 Damage to Test Installation

Figure 13.17 shows the damage to the Type III barricade. The barricade remained mostly
intact and came to rest 462 ft downstream and 14 ft to the left of the impact location. The welds
were cracked at the base, and the supports were bent at 18 inches up from the base.
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Figure 13.17. Type 111 Barricade after Test No. 469469-12-03.

13.5.6 Damage to Test Vehicle

Figure 13.18 and Figure 13.19 show the damage sustained by the vehicle. There were
scuffs marks on the bumper and grill. There was neither measurable exterior crush on the vehicle
nor occupant compartment deformation. Table L.10 and Table L.11 in Appendix L.4.1 provide
exterior crush and occupant compartment measurements.

Figure 13.18. Test Vehicle after Test No. 469469-12-03.
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Figure 13.19. Interior of Test Vehicle after Test No. 469469-12-03.

13.5.7 Occupant Risk Factors

According to MASH, when the weight of the traffic control device is less than 220 b,
the test may be performed without vehicle instrumentation. The Type III barricade system
weighed 57 Ib. Therefore, the vehicle was not instrumented, and occupant risk factors were
not obtained for this test.

13.5.8 Assessment of Results

The summary of test results can be found in Figure 13.20 and an assessment of the test
based on the applicable safety evaluation criteria for MASH Test 3-72 at 0° is provided in
Table 13.6.
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General Information
Test Agency..............
Test Standard Test No.
TTI Test No...............
Test Date...................

Test Article

Installation Length.....
Material or Key Elements

Soil Type and Condition

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

Test Inertial
Dummy..........
Gross Static ..............

Texas A&M Transportation Institute (TTI)
MASH Test 3-72

469469-12-03

2019-08-29

Work zone traffic control device

TxDOT Type Il barricade

n/a

Wood boards and perforated square steel
tube frame

Placed on dry concrete

2270P

2013 RAM 1500
50224 Ib

5044 Ib

No dummy
5044 Ib

Impact Conditions
Speed ......cccovveeeeennn.
Angle .....ccociiinnn.
Location/Orientation

Impact Severity.........

Exit Conditions
Speed .....cccovvveiennn.
Exit Trajectory/Heading

Occupant Risk Values
Longitudinal OIV.......
Lateral OlV...............
Longitudinal Ridedown
Lateral Ridedown .....

Max. 0.050-s Average
Longitudinal..............
Lateral............
Vertical.........ccoeeenee

61.3 mi/h

90°

Center of barricade

14 inches off center of
the vehicle toward the
driver’s side

634 kip*ft

n/a
n/a

n/a
n/a
n/a
n/a
n/a
n/a

n/a
n/a
n/a

Post-Impact Trajectory
Stopping Distance..........

Vehicle Stability
Maximum Yaw Angle.....
Maximum Pitch Angle....
Maximum Roll Angle .....
Vehicle Snagging ..........
Vehicle Pocketing..........

Test Article Deflections
Dynamic.......ccccceevvninnas
Permanent .......
Working Width
Working Width Height....

Vehicle Damage
VDS e

Max. Occupant Compartment
Deformation ................

Figure 13.20. Summary of Results for MASH Test 3-72 on the Type III Barricade.
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14 ft left
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Table 13.6. Performance Evaluation Summary for MASH Test 3-72 on the Type III Barricade.

Test Agency: Texas A&M Transportation Institute

Test No.: 469469-12-03

Test Date: 2019-08-29

MASH Test 3-60 Evaluation Criteria Test Results Assessment
Structural Adequacy
B.  The test article should readily activate in a predictable The Type III barricade yielded to the 2270P vehicle Pass
manner by breaking away, fracturing, or yielding. as designed.
Occupant Risk
D.  Detached elements, fragments, or other debris from the test | After impact, the barricade fragments did not
article should not penetrate or show potential for penetrate or show any potential for penetration into Pass
penetrating the occupant compartment, or present an undue | the occupant compartment.
hazard to other traffic, pedestrians, or personnel in a work
zone.
Deformations of, or intrusions into, the occupant There was no occupant compartment deformation.
compartment should not exceed limits set forth in Pass
Section 5.2.2 and Appendix E of MASH.
E.  Detached elements, fragments, or other debris from the test | The detached elements did not obstruct the driver’s
article, of vehicular damage should not block the driver’s vision or cause loss of control of the vehicle. Pass
vision or otherwise cause the driver to lose control of the
vehicle.
F. The vehicle should remain upright during and after The vehicle remained upright and stable during and
collision. The maximum roll and pitch angles are not to after the impact Pass
exceed 75 degrees.
H.  Occupant impact velocities (OIV) should satisfy the According to MASH, when the weight of the traffic
Jfollowing limits: Preferred value of 10 fi/s, or maximum control device is less than 220 b, the test may be n/a
allowable value of 16 fi/s. performed without vehicle instrumentation.
L The occupant ridedown accelerations should satisfy the The Type Il barricade system weighed 57 1b.
following limits: Preferred value of 15.0 g, or maximum Therefore, the vehicle was not instrumented, and n/a
allowable value of 20.49 g. occupant risk factors were not obtained for this test.
Post-Impact Vehicular Response
N.  Vehicle trajectory behind the test article is acceptable. The 2270P vehicle came to rest 430 ft behind and Pass
14 ft left of the original position of the installation.




13.6 MASH TEST 3-71 AT 0° (TEST NO. 469469-12-04)

13.6.1 Test Designation and Actual Impact Conditions

MASH Test 3-71 involves a 1100C vehicle weighing 2420 1b 55 1b impacting the
Type III barricade at an impact speed of 62 mi/h +2.5 mi/h and an angle of 0° £1.5°. The selected
impact point was the centerline of the Type III barricade aligned with the centerline of the
vehicle.

The 2007 Kia Rio used in the test weighed 2450 Ib, and the actual impact speed and angle
were 64.5 mi/h and 0°, respectively. Minimum target impact severity was 288 kip-ft, and actual
IS was 341 kip-ft.

13.6.2 Weather Conditions

The test was performed late morning on August 27, 2019. Weather conditions at the time
of testing were as follows: wind speed: 3 mi/h; wind direction: 182° with respect to the vehicle
(vehicle was traveling at a magnetic heading of 0°); temperature: 90°F; relative humidity:

69 percent.

13.6.3 Test Vehicle

The 2007 Kia Rio,' shown in Figure 13.21 and Figure 13.22, was used for the crash test.
The vehicle’s test inertia weight was 2450 1b, and its gross static weight was 2615 Ib. The height
to the lower edge of the vehicle bumper was 7.75 inches, and the height to the upper edge of the
bumper was 21.5 inches. Table L.12 in Appendix L.5.1 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.

16 The 2007 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 2007 model vehicle met the MASH requirements.
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Figure 13.22. Test Vehicle before Test No. 469469-12-04.

13.6.4 Test Description

Table 13.7 lists events that occurred during Test No. 469469-12-04. Figure L.4 in

Appendix L.5.2 presents sequential photographs during the test.

Table 13.7. Events during Test No. 469469-12-04.

Time | Events

0.000 | Vehicle lower bumper contacts sand bags on barricade
0.018 | Vehicle bumper contacts lower rail on barricade

0.028 | Bottom rail begins to split along its length

0.029 | Barricade begins to move downstream

0.036 | Middle board impacts hood of vehicle

0.061 | Top board impacts hood of vehicle

The 1100C vehicle came to rest 367 ft downstream and in line of the original impact

point.
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13.6.5 Damage to Test Installation

Figure 13.23 shows the damage to the Type III barricade. The assembly separated into
multiple pieces and came to rest in an area 105 to 262 ft downstream of the impact location and
24 ft right to 15 ft left of the impact path.

Figure 13.23. Type III Barricade after Test No. 469469-12-04.

13.6.6 Damage to Test Vehicle

Figure 13.24 and Figure 13.25 show the damage sustained by the vehicle. There was a
42-inch by 8-inch by 1.25-inch-deep dent along the front of the hood, and additional damage was
sustained by the right head light. There was no measurable occupant compartment deformation.
Table L.13 and Table L.14 in Appendix L.5.1 provide exterior crush and occupant compartment
measurements.
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Figure 13.25. Interior of Test Vehicle after Test No. 469469-12-04.

13.6.7 Occupant Risk Factors

According to MASH, when the weight of the traffic control device is less than 220 b,
the test may be performed without vehicle instrumentation. The Type III barricade system
weighed 57 1b. Therefore, the vehicle was not instrumented, and occupant risk factors were
not obtained for this test.

13.6.8 Assessment of Results

The summary of test results can be found in Figure 13.26 and an assessment of the test
based on the applicable safety evaluation criteria for MASH Test 3-71 at 0° is provided in
Table 13.8.
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Impact Fath
General Information Impact Conditions Post-Impact Trajectory
Test Agency.............. Texas A&M Transportation Institute (TTI) Speed ....cccoeiiiieee. 64.5 mi/h Stopping Distance.......... 367 ft downstrm
Test Standard Test No. MASH Test 3-71 Angle ... 0° Vehicle Stability
TTI Test No............... 469469-12-04 Location/Orientation Center of barricade Maximum Yaw Angle..... n/a
TestDate.................. 2019-08-27 14 inches off center of Maximum Pitch Angle.... n/a
Test Article the vehicle toward the Maximum Roll Angle ..... n/a
TYpe..oooiiicieee Work zone traffic control device driver’s side Vehicle Snagging .......... n/a
Name......ccooooeeninnn. TxDOT Type Il barricade Impact Severity......... 341 kip*ft Vehicle Pocketing.......... n/a
Installation Length..... n/a Exit Conditions Test Article Deflections
Material or Key Elements Wood boards and perforated square steel ~ Speed ............ccc..... 61.7 mi/h Dynamic.........coceevvueeenne n/a
tube frame Exit Trajectory/Heading  n/a Permanent .................... n/a
Soil Type and Condition Placed on dry concrete Occupant Risk Values Working Width............... n/a
Test Vehicle Longitudinal OIV....... n/a Working Width Height.... n/a
Type/Designation...... 1100C Lateral OlV............... n/a Vehicle Damage
Make and Model ....... 2007 Kia Rio Longitudinal Ridedown n/a 12FL1
Curb..cooii 2453 Ib Lateral Ridedown ..... n/a 12FLEN1
Test Inertial................ 2450 Ib THIV s n/a 0 inches
Dummy .....ccccoeeeeens 165 Ib dummy on passenger side ASl.. i, n/a LFO00000
Gross Static .............. 2615 1b Max. 0.050-s Average Max. Occupant Compartment
Longitudinal n/a Deformation ................ 0 inches
Lateral............ n/a
Vertical..........cc....... n/a

Figure 13.26. Summary of Results for MASH Test 3-71 on the Type III Barricade.
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Table 13.8. Performance Evaluation Summary for MASH Test 3-71 on the Type I1I Barricade.

Test Agency: Texas A&M Transportation Institute

Test No.: 469469-12-04

Test Date: 2019-08-27

MASH Test 3-60 Evaluation Criteria Test Results Assessment
Structural Adequacy
B.  The test article should readily activate in a predictable The Type III barricade yielded to the 1100C vehicle Pass
manner by breaking away, fracturing, or yielding. as designed.
Occupant Risk
D.  Detached elements, fragments, or other debris from the test | After impact, the barricade fragments did not
article should not penetrate or show potential for penetrate or show any potential for penetration into
penetrating the occupant compartment, or present an undue | the occupant compartment. Pass
hazard to other traffic, pedestrians, or personnel in a work
zone.
Deformations of, or intrusions into, the occupant There was no occupant compartment deformation
compartment should not exceed limits set forth in Pass
Section 5.2.2 and Appendix E of MASH.
F.  The vehicle should remain upright during and after The vehicle remained upright and stable during and
collision. The maximum roll and pitch angles are not to after the impact Pass
exceed 75 degrees.
E.  Detached elements, fragments, or other debris from the test | The detached elements did not obstruct the driver’s
article, of vehicular damage should not block the driver’s vision or cause loss of control of the vehicle. Pass
vision or otherwise cause the driver to lose control of the
vehicle.
H.  Occupant impact velocities (OIV) should satisfy the According to MASH, when the weight of the traffic
Jfollowing limits: Preferred value of 10 fi/s, or maximum control device is less than 220 b, the test may be n/a
allowable value of 16 fi/s. performed without vehicle instrumentation.
L The occupant ridedown accelerations should satisfy the The Type Il barricade system weighed 57 1b.
following limits: Preferred value of 15.0 g, or maximum Therefore, the vehicle was not instrumented, and n/a
allowable value of 20.49 g. occupant risk factors were not obtained for this test.
Post-Impact Vehicular Response
N.  Vehicle trajectory behind the test article is acceptable. The 1100C vehicle came to rest 367 ft behind and in
. Ny ., . . Pass
line of the original position of the installation.




13.7 CONCLUSIONS

The Type III barricade performed acceptably in all tests (Table 13.9). Although some of
the barricades separated into multiple pieces, these pieces did not penetrate or show any potential
for penetrating the occupant compartment. The vehicle remained upright and stable during and
after the impact for each test. The Type III barricade performed as designed in all tests and is

considered MASH compliant.

Table 13.9. Assessment Summary for MASH TL-3 Tests on TxDOT Type III

Barricade.
Evaluation Evaluation Test No. Test No. Test No. Test No.
Factors Criteria 469469-12-1 469469-12-2 469469-12-3 | 469469-12-4
Structural
Adequacy B 5 S S 5
D S S S S
E S S S S
Occupant F S S S S
Risk H S S S S
| S S S S
N S S S S
Test N MASH Test MASH Test MASH Test | MASH Test
estno. 3-71 3-72 3-72 3-71
Pass/Fail Pass Pass Pass Pass
S = Satisfactory
U = Unsatisfactory
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CHAPTER 14: SUMMARY AND CONCLUSIONS

A MASH implementation agreement was jointly developed and adopted by FHWA and
AASHTO. The agreement establishes various implementation dates for different categories of
roadside safety features. In response to the implementation requirements, the TxXDOT Bridge,
Design, Maintenance, and Traffic Safety Divisions reviewed their standards for roadside safety
devices and identified those devices that require testing and evaluation to assess MASH
compliance. These systems are being crash-tested in accordance with MASH criteria in three
phases over a 3-year period.

This report documents the Phase 111 testing and evaluation effort. Test results and
assessment of MASH compliance for each device are summarized as follows.

14.1 C1W BRIDGE RAIL

The TxDOT C1W bridge rail contained and redirected the 10000S vehicle. The vehicle
did not penetrate, underride, or override the installation. Maximum dynamic deflection during
the test was 0.9 ft, and maximum permanent deformation was 0.3 ft. 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 5.5 inches in the front left corner of the floor pan. The 10000S
vehicle remained upright during and after the collision event. Maximum roll and pitch was 23°
and 7°, respectively. Occupant risk factors were within the preferred limits specified in MASH.
The C1W bridge rail performed acceptably for according to MASH TL-4 evaluation criteria.

14.2 MODIFIED C66 BRIDGE RAIL

The TxDOT Modified C66 bridge rail contained and redirected the 2270P vehicle. The
vehicle did not penetrate, underride, or override the installation. Maximum dynamic deflection
during the test was 1.1 inches at the steel rail element, and there was no measurable permanent
deformation. 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 2.0 inches in the driver side floor pan and kick
panel areas. The 2270P vehicle remained upright during and after the collision event. Maximum
roll and pitch angles were 12° and 7°, respectively. Occupant risk factors were within the
preferred limits specified in MASH. The 2270P vehicle exited within the exit box criteria.

The TxDOT Modified C66 bridge rail contained and redirected the 1100C vehicle. The
vehicle did not penetrate, underride, or override the installation. There was no measurable
dynamic or permanent deformation. 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 2 inches between
the floor and roof. The 1100C vehicle remained upright during and after the collision event.
Maximum roll and pitch angles were 18° and 14°, respectively. Occupant risk factors were
within the acceptable limits specified in MASH. The 1100C vehicle exited within the exit box
criteria.
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The TxDOT Modified C66 bridge rail performed acceptably according to MASH TL-3
evaluation criteria.

143 LOW-PROFILE BARRIER

The TxDOT low-profile barrier contained and redirected the 2270P vehicle. The vehicle
did not penetrate, underride, or override the installation. Maximum dynamic deflection during
the test was 8.6 inches, and maximum permanent deformation was 8.5 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. There was no observed
occupant compartment deformation. The 2270P vehicle remained upright during and after the
collision event. Maximum roll and pitch angles were 22° and 10°, respectively. Occupant risk
factors were within the preferred limits specified in MASH. The 2270P vehicle exited within the
exit box criteria.

The TxDOT low-profile barrier contained and redirected the 1100C vehicle. The vehicle
did not penetrate, underride, or override the installation. Maximum dynamic deflection during
the test was 4.9 inches, and maximum permanent deformation was 4.3 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. There was no observed
occupant compartment deformation. The 1100C vehicle remained upright during and after the
collision event. Maximum roll and pitch angles were 6° and 3°, respectively. Occupant risk
factors were within the allowable limits specified in MASH. The 1100C vehicle exited within the
exit box criteria.

The TxDOT low-profile barrier performed acceptably according to MASH TL-3
evaluation criteria.

144 LOW-PROFILE-TO-F-SHAPE TRANSITION

In Test 2-20, the TxDOT low-profile-to-F-shape transition contained and redirected the
1100C vehicle. The vehicle did not penetrate, underride, or override the installation. Maximum
dynamic deflection during the test was 8 inches, and permanent deformation was 8 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. There was no
observed occupant compartment deformation. The 1100C vehicle remained upright during and
after the collision event. Maximum roll and pitch angles were 17° and 8°, respectively. Occupant
risk factors were within the preferred limits specified in MASH. The 1100C vehicle exited within
the exit box criteria.

In Test 2-21, the TxDOT low-profile-to-F-shape transition contained and redirected the
2270P vehicle. The vehicle did not penetrate, underride, or override the installation. Maximum
dynamic deflection during the test was 14.5 inches, and permanent deformation was 14 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. There was no
observed occupant compartment deformation. The 2270P vehicle remained upright during and
after the collision event. Maximum roll and pitch angles were 7° and 7°, respectively. Occupant
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risk factors were within the preferred limits specified in MASH. The 2270P vehicle exited within
the exit box criteria.

The TxDOT low-profile-to-F-shape transition performed acceptably according to MASH
TL-2 evaluation criteria.

14.5 THRIE-BEAM TRANSITION

The TxDOT thrie-beam transition without end shoe block contained and redirected the
2270P vehicle. The vehicle did not penetrate, underride, or override the installation. Maximum
dynamic deflection during the test was 4.0 inches, and permanent deformation was %2 inch. 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. The maximum
occupant compartment deformation was 4 inches. The 2270P vehicle remained upright during
and after the collision event. Maximum roll and pitch angles were 24° and 7°, respectively.
Occupant risk factors were within the preferred limits specified in MASH. The 2270P vehicle
exited within the exit box criteria.

The TxDOT thrie-beam transition without end shoe block performed acceptably
according to MASH Test 3-21 evaluation criteria.

14.6 SINGLE WOOD POST SKID-MOUNTED SIGN SUPPORT SYSTEM

Upon impact, the wood support post fractured near bumper height. The upper portion of
the fractured support with attached aluminum sign panel rotated toward the vehicle, and the
corner of the sign panel contacted the windshield and caused a 4-inch-long tear in the laminate.
Consequently, the single wood post skid-mounted sign support system failed to comply with
MASH Test 3-72 criteria.

The TxDOT single wood post skid-mounted sign support system did not perform
acceptably according to MASH Test 3-72 evaluation criteria.

14.7 PERFORATED SQUARE STEEL TUBE SIGN SUPPORT

The sign support fractured near the ground line as designed. After the support post
fractured, the sign panel and support rotated toward the vehicle and impacted the windshield and
roof. The sign penetrated through the roof into the occupant compartment, and the roof sustained
11% inches of deformation into the occupant compartment. Consequently, the PSST sign support
in reinforced anchor stub system did not satisfy MASH criteria for breakaway support structures.

The TxDOT PSST sign support did not perform acceptably according to MASH Test 3-61
evaluation criteria

14.8 BURN BAN SIGN ON SLIP BASE SUPPORT

The burn ban sign on slip base support did not comply with MASH criteria. After release
from the slip base, the sign support system rotated over the impacting vehicle, and the top of the
sign panel and support contacted and penetrated the rear window.
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14.9 BURN BAN SIGN ON WEDGE AND SOCKET SUPPORT

Upon impact with the burn ban sign on wedge and socket support, the support post
initially began to pull out of its socket but subsequently fractured about 24 inches above grade.
After fracture of the support post, the upper portion wrapped around the front of the vehicle and
the upper sign panel and support contacted and penetrated the windshield. Consequently, the
burn ban sign on wedge and socket support did not meet MASH criteria.

14.10 MAILBOXES

14.10.1 Single Temporary Mailbox on Plastic Drum (Type 6 Foundation)

The mailbox on Type 6 foundation on a plastic drum performed acceptably in MASH
Test 3-61 and is considered MASH compliant. The mailbox deformed but remained connected to
the barrel. No part of the test article penetrated or showed any potential for penetrating the
occupant compartment. The vehicle remained upright and stable during and after the impact.

14.10.2 Centennial Model Mailbox on Type 2 Foundation

The Centennial model mailbox on Type 2 foundation performed acceptably in MASH
Test 3-61 and is considered MASH compliant. The mailbox deformed and disconnected from the
post. The post remained attached to its anchor. No part of the test article penetrated or showed
any potential for penetrating the occupant compartment. The vehicle remained upright and stable
during and after the impact.

14.10.3 Lockable Mailbox on Thin-Wall Galvanized Tube with Type 2 Foundation

The lockable mailbox on thin-wall galvanized tube with Type 2 foundation performed
acceptably in MASH Test 3-61 and is considered MASH compliant. The mailbox deformed but
remained connected to the post, which disengaged from its ground support. No part of the test
article penetrated or showed any potential for penetrating the occupant compartment. The vehicle
remained upright and stable during and after the impact.

14.11 ROUND WOOD POST GUARDRAIL IN CONCRETE MOW STRIP

The round wood post guardrail in a concrete mow strip did not meet MASH criteria. The
2270P vehicle penetrated through the guardrail and was not contained or redirected by the round
wood post guardrail in a concrete mow strip.

14.12 TYPE 111 BARRICADE

The Type III barricade performed acceptably in all tests. Although some of the barricades
separated into multiple pieces, these pieces did not penetrate or show any potential for
penetrating the occupant compartment. The vehicle remained upright and stable during and after
the impact for each test. The Type III barricade performed as designed in all tests and is
considered MASH compliant.
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CHAPTER 15: IMPLEMENTATION

A total of 22 full-scale crash tests were performed under Phase III of this project to
evaluate 14 different roadside safety devices or configurations. These tests represent the critical
tests considered necessary to demonstrate MASH compliance of each device. The systems that
met MASH requirements for these critical test conditions are considered MASH compliant and
suitable for continued implementation beyond the MASH implementation deadline.

TxDOT standards include multiple configurations or variations for many of these devices
to accommodate different design considerations. In such instances, the critical or worst-case
configuration was selected and tested. If the critical configuration met MASH requirements, other
less critical configurations of the device are also considered MASH compliant. The
implementation recommendations for each system tested and evaluated in accordance with
MASH are described in the sections as follows.

15.1 C1W BRIDGE RAIL

The C1W bridge rail is a 42-inch-tall combination rail that consists of four rectangular
tubular steel rail elements attached to fabricated steel posts mounted on a 9-inch-tall concrete
curb. The bridge rail is designed to accommodate both vehicle and pedestrian traffic. When
tested in accordance with MASH Test 4-12 with a 24,200-1b single-unit truck, the C1W bridge
rail met all required MASH criteria. Based on previous testing of the TI1W to MASH TL-3 (1),
test designations 4-10 and 4-11 were deemed unnecessary. Compared to the TIW, the CIW
provides additional rail contact surface area and reduced clear opening between rail elements,
both of which reduce potential for vehicle snagging.

Consequently, the C1W bridge rail is considered MASH TL-4 compliant. Continued
implementation of this bridge rail system can be achieved by the Bridge Division through its
respective standard sheets.

15.2 MODIFIED C66 BRIDGE RAIL

The C66 bridge rail is a concrete beam-and-post system mounted on a 9-inch curb. The
C66 rail is a combination version of the T66 rail that is designed to accommodate both vehicle
and pedestrian traffic. The additional features incorporated into the C66 rail include a 10-inch-
tall steel rail element attached to the top of the system and a steel pipe positioned between posts
in the clear opening between the bottom of the concrete beam and top of the curb.

The test installation was constructed in a manner to evaluate MASH compliance of both
the T66 and C66 bridge rail systems. The C66 steel rail element was incorporated into the test
installation to evaluate any potential occupant or vehicle interaction. Since the lower pipe section
could potentially reduce the severity of wheel snagging on the concrete posts, the lower pipe was
removed from the test installation.

The full MASH test matrix was successfully performed on the Modified C66 bridge rail
system. The full-scale crash tests included MASH test designations 3-10 (small passenger car)
and 3-11 (pickup truck). Therefore, both the T66 and the C66 bridge rail systems are considered
MASH TL-3 compliant. Continued implementation of these bridge rail systems can be achieved
by the Bridge Division through their respective standard sheets.
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15.3 LOW-PROFILE BARRIER

The low-profile barrier is a 20-inch-tall, free-standing concrete barrier designed to
improve sight distance for turning maneuvers within low-speed work zone areas. The low-profile
barrier test installation followed a draft specification (Draft LPCB-19) that included some
changes from the previous standard. Key among them was the use of two separate washer plates
for the two connection bolts rather than a single plate, and polyvinyl chloride (PVC) pipe rather
than steel pipe for the connection bolts at each end of the barrier segments.

The full MASH TL-2 test matrix was successfully performed on the low-profile barrier.
The full-scale crash tests included MASH test designations 2-10 with the small passenger car and
2-11 with the pickup truck. Therefore, the low-profile barrier is considered MASH TL-2 compliant.
Continued implementation of this bridge rail system can be achieved by the Design Division through
revision of their respective standard sheets as necessary to reflect the details presented in
Appendix C.1.

15.4 LOW-PROFILE-TO-F-SHAPE TRANSITION

This transition barrier segment is used to connect a 20-inch-tall low-profile concrete
barrier to a 32-inch-tall F-shape portable concrete barrier. The low-profile barrier is a TL-2
system intended for use on lower-speed roadways, whereas the F-shape barrier is a TL-3 system
suitable for use on high-speed roadways. The low-profile-to-F-shape transition section
incorporated some changes from the previous standard. The tested transition section incorporated
PVC pipe at each, rather than steel pipe for the connection bolts, and the X-bolt connection
details on the F-shape end of the transition section were significantly simplified. Additionally,
the steel reinforcement was simplified and reduced throughout.

Based on a review of previous analysis and testing of the low-profile-to-F-shape
transition (3), it was determined that two tests should be performed to verify the impact
performance of the low-profile-to-F-shape transition under MASH criteria. MASH Test 2-20 with
the small passenger car was successfully performed with the vehicle traveling from the F-shape
barrier toward the low-profile barrier, and MASH Test 2-21 with the pickup truck was
successfully performed with the vehicle traveling from the low-profile barrier toward the F-shape
barrier. These were the critical directions for these tests based on previous simulation and crash
testing of the system. Test 2-20 from the low-profile barrier end and Test 2-21from the F-shape
barrier end were not considered necessary because previous simulations showed them to be less
critical (more stable) than the tests that were performed.

Therefore, the low-profile-to-F-shape transition is considered MASH TL-2 compliant.
Continued implementation of the transition can be achieved by the Design Division through
revision of the respective standard sheets as necessary to reflect the details presented in
Appendix D.1

15.5 THRIE-BEAM TRANSITION

The TxDOT thrie-beam transition is used to connect an approach guardrail to a bridge
rail system. Variations of this transition section have been previously tested to MASH at both the
upstream and downstream ends (4, 5). When the transition system was tested at the downstream
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end near its connection to a safety-shaped concrete parapet, a tapered steel block was positioned
under the end shoe to keep the thrie-beam rail in a vertical plane. The TxDOT variation of this
transition twists the nested thrie beam and end shoe into the sloped barrier face in lieu of using
the tapered steel blockout. It was decided to test the downstream transition without the tapered
end shoe block to determine if this configuration is MASH compliant.

The critical test for evaluating the need for the tapered end shoe block is MASH test
designation 3-21 with the 2270P pickup truck. The stability of the pickup truck is most likely to
be affected by the sloping thrie-beam rail adjacent to the bridge rail parapet. This test was
successfully performed and met all associated MASH evaluation criteria. Therefore, the thrie-
beam transition without tapered steel block is considered MASH compliant. Continued
implementation of this transition system can be achieved by the Design Division through their
respective standard sheets.

The standard detail sheet for the TxDOT thrie-beam transition permits use of three
different post types: W6x8.5 steel posts, 7-inch (178-mm) diameter round wood posts, and
6-inch by 8-inch (152-mm by 203-mm) rectangular wood posts. Researchers consider the
W6x8.5 steel post to be the most critical condition in regard to post snagging; therefore, the steel
post option was used in the full-scale crash test. Based on the successful impact performance
with the steel posts, the transition is also considered MASH compliant with the less critical round
and rectangular posts types.

TxDOT bridge rail standards include two systems that have sloped faces that attach to the
TL-3 thrie-beam transition. These are a 32-inch F-shape parapet (Type T551) and a 36-inch
SSTR. The greater slope of the SSTR made it the more critical profile for evaluating the thrie-
beam transition without end shoe block. Based on the successful impact performance with the
transition attached to the SSTR, the transition is also considered MASH compliant when attached
to the less-critical T551 F-shape bridge rail.

15.6 SINGLE WOOD POST SKID-MOUNTED SIGN SUPPORT SYSTEM

The single wood post skid-mounted temporary sign support system uses a 4-inch by
4-inch post and is designed for use with a maximum 12-sq-ft sign panel. Details can be found on
TxDOT Barricade and Construction sheet BC(5)-14. The MASH test matrix for work zone traffic
control devices includes a high-speed test with a passenger car (Test 3-71) and pickup truck
(Test 3-72) at both 0° and 90° impact orientations.

During Test 3-72 with the single wood post skid-mounted sign support system oriented at
90°, the edge of the aluminum sign panel contacted and penetrated the top of the windshield,
resulting in a 4-inch-long tear in the laminate. Thus, the single wood post skid-mounted
temporary sign support system did not perform acceptably for MASH Test 3-72, and the system
is not MASH compliant. Further research is required to develop a modified system that will
comply with MASH requirements.
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15.7 PERFORATED SQUARE STEEL TUBE SIGN SUPPORT

TxDOT uses PSST supports for ground-mounted temporary signs. Barricade and
construction sheet BC(5)-14 and Section J “Signs and Sign Supports” of the Compliant Work
Zone Traffic Control Device List provide three foundation options:

e Option 1 is direct embedment of the sign support.
e Option 2 involves insertion of the sign post into a larger size PSST anchor stub.
e Option 3 incorporates an 18-inch PSST reinforcing sleeve over the PSST anchor stub.

Evaluation efforts under this project focused on the options with anchor stubs because they are
much more common in the field.

The TxDOT standards permit the use of both 14-gauge and 12-gauge PSST supports of
different sizes to accommodate different sign sizes. A single 2-inch by 14-gauge PSST support in
an anchor stub was successfully tested in accordance with MASH criteria. Therefore, efforts
under this project focused on evaluation of 12-gauge PSST supports. Both foundation Option 2
(PSST support in anchor stub) and Option 3 (PSST support in reinforced anchor stub) were
evaluated for a 2-inch, 12-gauge PSST support.

MASH recognizes that sign support systems that are used near an intersection can be
struck from virtually any direction. Consequently, MASH Section 2.2.4.1 recommends that
testing of these systems be conducted at both 90° from the normal direction and at any
orientation between 0° and 25° that is deemed to represent the highest risk for the system to fail
any of the recommended evaluation criteria. Since these temporary sign supports are used at or
near intersections, the recommended test matrix for evaluating the ground-mounted PSST sign
support system includes MASH Test 3-61 with the 1100C passenger car and Test 3-62 with the
2270P pickup truck at both 0° and 90°.

When Option 2 was evaluated in MASH Test 3-61 with the sign in a 90° orientation, the
anchor stub fractured, and the sign panel and support rotated toward the vehicle and impacted the
windshield and roof. The sign penetrated into the occupant compartment through the windshield
and roof. Consequently, the PSST sign support in anchor stub system did not satisfy MASH
criteria for breakaway support structures.

After the unsuccessful test of the PSST sign support in anchor stub system, it was decided
to evaluate the impact performance of a 2-inch by 12-gauge PSST support post in a reinforced
anchor stub. The reinforcing sleeve provides additional stiffening of the support post at the
ground line, which should help facilitate fracture of the support post during an impact. Quicker
fracture of the support post offered the possibility of changing the trajectory of the released sign
support system.

When Option 3 was evaluated in MASH Test 3-61 with the sign in a 90° orientation, the
sign support fractured near the ground line as designed. After the support post fractured, the sign
panel and support rotated toward the vehicle and impacted the windshield and roof. The sign
penetrated through the roof into the occupant compartment. Consequently, the PSST sign support
in reinforced anchor stub system did not satisfy MASH criteria for breakaway support structures.
Further research is required to develop a modification to this system that will comply with MASH
requirements.
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15.8 BURN BAN SIGN ON SLIP BASE SUPPORT

TxDOT permits counties to post advisory signs on the roadside to alert motorists when a
burn ban is in effect. The current practice is to append the burn ban notification signs to existing
sign support structures. Since burn ban signs are deployed on support structures along the
roadside and not at or near intersections, only evaluation at 0° was considered necessary.

Previous research concluded that the minimum sign area that should be used on a slip
base support to meet MASH requirements for 0° impacts is 14 sq ft (§). Therefore, it was
recommended to append the burn ban sign to a slip base sign support system that has a primary
sign panel area of at least 14 sq ft.

Two different sizes of burn ban signs are used. The smaller 24-inch by 24-inch sign is
intended to simply communicate that a burn ban is in effect. The larger 30-inch by 36-inch sign
additionally indicates the name of the county when needed. The larger sign is the more critical of
the two sizes. If testing of the 30-inch by 36-inch burn ban sign is satisfactory, the smaller
24-inch by 24-inch burn ban sign would also be considered MASH compliant.

The burn ban sign on slip base support structure did not comply with MASH criteria.
During MASH Test 3-61, the released sign support system rotated over the impacting vehicle,
and the top of the sign panel and support contacted and penetrated the rear window. Further
research is required to develop a modification to this system that will comply with MASH
requirements.

15.9 BURN BAN SIGN ON WEDGE AND SOCKET SUPPORT

TxDOT desired to expand the implementation of burn ban signs to include thin-wall steel
tubing supports secured in a wedge and socket foundation. Due to the capacity of the thin-wall
steel tube support, the smaller 24-inch by 24-inch burn ban sign was evaluated.

During MASH Test 3-61, the thin-wall steel support post initially began to pull out of its
socket, but it subsequently fractured about 24 inches above grade. After fracture of the support
post, the upper portion wrapped around the front of the vehicle and the upper sign panel and
support contacted and penetrated the windshield. Consequently, the burn ban sign on wedge and
socket support did not meet MASH criteria. Further research is required to develop a modification
to this system that will comply with MASH requirements.

15.10 MAILBOXES

The small passenger car is considered the critical design vehicle for evaluation of
mailbox support systems based on the mounting height regulated for mailboxes by the United
States Postal Service. At the required mounting height, any interaction between the mailbox and
the windshield of the pickup truck design vehicle is improbable. The taller hood height and
longer wrap-around distance (i.e., the distance from the ground, around the front end, and across
the hood to the base of the windshield) of the 2270P pickup truck significantly decreases the
probability of windshield impact and occupant compartment intrusion. Therefore, Test 3-62 with
the pickup truck was considered unnecessary for the MASH evaluation of the TxDOT mailbox
systems.
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The MASH test matrix for breakaway supports includes two tests with the 1100C small
passenger car: a low-speed test at 19 mi/h (Test 3-60) and a high-speed test at 62 mi/h
(Test 3-61). In the low-speed small car test, MASH testing has shown that the mailbox support
assembly will be pushed forward by the impacting vehicle (/0). Under the lower impact severity,
it is unlikely that the mailbox will separate from the support or that the support assembly will
interact with the vehicle windshield.

The most critical test for evaluation of mailbox systems is MASH test designation 3-61.
This test evaluates both the structural adequacy of the mailbox connection hardware and the
interaction of the mailbox support assembly with the vehicle windshield. If the mailbox remains
attached during this high-speed test, it is not expected to detach in the low-speed test.

Three different mailbox support systems were selected for MASH testing and evaluation
during Phase III of the project. Separate tests were successfully performed for each system.
These include a single temporary mailbox on a plastic drum (Type 6 foundation), a single extra-
large mailbox on thin-wall galvanized steel tube with Type 2 foundation, and a lockable mailbox
on thin-wall galvanized steel tube support with a Type 2 foundation.

Each of these systems are considered MASH compliant and suitable for implementation.
Systems that were tested with a single mailbox should be implemented with a single mailbox
only. Smaller mailboxes with similar attachment hardware are less critical and are considered
MASH compliant. Implementation of these mailbox systems can be achieved by the Maintenance
Division through updating of mailbox standard MB-15(1) (as necessary) to reflect the tested
details presented in Chapter 11.

15.11 ROUND WOOD POST GUARDRAIL IN CONCRETE MOW STRIP

TxDOT frequently installs guardrail in a concrete mow strip. Pavement mow strips are
used to combat vegetation growth around guardrail posts to avoid the use of herbicides, decrease
maintenance costs, and reduce the safety risk to workers associated with hand mowing around
guardrail. A sacrificial grout layer is used in a leave-out section formed in the mow strip around
the guardrail posts. During an impact, the grout is crushed, and the post is able to rotate in the
leave-out section.

MASH Test 3-11 is considered the critical test for evaluation of the round wood post
guardrail system in a concrete mow strip. This test places more demand on the mow-strip-
confined posts. MASH Test 3-10 was not considered necessary on the round wood post guardrail
in a concrete mow strip because MASH Test 3-10 was successfully performed on guardrail in a
concrete mow strip with W6x8.5 steel posts and 6-inch by 8-inch rectangular wood posts (/2).
The geometries of the steel and rectangular wood posts are considered more critical in terms of
the vehicle snagging and deceleration compared to the round wood post.

The test installation for the round wood post guardrail system in a concrete mow strip
used nominal 7-inch-diameter posts with a 36-inch post embedment. During MASH Test 3-11,
the 2270P pickup truck penetrated through the guardrail and was not contained or redirected by
the round wood post guardrail in a concrete mow strip. Thus, this configuration of round wood
post guardrail in a concrete mow strip does not meet MASH criteria. Further research is required
to develop a modification to this system that will comply with MASH requirements. An options
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for future consideration is increasing the size (diameter) of the post to delay/prevent post fracture
and permit more energy of the vehicle to be dissipated through post deflection.

15.12 TYPE III BARRICADE

Acceptable design configurations for Type III barricades are provided on barricade and
construction sheet BC(5)-14 and Section D “Type III Barricades” of the Compliant Work Zone
Traffic Control Device List. Numerous material options and combinations are permitted.
Evaluation under this project focused on systems with a support structure fabricated using PSST.

Type III barricades with PSST frames can be used with three different rail types: wood,
HPPL, and plastic I-beam rails. The wood and HPPL rails are directly bolted to the barricade
uprights, while the plastic I-beam rails clip into brackets attached to the uprights. Because the
I-beam rails are releasable, their evaluation will require separate testing. Of the two direct-bolted
rail types, wood was considered more critical than HPPL. This is because the wood rails are
heavier and can fracture into multiple pieces that can subsequently impact the windshield of the
vehicle.

The MASH test matrix for work zone traffic control devices consists of three tests: 3-70,
3-71, and 3-72. Test 3-70 is considered optional for free-standing devices weighing less than
220 1b because “velocity changes during low-speed impacts will be within acceptable limits...”
MASH Tests 3-71 and 3-72 were successfully performed with the barricade in both normal
(perpendicular) and parallel orientations. Thus, the Type III barricade with PSST supports and
wood rails meets MASH requirements. Additionally, the similar Type III barricade with PSST
supports and less critical HPPL rails is also considered MASH compliant.

The PSST barricade frame consists of uprights and skids. The uprights insert into PSST
sleeves that can be connected to the skids by welding or bolted steel hardware. Welded
connections were considered the more critical of the two connection types because the small
welds have an opportunity to fracture and release the barricade uprights, which could then
potentially interact with the vehicle windshield. Therefore, given the successful MASH
evaluation of the Type III barricade with welded connections, the similar design with bolted
hardware connections is also considered MASH compliant.

A lower cross member between the two uprights is an optional feature for the Type III
barricades that can be used when needed to provide additional structural support to the barricade
frame. This cross member is typically only needed when the plastic I-beam rails are used because
these clip-on rails do not provide the same structural rigidity of the direct-bolted rails.
Additionally, the barricade system with direct-bolted rails would be considered more critical
without the lower cross member because the cross member provides additional strength and
rigidity that would make separation of the barricade components less likely during an impact.
Consequently, the Type III barricade system evaluated under this project did not include a lower
cross member. Given the successful MASH evaluation of the Type III barricade without the
lower cross member, the similar design with bolted cross member is also considered MASH
compliant.

Finally, TxDOT standards permit Type III barricades to vary in length from 4 ft to 8 ft. A
4-ft length was considered most critical. This length permits both uprights to be impacted
simultaneously, thus increasing the probability of the uprights releasing from their skids. In a
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longer configuration, if only one upright is impacted, the barricade may simply rotate out of the
path of the vehicle. Therefore, given the successful evaluation of the 4-ft-long Type III barricade
system, longer variations are also considered MASH compliant.
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Load No. Break Date Cylinder Age Total Load (Ibs) Break (psi) Average
7! 2o19-g-1 | ST 2473 1/93 000 325

|

/32 000 Yo 435

oo

<

/85 000

¢, 545
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/ Texas Duoc. No Revision
4= Transportation Date:
A nstitute 57.2 Concrete Sampling |72 | 2
ﬂﬂﬂﬂﬂﬂ iy Ciraunm L :f:n M:«- : ve 200 B-0M3-17
B ey T Poret S7o AR STS
Revised by: B, L. Gl i i T
s = VIS v wrlhith

Quallt}. PDIIC}’ Form Approved by: D. Kuhn & 1of )

ProjectNo: {47 Y- 4 Casting Date: 206~C~// _ Wix Design (psi): 000 ps/

Printed Name of
Technician taking

(CREGC e

Printed Name of
Technician breaking

6@2/75112

Sample Sample
K vty % 7%%;&?::: -
Sample Sample
Load No. Truck No. Ticket No. Location (from concrete map)
‘Dj‘/fj ,}C\C“OC’. 00\ 700 )Lr*w /‘/d/é.w Alfogee . Sa Leasth
it oo Sgag bl God o dop £ EPk
3/ry [dapng 1604252 | Gurlen Ead, Fael 75, Lo i
Load No. Break Date Cylinder Age Total Load (Ibs) Break (psi) Average
Tl 018~ 8-1 | So was3 |75 020 |4 190
! l 175,000 _|¢,110 | GO3S
o \ whoro 5730 | °
T 3 ‘ 77,000 |, 240
| 1go000 1365 14,380
- 34,000 C 510
73 (48,000 |],005
| , (81,000 6,685 | &2e”°
> v /9 5 o° (,!915
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SOUTH REGION/MAIN OFFICE
fi 6310 State H _B?way 21 West

ngmwmmu RB 0021749
KN I FE FAX: (979) 361-2820 _

RIVER

AN MDU RESOURCES COMPANY
Rivetbend
“LLIS-MCGINNIS CONSTRUC

'40 BOX 40
EDDY

~
TAMU TRANSEORTATION INSTITUTE
LF47 RELLIS CAMPUS RT AT THE
IGN 2ND STOP TARE A LF 2ND
TAKE A RT GO 2 STOP SIGN D
B h LF GO TO MOP.E STOP SI

I(nl {Z

WARNING Excessive Walet is Delrimental to Concrofe Performance.
[T BE SIGNED IF DELIVERT TD BE MADE INSIDE CURS LINE) H
JRRITATING TO THE SKIN AND EYES De Cutome o s uck o e B RELASE 48 AN i ot AR B
20 Gioves, PROLONGED. | %13 15,0 o2 e s e GAL X
D'WN mmmmﬂ‘nmmmwubx
TR B ol S S et | WEIGHMASTER

CNGRETE A FERIERJ.BLE CWMODIW and BECOMES THE PRAOPEATY of the
PURCHASER UPON ANY CHANGES or GANCELLATION of ORIGINAL

INSTWDNS IIUST D.TEI.E’HJNEDIBMOFFIUE BEFORE LOADING starts.
ll costs, atinmeys fass, incuned in coteciing sy

Sums crwedl

All stcounts mat naid withen 30 days of delivary will beas wiarest at the rate of 18% par anmum
Hat Reaporible ot Reschve Aggragate . Mo Coal Made 2 Tme Materiai is [
A Slﬂm ‘Service Charge and Loss of the Casn Discount will be Collacied on all Relurmed Checes. LOAD RECEIVED BY
Excous Dalay Tine Charged @ 675 00%hr.

RETURNED TO PLANT LEFT J0B FINISH UNLOADING ON SITE TESTING AIR TEMP = .
TESTING LAB: e
Ticket Total
LEFT PLANT ARRIVED J0B START UNLDADING SLUMP CONCRETE TEMP. Granfl Total

B 2 e : Y - |

y 5 = { | 2- l = :ADDITIONAL CHARGE 1
TOTALROUND TRIP | TOTAL AT 0B UNLDADING TIME AR CYLINDERS | ADDITIONAL CHARGE 2

Time Date

1'-RB OD“ 7A‘3

Mntarisi Desipgn Oty ‘ﬁ imr % Woldture Acius Vs
CEMENT 417,00 b
g 14200 it
¥ a g
g
r .
-3 |

fum Batches
i 26638 b Design VWG 0450 valerCament nasy T Cesign At 1841 g ToAoe 21 @
Elurng 50 In Wilster In Truck oo g A st Vimter or ¢ fLomd m Vester 20 g i oYL
Actusl WIC Rallo. 0423 Actus Vater 164 gl Baiched Cament 3638 v Allowable Viser 100 g

TR No. 0-6969 A-11 2020-05-28
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£

RIVER

AN MDU RESOURCES COMPANY
iverbend

LLISHHﬂE@NﬂI& CONSTRUC
0. BOK

;e 111

(= k)

TJAMUTRANS

SOUTH REGION/MAIN OFFICE
6310 State H_BPway 21 West

™ (79) 361-2000
KN'FE FAx: (979) 361-2920

TAMU TRANSPORTATION INSTITUTE

LF RELLIS CAMPUS RT AT THE

SIGN 2ND STOP TAKE A LF 2ND
TARKE A RT GO 2 STOP SIGN D
!:’*-RLFGO?OHGJRB S'I'OP 81 07§

LF47
STOP
STOP
OWN T
GHN

EC‘u’h

RB 0021700

CO‘NCRE‘I‘E () PERIBHABLE COMIIODITY and BECD‘HES THE PROPERTY of the
PURCHASER UPON LEAVING the ANY CHANGES or CANCELLATION

of ORIGINAL
INSTRUCTIONS MUS"DITELEPHWHJ the OFFICE BEFORE LOADING starts.
TIIWM promises %0 pay & costy, inchuding reasanabie attcrney's faes, Incusnad in coliscting any
sums

All azcounts nat paia within 30 daye of delivery will bear miarest &1 (7w rate of 6% per snnues
mm&nmmmwwwmmm Claim Aliwod Uniess Mads ai Trs Maletinl s

A §15.00 Sarvice Crarge #nd Lows of the Cash Discaunt wil ba Collectsd on il Rslutned Checks.
Excess Detay Time Chargea @ 7500/,

(T BE SIGNED IF DELIVERY T0 BE MADE INSIDE CURS LINE)

Customer - Tha drivr of i ruck in grasenting this RELEASE t
e siza and weight ai fis

prEmises #ndice

i
2

H,0 Added by Request / Authorized By:
GAL X

© | WEIGHMASTER

Thank you for wyour business

Excessive Water is Detrimental to Concrete Performance.

LOAD RECEIVED BY

X

RETURNED TO PLANT LEFT JOB FINISH UNLDADING ON SITE TESTING AIR TEMP =
FEET | AMT
TESTING LAB: Ticker Total
LEFT PLANT ARRIVED J0B START UNLOADING SLUMP CONCRETE TEMF. Grand Total

21 5 ; B ADDITIONAL CHARGE 1

TOTAL ROUND TRIP TOTAL AT JOB UNLOADING TIME AR CYLINDERS 'IAIJDITIUNAL CHARGE 2
Truck Driver Date

16

Design Oty

BﬁrUUZJ.?OU

Fequired Bamchea % Var % Molshore A chusl Wnt
CEMENT -1’ 7.0 i a1 mm I a144.00 b -L§T%
FLYASH 1¥80 1 -084%
BAND 1270 1D 1 sow 5.0m M
LMETNY 13810 ib 015% 02MeM
GRAVELY® 4600 ID -050% OSF%M
WATER 1508 b -005% s
POZZS0 2000 o % %
AE-30 S0m0 o n00% 7V{/ y L
A
Actuesl Nurn Bstches i
Lond 35505 b Deslgn Wit 0450  vemteriCamern: Qasz T Design HzZo g Actusl 21 4d ToAad 138 g
Eump: &M In Wstar In Truck oo g Adues visher a0 @ fLoad Trirn Waster -20 gl f ove
Actual WIC Ratllo: D45 At Ve Fordl | Baiched Cament 5552 Ib Allowabie viser 1498 ¢
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SOUTH REGION/MAIN OFFICE - "~ BRYAN

8310 Stte Highway 21 West /6310 Huy 21 West
ryan, 7 an, -
PH: (979) 361-2900 7 DISPATCH: (979) 361-2931. B 0042526
KN'FE FAX: (979) 361-2920 .~ FAX: (979) 361-2920 -
AN MDU RESOURCES COMPANY \
Al Hlanb HE
) Al TRANSPORTATION INSTITUTE
ELL TS-MOGTNNIS \CONSTRIIC F47 LF RELLIS CAMPUS RT AT THE
P.0O. BOX 4@ - P SIBN 2ND STOP TAKE A LF 2ND
EDDY : 4 P TAKE A RT G0 2 STOP SIGN D
1 TAKE A LF GO TO MORE STOP SI
&1 f) (A s ] 3 S TNoD

PROPERTY DAMAGE RELEASE Excessive Water is Detrimental o Concrele Performance.

(TO BE SIGMED IF DELIVERY TO §E MADE INSIDE CURB LINE)

RRITATING TO THE SKIN AND EYES Added by R / Authorized By:
IRRITA : o e w%ﬂunmﬂwwnﬂaﬁhmm' e . i ‘?’
mmw Rubber Boots and Gloves, WL@, %mu mwmﬁm"; e el -"',"ﬁ‘::'} GAL X__/ :
%mr-cmdwmmwmmi . w&umm' nmmmnmun,nmm?wrhg'mm /I P
If Irritation Persists, Get Madical i Hil EN AWAY. | triver s requesting that you signthis AELEASE reievng i and mis ¥
5 g supplier from amy Mmmmmmyww the I Vi
CONC] A PERISHABLE COMMODITY and BECOM PROPERTY of the and salcent popwry. ulings, idowals. dre-saye. £
PUR NG the FLANT, ANY %mmm !ﬁfﬂ.n thedelhvory of ihis mataial, and treak you #sd agres 1o
INSTALCTIONS hmunmhmﬂ)ﬁu starts. ”xlrmmmt;-nmnlmwmanﬂmmqlm
et (it ik, ety o s Aty w%%wmdﬂmnmmqlﬁhmmms

A accaunts 1ot a8 AN 30 Gays of delary wil be ineceat at the eate of 18% por anmam | it “m&%ﬁﬁmﬂmﬂw
ot Resoonsile for Rancsve Aggregete o Colar Cualfy, No Cisim Alowed Uriess Mace ai Tims Materal s | trie

A $15.00 Service Gharge and Loss of e Cash Discount wil ba Coilectsd on al Asturned Chacks
Excens Delay Time Cnarged @ $75 00t

LOAD RECEIVEDBY

X

RETURNED TO PLANT | LEFT J0B FINISH UNLOADING ON SITE TESTING ARTENP |
TESTNGLAB: il
LEFT PLANT. ARRIVED JOB__ | START UNLOADI SLUMP CONCRETE TEMP, {and ‘Tot
e RIS A P ) ADDITIONAL CHARGE1
TOTAL ROUND TRIP TOTAL AT JOB UNLOADING TIME AIR CYLINDERS ADDITIONAL CHARGE 2

U aSist P iz 18010042526

TR No. 0-6969 A-14 2020-05-28



SOI.ITN REGION/MAIN OFFICE BRYAN
6310 StateH hway 21 West 6310 Hwy. 21 West

( 77807 77807 :
Py (979) 361-2900 DISPATEL! (979) 361-2031 B 0042528
KN'FE FAX: (9?9) 351-2920 FAX: (979) 361-2820
AN MDU RESOURCES COMPANY
i P TRANSPORTATION TNSTITUWIE
ELLIS-MCGINNIS CONSTRUC “47 LF RELLIS CAMPUS RT AT THE
P.D. BOX 4@ [P SIGN BND STOP TAKE A LF 2ND
EDDY P TAKE A RT BOD 2 STOP SIGN D

1in - TAKE s-\ LF [;[J TD M!:]RE CT”F' 51

- WARNING PROPERTY DAMAGE RELEASE Excessive Waler s Detrimental to Concrete Performance.
! mu:mmrmnummmuﬂ Added by Request / Authorized B
IRRTATING TO THE SKINANDEVES | i tvotove s | /() 0Nt 5
' mmm and ﬂm PROLONGED Lyl !

SR mw B | [l he s

i lrritation lm i R euing ot o e e e v e | WEIGHMASTER

1 W'hm any -mm?m domage that may oceur to

GoNcﬁErE I| a PEHBMBLE cuuucnmi and HCOME! Tl OPERTY of the m”ﬂwlﬂlﬂﬂ property, bubdngs, sidswaks, drive-weys, |
msmucnm MuS'rn-TNg.EPHmm the OFFICE Es = WCELLA'I‘IOI:WDNEIM mi’-ﬁi‘murm ?.“&«un'.w:,“a.?&'&m
Tha undarsigned prormisss to pey o eost, Inchading rasmable attormay's eas, icustd n caliecing any | B8 e nublc trst. Furier, 32 addtenal consideration: he undersipred

Al acoounts 1ot pais wiisin 30 days of dellvery wil baar intarest at the rale of 18% per annum | SHENErfarany an
mmwu Resctive Aggregate or Coior Quality. Mo Claim Alowsd Unisss Made s1 Trme Materis 15

SIGNED:
4 $16.00 Sorvice Charge and Loas of the Casn Discount il be Collectad on all Retumed Checka. LOAD RECEIVED BY
Excans Doty Time Charged @ $75.004w, x

X

RETURNED TO PLANT LEFT JOB FINISH UNLOADING ON SITE TESTING AIR TEMP
TESTING LAB: ’
LEFT PLANT ARRIVED JOB START UNLOADING SLUMP CONGRETE TEMP.

L-'//"r [N ' S 7 .
S fie = [Q. O ADDITIONAL CHARGE 1

ADDITIONAL CHARGE 2

TOTAL ROUND TRIP TOTAL AT JOB UNLOADING TIME AR CYLINDERS

GRAND TOTAL

aser dazs” *" M7 3o 215 Bii004252
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61512018 (American Metal Group) Plex Onlfine Reporl Viewer - Brymer, Christopher

Amarican MutalG}mu
el Material Certification

-
AMERICAN METAL GROU? Tel 205.433.6680

Cuslomer PO No: 363758
American Melal Group Order No: 1435
Crder Line: 2
Amarican Metal Group Part Ho: 1QR .445X240
Customer Part Mo: [QR .445X240
Shipped Qly: 19660
Heat: 1821252

Grade: 1008
Counlry of Origin: USA
Nota:
Specification Type |Material Specilication Actual
Chamlstry Carbon (max) 0.06 %
0.4 %

Phosphorus (max) 0.010 %
Sulfur {max) 0.027 %

We hareby cartify thal chamical analysis and/or physical characterislics shown are a trua copy of erignal tesl reporis on fla with us from the
producing sourca cavaring the heat or lot fram which this malenial was laken.

Plax 6/15/18 9:45 AM amg.cbrymer Page 1

TR No. 0-6969 A-16 2020-05-28



@ STELFASTINC. Y

22979 Stelfast Parkway
Strongsville, Ohio 44149

CERTIFICATE OF CONFORMANCE

DESCRIPTION OF MATERIAL AND SPECIFICATIONS
. Sales Order #: 192453
*  PartNo: DUSZP07500
Quantity (PCS): 200
: Description: 3/4 U.8.S Flat Washer ZP
2 Specification: ASME B18.21.1
> Stelfast LD. NO:  695797-0203501
Customer PO: 33629
< Warehouse: HOU

. ROHS Compliant: Y

The data in this report is a true representation of the information provided by the material supplier
certifying that the product meets the mechanical and material requirements of the listed
specification. This certificate applies to the product shown on this document, as supplied by
STELFAST INC. Alterations to the product by our customer or a third party shall render this
certificate void.

This document may only be reproduced unaltered and only for certifying the same or lesser quantity
of the product specified herein. Reproduction or alteration of this document for any other purpose
is prohibited.

Stelfast certifies parts to the above description. The customer part number is only for reference
purposes.

David Biss
Quality Manager

February 23, 2018 Page 1 of 1
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Stelfast Inc. Report of Chemical and Physical Properties
22979 Stelfast Parkway

Strongsville, Ohio if u

44149

®

Issued To: Mack Bolt, Steel & Machine

5875 Hwy 21 East Purchase Order: 33998
BRYAN, TX Stelfast Order: SO 198097
77808

Certificate #: 668,670

Quantity: 3,500 . Lot Number: 1701237
Part #: DMLAZY05000 Heat Number: 6208770BB
Description: 1/2 Helical Med Split L/W Alloy ZY Country of Origin: CN

Chemical Analysis
C Mn P ) Si Cr Mo V B Ni Cu

0.4 0.68 0015 0.003 0.16 099

Mechanical Properties
Hardness (Core) 40.0-41.5 HRC

We hereby certify that the above data is a true copy of the data furnished to us by the producing mill or the data
resulting from tests performed in approved laboratories. Stelfast does not certify to customer's part numbers.

This certificate applies to the product shown on this document, as supplied by Stelfast Inc. Alterations to the
product by our customer or a third party will render this certificate void.

David Biss
Quality Manager

May 24, 2018 Page 1 of 1
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BURFAL VFRITAS
Cartifizaan

MANUFACTURER GEM-YEAR INDUSTRIAL CO.. LTD.
ADDRESS : NO.8 GEM-YEAR

ROAD E.D.Z. JIASHAN ZHEJIANG P.R.CHINA
PURCHASER : PORTEOUS FASTENER COMPANY.
PO. NUMBER : 12051557
COMMODITY : A325 STRUCTURAL BOLT
SIZE : 3/4-10X3-12 NC
LOTNO: 1B1260886
SHIP QUANTITY : 1,800 PCS
HEADMARKS : A325 & GENIUS SYMBOL

A323 TYPEI

COUNTRY OF ORIGINAL : CHINA

GEM-YEAR TESTING LABORATORY
CERTIFICATE OF INSPECTION

| Tel: (0573)84185001(48Lines)
Fax: (0573)84184488 84184567
DATE : 2012/11/09

PACKING NO : GENM121024007

| INVOICE NO: GEM/PFC-121105 DA-]

PART NO: 00152-3232-024

SAMPLING PLAN : ASME B18.18.2

HEAT NO : 331201962

MATERIAL : 10B33

FINISH : HL'T. HOT DIP GAL PER ASTM
ALS3/ASTM F2320

_PERCENTAGE COMPOSITION OF CHEMISTRY :

[ Chemistry 8% ' C% [ Mn% . P% [
Spec. :MIN.| 0.0008 02000  0.7000 | |
_ MAX| 00030 | 0.3800  1.0000 | 0.0300
TestVale | 0.0020 03300 08200 00170

DIMENSIONAL INSPECTIONS ;
TESTDATE : 201200929

INSPECTIONS ITEM  SAMPLE
THREAD LENGTH T iapes
MAJOR DIAMETER 3PCS
BODY DIAMETER 3PCs
WIDTH ACROSS CORNERS IPCS

|HEIGHT apcs

| NOMINAL LENGTH 13PCS
WIDTH ACROSS FLATS
SURFACE DISCONTINUITIES

| THREAD

13PCS
18PCS
3PCS MIL-5TD-120

MECHANICAL PROPERTIES : ACCORDING TO
TEST DATE : 20120916

INSPECTIONS ITEM
CORE HARDNESS

TENSILE STRENGTH

_SAMPLED BY : WANG YUN

""_s'éﬁPLE' TESTMETHOD REF

13 Pl:'b' ASTM F606 F606M

8% | Si% |

0.0300 0.4000
0.0070 0.2100

~ SAMPLING DATE : 2012/09/29

TESTMETHOD REF  SPECIFIED ACTUAL RESULT ACC. REJ.
MIL-STD-120 3506 | 37.02037.190MM 13 0
MIL-STD-120 18.680-19.010 MM 18.700-18710MM 3 0
MIL-STD-120 18.520-19.500 MM 18.610-18640 MM 3 0
MIL-STD-120 36.130-36,650 MM 2612036170 MM 3 0
MIL-$TD-120 11.560-12.260 MM 12.010-12020 MM 3 0
MIL-5TD-120 §3,080-88.900 MM S5.610-85.640 MM 13 0
MIL-§TD-120 30.790-31,750 MM 3091030960 MM 13 ©
ASTM F812 PASSED 18

i . nut PASSED kK [{]
ASTM A328
SAMPLED BY : ZHANG YA QIANG SAMPLING DATE : 20120016
IETHOD REF  SPECIFIED ACTUAL RESULT  ACC. REJ.
18PCS ASTM FG06F606M | 2534 HRE 2931 HRC 18 0 |
Min. 120 KST 122.1290K81 13 0

ALL TESTS ARE IN ACCORDANCE WITH THE METHODS PRESCRIBED IN THE APPLICABLE ASTM/SAE/ASME/MIL-STD-120
SPECIFICATION, WE CERTIFY THAT THIS DATA IS A TRUE REPRESENTATION OF INFORMATION PROVIDED BY THE

MATERIAL SUPPLIER AND OUR TESTING LABORATORY.

THIS CERTIFIED MATERIAL TEST REPORT APPLIES TO THE SAMPLES TESTED AND IT CANNOT BE REPRODUCED

EXCEPT IN FULL.

M
i) -~
Vo
Yo 4)/
/ P,
L ’

SIGNATURE :

page 1 of 1
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NINGBO DONGXIN HIGH-STRENGTH NUT CO.LTD

TEST CERTIFICATE (EN 10204.3.1)

TEL:0086-574-86631750 FAX:0086-574-86531751 www.d-x.com.cn dongxin@d-x.com.cn
P/O NO.: B16100374 ‘ QTY(MP):  33.75 ‘ INVOICE NO: 17075DX228-018
Customer: Product Description:
BRIGHTON-BEST]
INTERNATIONAL| ASTM A194 2H Heavy Hex Nuts
Specification:  3/4"-10 TIO:0.51 Lot#: 1610DX228-0242
Material: 45K l Surface Finish: HDG Heat No.: J11604926
Mark: DX, 2HZN Part Number: 313200
Chemical Composition
Specification: ASTM A194-16
Element c Mn P S Si
Requirement 20.40 £1.00 =0.04 =0.05 =0.40
Result 0.44 0.69 0.019 0.004 015
Mechanical Properties
Specification:ASTM A194-16
Test liem Standard Results Sampling Test method
Hardness after Treatment
(540°C 24h HRB) MINBS 52-94 5 ASTM E18-14
Rednags hed 24 - 35 27 = 31 4 ASTME18-14
F“"’f foading:  LAF 58450 58736 3 ASTMAGE2/A962M-08
Dimensions
Specification: ASTM/ANSIVASME B18.2.2.10
Test Item Spec. Inspection Results Sampling Rej Remark Test method
Widthacrossfiats|mm) 30.78 - 31.75 31,24-31.42 125 0 oK e
Widthacrossangleimm) 35.10 - 36.65 35,80-35.97 125 0 oK R
Height{mm) 18.03 - 19.25 18.52-18.72 125 0 oK S
Somige Go Go 125 0 oK ASTM B1.1-02
No-Ga NO GO NO GO 125 a OK ASTM B1.1-02
Appeamnce oK oK 125 0 oK ASTMF812-07
MACROETCH
Division Surface Condition Random Condition Center Segregation Spec. Of test method
Spec. 52 R2 c3
ASTM E381
Results 52 R2 c3
AT O T TP T e
NOTE: Test Standards:ASTM A194/A194M-2016/ WAF TO DIN934-1987 H=D (HEIGHT=1 DIAMETER) Standard Specification for Carbon
and
Alloy Steel nuts.

Quench at 830°C about 80 minutes, Tempering at 550°C about 80 minutes

We hereby certify that all the above results are original from our actual testing, and the products have proved to comply with the

relevant stand

ards.

Signed on Behalf of Ningbo Dongxin High- Strength Nut Co., Ltd. Date:2017.02.27

(2)
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: MTR # M1-169180
NUCOR Mill Certification NUCOR §* €61 JACRGON e

v 3630 Fourth Streef
NUCOR STEEL JACKSON, INC. 711312018 Fluwmd?'r\ls 39232
601‘939—1623
Fax: (601) 936-6202
Id To: TRIPLE S STEEL Ship To: TRIPLE S STEEL
= PO 9 Y 6000 JENSENDR |
HOUSTON, TX 77226 HOUSTON, TX 77026
713) 697-7105 L:H 3) 697-7105
ax: (713) 897-5845 ax: (713) 687-5945
Customer P.O. | HOU-181268 Sales Order | 351653.4
Product Group | Merchant Bar Quality Part Number | 537502002400 V0
Grade | AJG/AS29GRS0/CSA44WISOW Lot# | Jw1810486001 e
Size | 3/4x2" Flat Heat# | JW13104860
Product | 3/4x2" Flat 20 A36/A529-50/44W/S0W _. B.L. Number | M1-451203
Description | A36/AS29-50/44W/50W Load Number | M1-169180
Cuslomer Spec Customer Part #

! heredy cerlify that the material described herein has been manuiactured in sccordance with the specifications and standards listed above and ihal it sansfies those requiraments.

Roll Date: 5/26/2018  Melt Date: 5/21/2018  Qty Shipped LBS: 4,900 Qty Shipped Pcs: 48

ASTM A36/A36M-12, AT09/709M-13 GR36, ASME SA36-10 Ed 11 Ad.
ASME SA36-2010 EDITION-2011 ADDENDA
ASTM ATOS/ATO9M-13 GR 36 [250]

c Mn P 8 Si Cu Ni Cr Mo V' Ci
0.12% G:82% 0.010% 0.032% 0.21% 0.23% 0.12% 0.12% 0.047% 0.0398% o.of

0

Yieid 1: 54,600psi Tensile 1: 71,900psi Elongation: 21% in 8%
Yield 2: 54,200psi Tensile 2: 71,700psi Elongation 23% in 8"

win 203.3mm})

+in 203.3mm)

g%acilicaﬂon Comments: MEETS THE REQUIREMENTS OF: ASTM A36/36M, ASTM A529/A528 GR50 ASTM A709/709M GRIGIGRS0
44W(300W)YGRS0W(350W) AASHTO M270/M270M GR36 ASME SA38/SA36M MEETS THE EN10204 SEC 3.1 REPORTING REQU'

é?%l.EgMNUFACTURING PROCESSES OF THE STEEL MATERIALS IN THIS PRODUCT, INCLUDING MELTING, HAVE OCCURRE! «
2. ALL PRODUCTS PRODUCED ARE WELD FREE. '
3. MERCURY. IN ANY FORM, HAS NOT BEEN USED IN THE PRODUCTION OR TESTING OF THIS MATERIAL.

3A G40.21
‘EMENTS

'NITHIN THE UNITED

P r
Grant Etheredge
NEMG-10 Octobar 1, 2017 Division Metallurgist ‘age 1 of 1
L .
2020-05-28
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ArcelorMittal Bumns Harbor Plate
REPORT Q‘I.‘]-'YEQ'F”&ND ANA%I‘LBES
SHIPPED CAR OR VEHICLE NG
07-16-18
I P

SHIPMENT N2
BGA-10830

MYRE ] PAGE 1

T
L STEEL DISTRIBUTORS LT
fOUSTON PRIME STOCK
11310 W LITTLE YORK RD
HOUSTON TX 77041

} [ RIBU
11310 W LITTLE YORK RD
PO BOX 41041

5
H
;
HOUSTON TX 77241-104] L

INCHES INCHES INCHES POUNDS PsSI PSI IN % s
QUALITY STEEL MELTED & MANUFACTURED IN THE U. 5, A,

PLATES - AASHTO M270-15 GR 50 KLD FINE GRAIN
PRAC NO IMPACTS REQUIRED TYPE 2,
ASTM A709-13a GR 50, ASTM A572-06
GR 50, ASME sas72 GR 50 2013
EDITION
MFST - MFST MILL SERIAL# & PATTERN# M
GHB820-4412A LIpT MAX 15 Tow-
UNLDG FORK LIFT-SIDE FOR ULT
R

LATE
Co# WLY-21710

FST PROC ON
SIZES & GRADES SEP
IMATE DELIVERY

GH 353-2276a
823B51780 1 .g7s g6 240 5717 56400 83300 8 25
56800 83600 8 25
J06236601
823B61780 1 g7 96 240 5717 56400 83300 g 25
56800 83600 8 25
J06236602
B23B61780 1 .g7s 96 240 5717 56400 83300 8 25
56800 83600 8 25
J06236604

O-QUENCH TEMPERATURE T-TEMPER TEMPERATURE N-NORMALIZE TEMPERATURE

CHARPY F
ENERGY F'T LBSI SHEAR(%) [uLEw MILS
3 ) 2

3 1 2 3 3

823861780 .17 1.21 .021 .004 -268.018

| certify that the abeve mham-nwmmmmdmmmmiw in tecords mantained by ArceloVittal Bums mmwwiummplhmm!h
fequirements of the specification cited above. Thhhﬂmmbummmm be wmnsmitted intact wit :nys:hqummhupmymm F required, b
BHPLTRPT TIF

ANDREW SMITH,. ELJ
SUPY QuaLITY ASSURANCE



Certificate of Mill Test Results
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A% i3

PIO No.: . D-HOU-178825 AA 2 W A
8 A58 A 0080 DoNG - 4 STERL €0, LD
dddx
Date of Issue : 2018.05. 21, T + Head Office :
INSP ECTION CERTIF ICATE BusanBank Sasang Industrial Compler on the 2nd floar
ER R 901, Nakdong-daera, Sasang-gu, Busan, Republic of Kore
Cerfficalate No.: K- 18-09-04-2 F27 + Seoul Office : 507-1, Sifma Inaestr ial Complex na,
Customer : DOSCO AMERICA, INC. Jungwang-dong, Siheung City, Gyeanggi, Korea
M & 9  ERWSTEEL STRUCTURAL *+ Taegu Office * 1767, Sengyok-dong, Buk-qu,
Commaodity TUBING Fe0 Taegu, Korea
- Shipper :
HE 14 * Gwengyang Factory : 1653-12, Taein-dong,
Spec. & Type:  ASTN AS00 Gr.8/C (REV. 2013) Guwangyang City, jeonranem-do, korea
4% TTic?« & 34 9 éTc:i{I" Fensi%eﬁh‘lm] ﬂwl BENN | X i i Y2
Slze i Length|  ProductMo. | Qua- Len:h tp TS\ E.L Bending | Flaltening | Surface Chemical Composiion (Max.) Heat No. ek
(inch) fnch) {f) Lot M) ity M P ®) Test Tesl | Treatment ¢ g i 5 g {Col No.)
50000 62000 21 020 - 14005 0045
3% 310250 24 (JCCI3PIIDVONT 25 600 56812 71774 25 t Good | Oded 01830 0.014 0440 0.0135 0.0035 | SPaaosn
5 x 30250 20 |Jccosrgiovoar| 20 400( 6812 71714 25 = Good | Oiled 10,1830 0,014 0440 00135 0.0035 | SPasoso
§ x 30250 20 |JCCoaPaIDVON2 2 400 56812 71774 25 & Good | Offed [0.1830 0014 0440 0.0135 00035 | SPoazsn
5 x 3)0250| 20 |JCOD8PY1DVAO] 20 400) 56812 717714 25 S Good | Oled [0.1830 0014 0440 00135 0.0035 | SPag2s0
5 ox 30250 20 |JCCOSPOIDVOM4 20 400( 56812 71TT4 25 n Gocd | Oied 01830 0,014 0440 00135 00035 | Spagosn
§ x 310250 2 JoCoers1Dvoos| 20 400( 56812 71774 25 = Good | Ofed |0.1830 0014 0440 00135 00035 | SPos2en
6 x 20250 24 [JCCI0PSIEV0DS 15 360 56812 71714 25 Good | Oiled |0.1830 0014 044p 00135 0.0035 | SP9g2s0
6 % 20250 24 [JCCI0P51EVI09 15 J60| 56812 71774 25 & CGood | DOied |0.1830 0014 0440 0.0135 00035 | SPagesn
6 x 200250 JCCIOPSIEVDIO| 15 30| 56812 71714 25 = Good | Oiled |0.1830 0.014 0440 00135 0.0035 | SPugos0
6 x 2 (0250 24 |Jocaoesievont 15 360) 56812 Ti774 25 = Good | Ofed |0.1830 0.0t 0440 00135 00035 | SPages0
6 x 2|0250| 24 [JOCI0PSIEVDI2 15 J60| 56812 71774 25 o Good | Oild |0.1830 0.014 0440 0.0135 0.0035 | 5P98280
6 x 2[0250) 24 JCCIOPSIEVDIZ| 15 360( 56812 M7I4 25 & Good | Olled |0.1830 0.014 0440 00135 00035 | SPUsog0
6 x 2[0250| 24 |JCCI0PSIEVDI4 15 360 56812 71774 25 o Good | Old |0.1830 0.014 0440 0.0135 0.0035 | SPaog0
6 x 2(0250] 24 [JOCI0PSIEVOLS 15 J60) 56812 71774 25 = Good | Oled 101830 0014 0440 0.0135 0.0035 | SPas2s0
6 x 2[020) ICC30PS1EVDIE] 15 J60| 56812 T1774 25 # Good | OQiled |0.1830 0.014 0440 0.0135 0.0035 | SPIg2s0
6« 20250 24 |JCCaorsiEvDi7| 15 360) 56812 774 25 = Good | Oied |0.1830 0.014 0440 00135 00035 | SPugzao
6 x 20250 40 |JCCa0PSIEV0IG) 12 480| 56812 71774 25 = Good | Oded [0.1830 0014 0440 0.0135 0.0035 | SPag280
6 x 210250/ 40 JCC30P51EV020| 12 480 56812 T4 25 - Good | Oiled (01830 0,014 0.440 00135 0.0035 | $P9s2R0
6 x 20250 40 [JCCaopsiEvnot 12 480 56812 71774 25 E Good | Ofed |0.1830 0014 0440 00135 00035 | SPog2sg
6 x 20250 40 |JCCI0PSIEV022 12 4801 56812 7174 25 st Good | Oied 01830 0014 0440 0.0135 0.0035 | SPasesn
6 % 20250 40 [JCCAOPSIEVD23| 12 480( 56812 74 25 = CGood | Oled |0.1830 0014 0440 00135 0.0035 | SPos2s0
Surveyor To:

ZHEE 22 129 Nzl gl s2e022 Sy
e essby certly that the material has been mads in accordance with
Test Certificate s issued according to EN10204 3.1,

e order and speciication,

Cogoney-

Manager of material testing section YEQ G.Y
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A3. MASH TEST X-XX (CRASH TEST NO. 469469-1)

A.3.1. Sequential Photographs
Table A.1. Vehicle Properties for Test No. 469469-1.

Vehicle Inventory Number:; 1355
Date: 2018-10-17 Test No.: 469469-1-1 WIN No.: IHTMMAAXXEH388433
Year: 2011 Make: INTERNATIONAL Model: 4300
Odometer: 142106 Tire Size Front: 275/80R22.5 Tire Size Rear: 275/80R22.5
= B -
- T -
N

=
——

Vehicle Geometry: inches or I mm
A Front Bumper K Rear Bumper

Width: 95.00 Bottom: U Cab Length: 106.00
L Rear Frame WV Trailer/Box
B Overall Height: 146 Top: 37.00 Length: 223.00
M  Front Track
C  Overall Length: 328.25 Width: 8000  w @Gap Width: 3.00
X Overall Front
D Rear Overhang: 87.50 N Roof Width: 71.00 Height: 98.50
¥ Roof-Hood
E Wheel Base: 204.75 0O Hood Height: 59.00 Distance: 30.00
P Bumper Z Roof-Box Height
F  Front Overhang: 36.00 Extension: 1.00 Difference: 35.00
Q Front Tire AA Rear Track
G C.G. Height: Width: 39.00 Width: 73.00
H C.G. Horizontal R Front Wheel BE Ballast Center of
Dist. w/Ballast: 127.07 Width: 23.50 Mass: 62.50
| Front Bumper 5 Bottom Door CC  Cargo Bed
Bottom: 19.00 Height: 37.50 Height: 60.00
J  Front Bumper
Top: 34.00 1 Overall wWidth: 96.00
Allowable Rﬂl‘lg&f C = 304 inches max.; E = 240 inches max.; CC = 51 #2 inchea; BB =63 #2 inched above glOIJI'Idf
Wheel Center Wheel Well Bottom Frame
Height Front 19.00 Clearance (Front) 9.00 Height (Front) 25.50
Wheel Center Wheel Well Bottomn Frame
Height Rear 19.00 Clearance (Rear) 5.25 Height (Rear) 27.00
More information needed on next page —)
TR No. 0-6969 A-29
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Table A.2. Measurements of Vehicle Vertical CG for Test No. 469469-1.

Vehicle Inventory Number: 1335
Year: 2011 Make: INTERNATIONAL  podel: 4300
WEIGHTS
(Mo or kg ) CURBE TEST INERTIAL
W":ﬂt mxla ?240 8430
W'\car anle 6950 1 3?90
WraTaL 14190 22220

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

Ballast: 8030 #ib or[Oka)
Mass Distribution
(it or Clkg ): LF: 4110 RrRE: 4320
Engine Type.: MAKK FOR'CE
Engine Size: 466
Front:

Transmission Type:

Auto or [ Manual Center:

1 FWD _[#] RWD | 4WD Raar:

NOME

Describe any damage to the vehicle prior to test:

(az-nesded)
[See MASH Section 4.2.1.2 for recommended ballasting)

Lr: 7110

rR: 6680

Accelerometer Locations ( Mlinches or [ mm )

x' y z?
127.00 0.00 50.00
227.00 0.00 50.00

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

attachment:

BLOCK 1 H30" W 60" L30"

BLOCK 2 H30" W 60" L30"

CENTERED IN MIDDLE OF BED

62.5 FROM CENTER OF BLOCK TO GROUND

4 5/16" CABELES PER BLOCK

Performed by:  SCD

Date:

' Referenced to the front axle

I Above ground

TR No. 0-6969 A-30

2018-10-17

2020-05-28



Table A.3. Exterior Crush Measurements of Vehicle for Test No. 469469-1.

Vehicle Inventory Number: 1355
Date: 2018-10-17 Test No.: 469469-1-1 VIN No.: IHTMMAAXXBH388433
Year: 2011 Make: INTERMATIONAL Model: 4300
Mileage: 142106

Please shade damage areas and note type of damage.

Driver's Side Passenger Side

g@ ® N
E - ’ | =

9= L0 — (0}

ﬁ CD
- CD ‘
— - - —&— - - O O
i CD
=0 CD

11— 1

List vehicle damage:

FTBUMPER Max Exterior Crush: 14.00 jnches
HOOD Location: FT LT CORMNER

LT HEAD LIGHT Max Interior Deformation: 550 inches
LT FT TIRE & RIM Location: FT LT CORNER OF FLOOR PAN

LT FT SPRING & U-BOLTS

LT SIDE STEP

LT FT CORNER OF FLOOR PAMN
LT FT CORNER OF BOX
LT REAR OUTTER TIRE & RIM

Performed by: SCD Date: 2018-10-17

TR No. 0-6969 A-31 2020-05-28



A.3.2. Sequential Photographs

0.000 s

0.100 s

0.200 s

0.300 s

Figure A.1. Sequential Photographs for Test No. 469469-1 (Overhead and Gut Views).
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0.500 s

0.600 s

0.700 s

0.800 s

Figure A.1. Sequential Photographs for Test No. 469469-1 (Overhead and Gut Views)
(Continued).

TR No. 0-6969 A-33 2020-05-28



e N
0.600 s 0.700 s
Figure A.2. Sequential Photographs for Test No. 469469-1 (Rear View).
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A.3.3. Vehicle Angular Displacement

Roll, Pitch and Yaw Angles

20

\//_/“\yﬂ\
10
»
© I—
o 0
5 —— —
= \\ — P
2 10
é \
-20 ] —
-30
0 0.1 02 03 04 05 06 0.7 08
Time (s)
[— Roll_— Pich — Yaw |
Test Number: 469469-1 Axes are vehicle-fixed.
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Inertial Mass: 22,220 Ib 3. Roall.

Gross Mass: 22,220 |b
Impact Speed: 56 mi/h
Impact Angle: 14.0 degrees

Figure A.3. Vehicle Angular Displacements for Test No. 469469-1.
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A.3.4. Vehicle Acceleration
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Test Article: C1W

Test Vehicle: 10000S Box Van
Inertial Mass: 22,220 Ib

Gross Mass: 22,220 Ib

Impact Speed: 56 mi/h

Impact Angle: 14.0 degrees

Figure A.4. Vehicle Longitudinal Accelerometer Trace for Test No. 469469-1
(Accelerometer Located at Center of Gravity).
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Figure A.5. Vehicle Lateral Accelerometer Trace for Test No. 469469-1
(Accelerometer Located at Center of Gravity).
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Impact Speed: 56 mi/h

Impact Angle: 14.0 degrees

Figure A.6. Vehicle Vertical Accelerometer Trace for Test No. 469469-1

(Accelerometer Located at Center of Gravity).
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APPENDIX B. TXDOT MODIFIED C66 BRIDGE RAIL

DETAILS OF THE MODIFIED C66 BRIDGE RAIL
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lBRlT:TING I:':E'SKIN wﬁl:ﬂ EYES E :! o erm“% 1 u;.‘m:n i‘ﬁ%}}ﬁmﬂ"‘ﬁ o
CONAET o Y GAUSE BURNS, Avoid Gortact Wilh Eyes an GORMBEE | proodry e plces e Mt i kad woere you desi 1. 11 00r GAL
o BarsiatsBey Medical Atriion KEEP CHILDHEN AWAY. muﬂ';':fmm ""s'.f“ "‘a oS ﬁ”"?«.‘;"ﬂ: £ [ WEIGHMASTER
supplier f il Immaemnm occur to the
ENCIET A CERAE SoMnT s SR Pty | EER e S LR B |y ; oy
«l
TN MUST e T ERHONED 10 6 GFFIGE BEFOAE LOABING Siat el i e mut rom s weais b wehiie 5o iha e i hank you for your business
The undecsgued romass 0 pay a cow, ckeing s fees, incrred in coilect ”;us g‘:’;m uther. 35 m“"“‘m""mm"wmm mls'-uu:?am et e .

LOAD RECEIVED BY

X

M e
RETURNED TO PLANT LEFT JOB FINISH UNLOADING ON SITE TESTING IR TEMP AMT
TESTING LAB: Ticket Total
G T
LEFT PLANT ARRIVED J0B START UNLOADING SLUMP CONCRETE TEMP. iy

C J \ / %, ADDITIONAL CHARGE 1

TOTAL ROUND TRIP TOTAL AT JOB UNLOADING TIME AIR CYLINDERS ADDITIONAL CHARGE2
Truck Driver User bisp Ticket Num Ticket ID Time Date
390070 579258 user 20015412 15345 8257 ﬁgné%2?3
Load Size Mix Code Returned oty Mix Age Seq B
4.00 CYDE 39CLSCMT D
bt Design Oty Fepired Batched % % M oishse Achusl wal
CEMENT Ll T 224000 W Zm b -080F%
aAND 13385 b 697 s b 1.45% &SP M ag
LW T 135 b =41 o 5480 b 0% QA79%M Sp ;
CORAVELSE =0 b 30 b 1590 b 1.9 1.50%M 4
WATER F- - R 425 it A2 b 07 L ]
POZZA0 T . 146100 = 14500 = 0.0
Actusi hum Balchex i
Lowd 15803 o Design vWiC: VL] VvaleriCement: nass T Casm inp g A clusl .2 g ToAdd 9% o
Sl S0 in #  Wale in Tk ap g Adjusi Waber 00 g /Lom Trim Waler: -0 @7 O
Achs WiC Rele: 0380 AchUm Wistes i g Bsiched Cemart nn |h Allowabie vwoler: 157 g C{L( J':"'
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so nEolomMAm OFFICE
‘g?way 21 West
{ 77807
: PH (979) 361-2900

KN IFE FAX: (979) 361-2920

AN MDU RESOURCES COMPANY
Riverbend

TUCKER CONSTRUCTION
7425 MIZE RD
BRYAN

RB 0024388

TTI C66 MODIFIED RAIL
LF 47 LF INTO RELIS CAMPUS STAY
RT AVE D TAKE A LF AND GO THRU
THE SECURITY GATE(CODE 17965#)
STRAIGHT TO JOB BY THE RUN WAY

WARNING
IRRITATING TO TI'E SKIN AND EYES
mw 0 Qoment, Wess Bubber B and Gloves. PROLONGED

With Skin, In Gase chﬁgmm With Skin o M Wﬂf
it Irritation P, EN AWAY.
CONCRETE is a PERISHABLE COMMODITY and BECOMES THE PROPERTY of the
PLIRGHASER LIPOMN LEAVING the PLANT. ANY CHANGES or CANCELLATION of ORIGINAL
INSTRUCTIONS MUIST be YELE’NONE)H! the OFFICE BEFORE LOADING stans.

aliormey's foes. incured in atecting any

sums owad.
All accounts nal pid within 30 days of delivary will bear intorest at the 1aie of 18% par annum
Nmﬁmmruuuanna . No Claim M a
A $15.00 Senice Charge and Logs of the Cash Diseoust will Ba Colected on a1 Rahenad Chacks
Excess Deiny Time Charged @ 57500

4.50 Cy 39CLSCMT TXDOT

CLASS

PROPERTY DAMAGE RELEASE Excessive Water is Delrimental to Concrete Performanca,

(70 BE SIGNED IF DELIVERY T0 BE MADE INSIDE CURB LINE} H,0 Added by Request / Authorized By:
ot S 5 e e ot oy
) D Fase damge o the e A ot GAL X

:i:"n;mmumw:ngnmm but in order 10 do Whis the WEIGHMASTER

Mﬂw[mm

RETURNED TO PLANT LEFT JOB FINISH UNLOADING ON SITE TESTING AR TEMP=x |
i ; Prev| AMT
=SNG Eab, Ticket Total
LEFT PLANT ARRIVED J0B START UNLOADING SLUMP CONCRETE TEMP. Gr:nT Total
e /7 1 ADDITIONAL CHARGE 1
TOTAL ROUND TRIP TOTAL AT JOB UNLOADING TIME AR CYLINDERS ADDITIONAL CHARGE 2

Truck ™ = Driver ~ D8eF l‘l1 sp Ticket Num Ticket ID Time ~Date
390121 511322 user 20015519 15450 138 0&#’952?4388
Load Size Mix Code Returned gty Mix Age Seq

4.50 CYDE 39CLSCMT

M sterial Destgn Gy Beiched %V BMoisise  Aclus wal

CEMENT Se0.00 o 258000 I > 138%

SAND 1335 b 6530 Ip 1.590°96 T.95%: M L ]

LMETT 1393 o Iﬂ\n 1'.; aTrs (8 1] -5 ]

GRAVELST =) P LM% i 3@

Wi TER o) Sis i 0% &g

POIZHN ¥ = 18400 ox N1%

Achus P Balches ]

Load 1#0E » Deshgn viiC: a5 VemenCement oan T Design 1381 g Acts 178 g ToAd E3 g
Blurng: SO0 n #  Wales InTruck a0 g Adius Viater: 00 9 /load Trim Visler: =20 g/ (=14

Aciual YWiC Ralle: 0414 Aciusl vigler 128 g Batcned Cement 550 b Allowable Visler % g
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09-1 9-2013 03:00 Load - 3143664 BL - 3850230 BLR466
Custom Fabricators Heat - A803638
Cust. PO - PAULS ORDER Order-Line - 16565801 /1

+'¢¥» EXLTUBE

1000 BURLINGTON STREET, NORTH KANSAS CITY, MO 64116 1-816-474.5210 TOLL FREE 1-800-892-TUBE ‘
STEEL VENTURES, LLC dba EXLTUBE

Certified Test Report

Cuislemes Sizn Caustomer Order No Dt |
Kloeckner Metals Corp-Roswell 02.875 7288878 070212018
LS G (i wxB83197174 I
500 Colonial Cenler Parkway #500 o1 RO
ROSWELL GA 30076-8853 203 Load o 4043461
N
Specificalion: |
ASTM AS00-13 Gr BIC, ASTM AB3-12 Gr B BNT®. ASME SA53 Gr.B BNT*

| Heat Mo Yield Tensile Elangation |
K5I KSI % 2 Inch
ABO3638 722 804 26.00
| Heat No {23 MM P 5 Sl cu NI CR MG v
AB03638 0.0600 05500 0.0080 0.0040 0.0200 0.1400 0.0400 00600 0.0200 0.0010

This material was melted & manufactured in the U.S.A
Coil Producing Mill: STEEL DYNAMICS COLUMBUS, COLUMBUS, MS

We hereby cerify that all test results shown in this repor are correct as conlained in the records of our company. Al lesting and manufaciunng is in
accordance (o A.5.T.M. parameters encompassed within the scope ol the specifications denoled in the specification and grade liles above.  This product was
manulactured in accordance with your purchase order requirements

BNT=Grade B not pressure tested - meels lensile & chemical properties ONLY

This material has not come into direct contact with mercury, any of its compounds, or any mercury bearing devices during our manulacluring process. lesting,
or inspectians.

This material is in compliance with EN 10204 Seclion 4.1 Inspection Certificate Type 3.1
This material has passed NDE (eddy current. A309) lesting. This malerial has passed llallening tests

Tensile test completed using test specimen with 3/47 reduced area
STEEL VENTURES, LLC dba EXLTUBE

Jonathan Walfe
Quality Assurance Manager

TR No. 0-6969 B-13 2020-05-28
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The TAPCO Tube Company

10748 South Water Street » Meadville, PA 16335

MATERIAL TEST RESULTS

Sold to: Ship to:

Triple-S Steel Supply Co Triple-S Supply Co

6000 Jensen Drive 8411 Irvington Blvd
Houston, TX 77026 Houston, TX 77022
TAPCO WO# Ship Date PO #

4699 5-8-18 HOU-179847

The below material meets or exceeds the ASTM standard for A500 Grade C— 2.875%.203
HRBEK.

TR No. 0-6969

Heat# Tensile Yield Elongation
213920 68300 56400 29
G Mn P 5 Si Cu Al \' Cr Ti Mo
19 51 012 002 03 100 020 001 05 001 01
Heat# Tensile Yield Flongation
460380 67100 51600 32
c Mn P 5 si Cu Al v Cr Ti Mo \§
17 A6 012 006 017 050 051 002 03 002 01 N

. -‘-“‘“
The below material meets or exceeds the ASTM standard for A500 Grade C— 3.50x.21 6-HRBK. (/\"
Heat# Tensile Yield Elongation \
225044 63632 57021 33 S
[¢] M P s Si Cu Al v Cr Ti M ¢
045 ,un 010 005 01 14 03 048 00 0z 002 .uu0
Heat# Tensile Yield Elongation
0660940 71032 56086 26
[ Mn P s Si Cu Al v Cr Ti Mo
21 90 012 006 159 05 048 002 A3 021 01

-
Tapco Tube Company’s purchasing procedure for raw material is from domestic sources.
All steel used to manufacture the above tube was Made & Melted in the USA.
Manufacturers of TAPCO Round, Square E Phone: 1-814-724-4528
& Rectangular Tube Steel Stock Fax: 1-814-333-6259
B-14 2020-05-28
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CERTIFIED MATERIAL TEST REPORT
FOR ASTM A194/A194M-10a GRADE 2H HVY HEX NUTS

FACTORY: NINGBO HAIXIN HARDWARE CO._LTD. DATE: AUG.08.201 1
ADDRESS:  XUINGTANG,LUOTUO NINGBO ZHEIIANG 315205
CHINA MFG LOT NUMBER: 1033130006

CUSTOMER: BRIGHTON-BEST INTERNATIONAL (TAIWAN) INC PO NUMBER: U04584
ONTY SHIPPED: 28.800MPCS PART NO: 313150
SAMPLE SIZE : ACC.TO ASMEBI8 . 18.1-02
SIZE & DESCRIPTION: 5/8-11+0.020"(HDG)
STEEL PROPERTIES:
STEEL GRADE: SWRCH45K SIZE: 25mm HEAT NO: 331105231
CHEMISTRY COMPOSITION;
CHEMIST C % Mn % P % 5% Si % Cr% Ni % Cu % Mo % | OTHERS
SPE: MIN MAX MAX MAX MAX

0.40 1.00 0.04 0.05 0.40
TEST: 0.45 0.73 0.009 0.01 0.21

DIMENSIONAL INSPECTIONS

SPECIFICATION: ASME/ANSI B18.2 .2 - B7(R1999)

CHARACTERISTICS TEST METHOD SPECIFIED ~ ACTUALRESULT = ACC.  REL
LR L LR T e YT ) FEREER TR E SRR AR kR A TRt LR AT Pl T ey F RN FEEHEHN A
APPEARANCE ASTM F812-02 PASSED 100 0
WIDTH A/F 1.031 "-1.062" 10421 052" 32 0

" WIDTH A/C 1.175%1,227 11801221 32 0
THREAD ASME B1.1-02 PASSED 8 0
HEIGHT 0.587"-0.631" 0.597"-0.611" 32 0
MARK 2H* LM PASSED 100 0
MECHANICAL PROPERTIES:  TO I-1/2" in SPECIFICATION: ASTM A 194.10a
CHARACTERISTICS TEST METHOD SPECIFIED ~ ACTUALRESULT  ACC.  REJ
EEEERAERRE SR LT RENE S FHREREEATRAERE AR R ERRRAR R kAR R SR HREREREE EhE KRS g
HARDNESS ASTM E18-05 24-35HRC HRC28-30 5 0
PROOF LOAD ASTM F606-07 395501bf 395501bf 5 0
DECARBURIZATION SAE J121 PASSED i 0
HARDNESS AFTER 24H AT 540°C ASTM A194 MIN $0 HRB HRB 92-94 5 0
TEMPERING TEMPERATURE Mind55°C PASSED(520°C)
MACROETCH ASTM E381 SI/R1/C1~S4/R4/CA SR2/C2 5 0

PARTS ARE MANUFACTURED AND TESTED IN ACCORDANCE WITH ASTM A194/A194M-10a
ALL TESTS IN ACCORDANCE WITH THE METHODS PRESCRIBED SPECIFICATION. WE CERTIFY

THAT THIS DAIA IS A TRUE REPRESENTATION OF INFORMATION PROVIDED BY THE MATERIAL

SUPPLIER AND OUR TESTING LABORATORY.

Al parts meet the requirements of FQA and records of compliance are on file.

Maker's ISO#00109Q10593R0M/3302

TR No. 0-6969

&
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F LAB -

(NAME OF MANUFACTURER )

MG, )
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0/0@70%50? 5/5’”—// x/0" hex lead bolts KL

ZHEJIANG LAIBAO PRECISION TECHNOLOGY CO.,LTD
NO.668 DONGHATI ROAD,XITANGQIAO TOWN,HAIYAN,ZHEJIANG,CHINA
TEL: +86-573-86813788 FAX:+86-573-86811201

QUALITY CERTIFICATE

Customer Name : BRIGHTON - BEST INTERNATIONAL (TAIWAN), INC. | Country of origin: I China
INV.NO.: BBT1343 QUANTITY: 2.475 MPcs
P.O.NO.: U36323 TEST DATE: 07.08,2016
S/IC NO.: BBIlI6165 ON BOARD: 07.14,2016

PART NO.: 495106 SIZE: 5/8-11=10
LOT NO.: 1606825501
PRODUCTION DESCRIPTION: HEX HEAD BOLTS UNC HDG
DATE: 06.08,2016

Size: ASMEBI8.2.12012
Material and Mechanical properties: ASTM A307-2014 GR.A

Zinc Coatings: ASTM F2329-13
1.Chemical Composition Of Material ( % )

Sﬁﬁi'};?:?}? _ ( 2';:') c| si| mn P s| c| B| nNi| ar| mo
Q195/183045 16 0.08 [ 0.12 033 0.017 0.018
2.Dimension

INSPECTION ITEM SPECIFICATION RESULT | SAMPLE SIZE

Head Marking LB307A LB307A 1

Width A/F (inch) 0.906-0.938 0.910-0.925 9

Width A/C  (inch) 1.033-1.083 1.040-1.059 9

Head Height  (inch) 0.378-0.444 0.384-0.405 0

Body Dia (inch) 0.605-0.642 0.615-0.622 ¥

Total Length  (inch) 0.820-10.140 9.920-9.945 9

Thread Length (inch) NOM 1.750 1.792-1.823 9

Major Dia (inch) 0.6112-0.6250 0.615-0.622 3

GO Ring Gauge THE NUT OF UNC 5/8-11"""28 OK 3

NO GO Ring Gauge UNC 5/8-11 2A OK ¥

Tensile Strength (Psi) MIN 60000 80380-83165 2

Hardness (HRB) 69-100 84-85 +

Visual OK OK 25

Salt Spray Test / / /

Zinc Thickness (pm) MINS3 58.6-59.1 9

We hereby certify that the material described herein has been manufactured and tested with satisfactory

results in accordance with the requirement of the above material/dimensional specifications.

8 B .-\_'\
_?‘j&, LA

'\QIN YUE ZHU.-
'O.GSuperyisor
IKas
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Stelfast Inc. Report of Chemical and Physical Properties

22979 Stelfast Parkway
Strongsville, Ohio

@ 44149
Winzer Corporation _

> _— . EN33Y

4060 E Plano Pkywy Purchase Order: F03328
PLANO TX 75074 Stelfast Order: SO 144926

Certificate #: 588321

Cust Part No: 308.02.58
Lot Number: GTR15538262A-010
Heat Number: 2922
Country of Origin: CN

Quantity: 1,200
Part#: DHWGA06250
Description: 5/ Hardened Washer F436 HDG

Chemical Analysis
e Mn P S Si €r

0.44 0.55 0.025  0.007 0.19
Mechanical Properties

Core Hardness 32 - 34 HRC
Grade Marking ASTM F436(93)-TYPE |

We hereby certify that the above data is a true copy of the data furnished to us by the producing mill or the data
resulting from tests performed in approved laboratories. Stelfast does not certify to customer's part numbers.

This certificate applies to the product shown on this document, as supplied by Stelfast Inc. Alterations to the
product by our customer or a third party will render this certificate void.

Aurd

David Biss
Quality Manager

September 13, 2018 Page | of |

TR No. 0-6969 B-19 2020-05-28
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B.3.

MASH TEST 3-11 (CRASH TEST NO. 469469-2-1)

B.3.1. Vehicle Properties and Information
Table B.1. Vehicle Properties for Test No. 469469-2-1.
Vehicle Inventory Number: 1360
Date: 2018-10-31 TestNo:  469469-2-1 VIN No.  1CBRDBFTXCS211979
Year 2012 Make: RAM Model: 1500
Tire Size: 265/70 R 17 Tire Inflation Pressure; 35 psi
Tread Type: Highway Odometer: 244565
Mote any damage to the vehicle prior to test:  None
e A
# Denotes accelerometer location. bt 0
NOTES: None W S o S ;fx = o T
.

A M . H——fea . - —Hn T
Engine Type: V-8 T |III \ I. . l
Engine CID: 4.7 liter : - \ Ml Hack

Transmission Type:

] FWD [ RWD _[] 4WD i
-
Optional Equipment: " r_ s
None | E__:_ |
Dummy Data: ' J‘I 1§ _J-' )
Type: 50 PERCENTILE
Mass; 165 Ib I —
Seat Position: IMPACT SIDE
Geometry: inches

Auto  or _[] Manual

—TEST INERTIAL . M
.

A 78.50 F 40.00 K 20.00 P 3.00 u 27.50
B 74.00 G 28.00 L 30.00 (o] 30.50 v 31.25
C 227.50 H 62.26 M 68.50 =] 18.00 W 62.26
D 44.00 I 11.75 M 68.00 s 13.00 ¥ J1.75
E 140.50 J 27.00 0 46.00 T 77.00
Wheel Centar Whael Well Battom Fram
H:E;ht Front 14.75 Clearance {Fm:t} 6.00 Haight - Front 12.50
Wheal Centar Whaal Well Bottom Frame
Height Rear 14.75 Clearance (Rear) 8.25 Height - Rear 22.50
RAMGE LIMIT: A=T8 &2 inches; C=237 &13 inches; E-148 £12 inches; F=33 &3 inches; G = > 28 inches; H = B3 &4 inches: 0=43 34 inchas; [MeN)2=87 £1.5 inches
GVWR Ratings: Mass: Ib Curb Test Inertial Gross Static
Front 3700 Mirant 2960 2792 2877
Back 3900 Mrear 2085 2222 2302
Total 6700 Mratal 5025 5014 5179
- [Alawable Range Tor TiM and GEM = 5000 Ib +110 )
Mass Distribution:
LF: 1364 RF: 1428 LR: 1066 RR: 1156
TR No. 0-6969 B-24 2020-05-28



Table B.2. Measurements of Vehicle Vertical CG for Test No. 469469-2-1.

Vehicle Inventory Number: 1360
Date:  2018-10-31 Test No.: 469469-2-1 VIM: 1CB6RDEFTXCS211979
Year: 2012 Make: RAM Model: 1500
Body Style: Quad Cab Mileage: 244565

Engine: 4.7 liter V-8 Transmission: Automatic
Fuel Level: Empty Ballast: _171 (440 1b max)
Tire Pressure: Front: 35 psi Rear: 35 psi Size: 265/70R 17
Measured Vehicle Weights: (Ib)
LF: 1364 RF: 1428 Front Axle: 2792
LR: 1066 RR: 1156 Rear Axle: 2222
Left: 2430 Right: 2584 Total: 5014
5000 £110 Ib allowed
Wheel Base: 140.50 inches Track: F: 68.50 inches R: 68.00 inches
148 £12 inches allowed Track = (F+Ry2Z = 67 £1.5 inches allowed
Center of Gravity, SAE J874 Suspension Method
X 62.26 inches Rear of Front Axle (63 4 inches allowad)
Y 1.05 inches Left - Right + of Vehicle Centerline
Z: 28.00 inches Above Ground {minumum 28.0 inches allowad)
Hood Height: 46.00 inches Front Bumper Height: 27.00 inches
43 t4 inches allowed
Front Overhang: 40.00 inches Rear Bumper Height: 30.00 _ inches
39 +3 inches allowed
Owerall Length: 227.50 inches
237 £13 inches allowed
Performed by:  SCD Date: 2018-10-31
TR No. 0-6969 B-25 2020-05-28



Table B.3. Exterior Crush Measurements of Vehicle for Test No. 469469-2-1.

Vehicle Inventory Number: 1360
Date: 2018-10-31 Test No.: 469469-2-1 WIN No.: 1CERDBFTXCS211979
Year: 2012 Make: RAM Model: 1500

VEHICLE CRUSH MEASUREMENT SHEET'

Complete When Applicable

End Damage Side Damage
Undeformed end width Bowing: BI X1
Corner shift: Al B2 X2
A2
End shift at frame (CDC) Bowing constant
(check one) X1+ X2
< 4 inches T -

=4 inches

Mote: Measure C) to Cy from Driver to Passenger 5ide in Front or Rear Impacts — Rear to Front in Side Impacts.

Drrect Damage

Specific . . . . . .
Ilf'up.ﬂ-::q' Plane* of Widih** Mux**+* Field b C: b b L b 0
MNumber C-Measurements (CDC) Crush L*=

1 AT FT BUMPER 16 14 24

2 SAME 16 14 54

Measurements recorded

inﬂhrﬁ or ||I11|

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

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

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

**Measure and docwment 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).

#*# 0 feasure and document on the vehicle diagram the location of the maximum crush.

Mote: Use as many lines/columns as necessary to describe each damage profile.

Performed by:  SCD Date: 2018-10-31
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Table B.4. Occupant Compartment Measurements of Vehicle for Test No. 469469-2-1.

Vehicle Inventory Mumber: 1360
Date: 2018-10-31  Test No.: 469469-2-1 VIN No. 1CBRDBFTXCS211979
Year: 2012 Make. RAM Model: 1500
OCCUPANT COMPARTMENT
. DEFORMATION MEASUREMENT
I N Before After Differ.
(inches)
E3 E4 AT 65.00 64.50 -0.50
A2 63.00 63.00 0.00
U= A3 65.50 65.50 0.00
B1 45.00 45.50 0.50
B2 38.00 38.00 0.00
B3 45.00 45.00 0.00
B4 39.50 39.50 0.00
BS 43.00 43.00 0.00
B6 39.50 39.50 0.00
C1 26.00 24.00 -2,00
c2 0.00 0.00 0.00
C3 26.00 26.00 0.00
D1 11.00 12.00 1.00
D2 0.00 0.00 0.00
7 D3 1150 11.50 0.00
- 325 E1 58.50 59.50 1.00
BLa | 36 E2 63.50 64.50 1.00
— | Elmd—|— E3 63.50 63.50 0.00
E4 63.50 64.00 0.50
j — k_:J = £ 59,00 59.00 0.00
G 59.00 59.00 0.00
H 37.50 37.50 0.00
*Lateral area across the cab from driver's side | 37.30 37.50 0.00
kickpanel to passenger's side kickpanel. g 25.00 23.50 150
Performed by:  SCD Date: 2018-10-31
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B.3.2. Sequential Photographs

Figure B.1. Sequential Photographs for Test No. 469469-2-1 (Overhead and Gut Views).
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0.700s L ow il

Figure A.1. Sequential Photographs for Test No. 469469-2-1 (Overhead and Gut Views)
(Continued).
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Figure B.2. Sequential Photographs for Test No. 469469-2-1 (Rear View).

TR No. 0-6969 B-30 2020-05-28



6969-0 ON d.L

Ie-9

8C-50-0C0C

B.3.3. Vehicle Angular Displacement
Roll, Pitch and Yaw Angles
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Test Number: 469469-2-1

Test Standard: MASH Test 3-11

Test Article: Modified C66 Bridge Rail
Test Vehicle: 2270P/ 2012 RAM 1500
Inertial Mass: 5014 |b

Gross Mass: 5179 Ib

Impact Speed: 61.8 mi/h

Impact Angle: 24.3 degrees

Axes are vehicle-fixed.
Sequence for determining -
orientation: —

4. Yaw. V , a
5. Pitch. +
6. Roall.

Figure B.3. Vehicle Angular Displacements for Test No. 469469-2-1.
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B.3.4.

Longitudinal Acceleration (g)

Vehicle Acceleration

X Acceleration at CG

10

-20

-30
0

02 04 06 08 10 12 14
Time (s)

— Time of OIV(0.1029 sec) — SAEClass 60 Filter — 50-msec average ‘

Test Number: 469469-2-1

Test Standard: MASH Test 3-11

Test Article: Modified C66 Bridge Rail
Test Vehicle: 2270P/ 2012 RAM 1500
Inertial Mass: 5014 Ib

Gross Mass: 5179 |b

Impact Speed: 61.8 mi/h

Impact Angle: 24.3 degrees

Figure B.4. Vehicle Longitudinal Accelerometer Trace for Test No. 469469-2-1
(Accelerometer Located at Center of Gravity).
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Lateral Acceleration (g)

Y Acceleration at CG
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Test Number: 469469-2-1

Test Standard: MASH Test 3-11

Test Article: Modified C66 Bridge Rail
Test Vehicle: 2270P/ 2012 RAM 1500
Inertial Mass: 5014 Ib

Gross Mass: 5179 Ib

Impact Speed: 61.8 mi/h

Impact Angle: 24.3 degrees

Figure B.5. Vehicle Lateral Accelerometer Trace for Test No. 469469-2-1

(Accelerometer Located at Center of Gravity).
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Vertical Acceleration (g)
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— 50-msec average

Test Number: 469469-2-1

Test Standard: MASH Test 3-11

Test Article: Modified C66 Bridge Rail
Test Vehicle: 2270P/ 2012 RAM 1500
Inertial Mass: 5014 Ib

Gross Mass: 5179 1b

Impact Speed: 61.8 mi/h

Impact Angle: 24.3 degrees

Figure B.6. Vehicle Vertical Accelerometer Trace for Test No. 469469-2-1
(Accelerometer Located at Center of Gravity).
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B.4. MASH TEST 3-10 (CRASH TEST NO. 469469-2-2)

B.4.1.  Vehicle Properties and Information

Table B.5. Vehicle Properties for Test No. 469469-2-2.

Vehicle Inventory Number: 1338
Date: 2018-11-28 Test No.: 459469-2-2 VIN No.: KNADH4AIBBET 36630
Year: 2011 Make: Kia Model: Rio
Tire Inflation Pressure: 32 psi Odometer: 123920 Tire Size: 185/65R14

Describe any damage to the vehicle prior to test:  None

i e — R i
® Denotes accelerometer location. i - ] =T J | i
|
NOTES: MNone [
A J | e | U ]
|
i ! I'" X | . — — _I:_— ; '
Engine Type: 4 cylinder L 5 ——— e '
Engine CID; 16L
Transmission Type: O3t o
Auto  or Manual - R | R !
FWD [1 RWD _[] 4wWD i | _____,::i _ R —
Optional Equipment: i 8l
5 AN
s )=
T o
Dummy Data: i
Type: 50th percentile male ™ e = U
Mass: 165 |b : = L .
Seat Position: IMPACT SIDE B o
Geometry: inches
A B66.38 F 33.00 K 12.25 P 412 J 15.00
B 51.50 G L 25.25 Q 22.50 W 20.75
c 1685.75 H 35.80 M 57.75 R 15.50 W 35.80
D 34.00 | 7.75 N 57.70 S 8.25 x 108.00
E 98.75 J 21.50 o] 28.25 T 66.20
Wheel Center Ht Front 11.00 Wheel Center Ht Rear 11.00 W-H 0.00
RANGE LIMIT: A = BS #3 inches; =168 +2inchas; £ =58 &4 inches: F = 35 4 inchas; G = 3 24 inches; OfBattom of Hood Lip) = 24 24 inch
(b2 = 56 22 inchas; W-H < 2 inches ar uae MASH FParagraph A4 3.2
GVWR Ratings: Mass: Ib Curb Test Inertial Gross Static
Front 1718 Mirant 1581 1559 1644
Back 1874 Mrear 877 B89 969
Taotal 3638 MTatal 2458 2448 2613
Allcwable TR = 2420 |b 255 Ib | Allowable GSM = 2585 2 55 b
Mass Distribution:
Iy LF: 779 RF: 780 LR: 429 RR: 460
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Table B.6. Exterior Crush Measurements of Vehicle for Test No. 469469-2-2.

Vehicle Inventory Number: 1338
Date: 2018-11-28  Test No.: 469469-2-2 VIN No.: KNADH4A38B6736630
Year: 2011 Make: Kia Model: Rio

VEHICLE CRUSH MEASUREMENT SHEET'
Complete When Applicable

End Damage Side Damage

Lindeformed end width Bowing: B1 X1

Corner shift: Al B2 X2 __
A2

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

=4 inches

Mote: Measure Cy to Cy from Diriver to Passenger Side in Front or Rear Impacts — Rear to Front in Side Impacts.

Darect Damage

Specific . . . . . .
J1Inp't.\|-.'lm Manc® of Wadth** Mux=*# Field ‘ L “ b b Lo 0
Number C-Measurements (O} Crush L**
1 AT FT BUMPER 17 10 22 0 1 2 3 6 10 -9
p ABOVE FT BUMPER 17 12 46 25)] 5 8 9 |105| 12 | +62

Measurements recorded

inches or i

"I'able taken from Mational Accident Sampling System (NASS).

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

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

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

**Ehfeasure and document on the vehicle diagram the location of the maximum crush.

Note: Use as many lines/columns as necessary 1o describe each damage profile.
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Table B.7. Occupant Compartment Measurements of Vehicle for Test No. 469469-2-2.

Vehicle Inventory Number: 1338
Date: 2018-11-28  Test No.- 469469-2-2 VIN No.- KNADH4A38B6736630
Year:; 2011 Make: Kia Model: Rio
&, OCCUPANT COMPARTMENT
1, DEFORMATION MEASUREMENT
Before After Differ.
(inches)
A 67.50 67.00 -0.50
{,;; i A2 67.25 67.25 0.00
A3 67.75 67.75 0.00
B1 40.50 38.50 -2.00
B2 39.00 39.00 0.00
B1, B2, B3, B4, BS, B6 B3 4050 40.50 0.00
l B4 36.25 36.25 0.00
Q\: \ B5 36.00 36.00 0.00
1Pt G803 A B6 36.25 35.25 -1.00
© 1] c1 26.00 24.50 150
c2 0.00 0.00 0.00
c3 26.00 26.00 0.00
D1 9.50 8.50 -1.00
D2 0.00 0.00 0.00
/ 1 \ D3 9.50 9.50 0.00
TR E1 51.50 52.50 1.00
Ejfz E2 51.00 53.00 2.00
S 51.00 51.00 0.00
T G 51.00 50.50 -0.50
H 37.50 37.50 0.00
[ 37.50 37.50 0.00
*Lateral area across the cab from J* 51.00 49.50 -1.50

driver's side kick panel to passenger's side kick panel.
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B.4.2. Sequential Photographs

0.000 s

0.100 s

0.200 s

0.300 s

Figure B.7. Sequential Photographs for Test No. 469469-2-2 (Overhead and Gut Views).
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0.400 s

0.500 s

0.600 s

0.700 s

Figure A.1. Sequential Photographs for Test No. 469469-2-2 (Overhead and Gut Views)
(Continued).
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0.200 s ; 0.300 s

0.400 s : _ 0.500 s

0.600 s 0.700 s
Figure B.8. Sequential Photographs for Test No. 469469-2-2 (Rear View).
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B.4.3. Vehicle Angular Displacement
Roll, Pitch and Yaw Angles
50
40 \
% 30
(]
@
D 20
T TT—
g 10
[=2]
=
< 0
—
x
-10
- — —
_200 02 04 06 08 1.0 12 14

Time (s)

— Roll  — Pitth — Yaw

Test Number: 469469-2-2

Test Standard: MASH Test 3-10

Test Article: Modified C66 Bridge Rail
Test Vehicle: 1100C/ 2011 Kia Rio
Inertial Mass: 2448 Ib

Gross Mass: 2613 Ib

Impact Speed: 63.0 mi/h

Impact Angle: 24.9 degrees

Axes are vehicle-fixed.
Sequence for determining

orientation:
7. Yaw. -
8.  Pitch. o
9. Rall.

Figure B.9. Vehicle Angular Displacements for Test No. 469469-2-2.
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B.4.4.

Longitudinal Acceleration (g)

10

-10

-20

-30

Vehicle Acceleration

X Acceleration at CG

e M A RN e s o

02 04 06 038
Time (s)

— Time of OIV(0.0703 sec) — SAEClIass 60 Filter — 50-msec average ‘

10 12 14

Test Number: 469469-2-2

Test Standard: MASH Test 3-10

Test Article: Modified C66 Bridge Rail
Test Vehicle: 1100C/ 2011 Kia Rio
Inertial Mass: 2448 Ib

Gross Mass: 2613 |b

Impact Speed: 63.0 mi/h

Impact Angle: 24.9 degrees

Figure B.10. Vehicle Longitudinal Accelerometer Trace for Test No. 469469-2-2
(Accelerometer Located at Center of Gravity).
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Lateral Acceleration (g)

Y Acceleration at CG

40

30

20

10

" AL

-10

7 et AN N N e A A A "
YT V\MU'WWV—vVW v v AY v PGS T AT T Y
0 02 04 06 08 10 12 14
Time (s)
— Time of OIV(0.0703 sec) — SAEClIass 60 Filter — 50-msec average ‘

Test Number: 469469-2-2

Test Standard: MASH Test 3-10

Test Article: Modified C66 Bridge Rail
Test Vehicle: 1100C/ 2011 Kia Rio
Inertial Mass: 2448 Ib

Gross Mass: 2613 Ib

Impact Speed: 63.0 mi/h

Impact Angle: 24.9 degrees

Figure B.11. Vehicle Lateral Accelerometer Trace for Test No. 469469-2-2
(Accelerometer Located at Center of Gravity).
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Vertical Acceleration (g)

-10

-20

Z Acceleration at CG

10

-30
0

nﬂ ! 7 0 MMHA A A Aﬂl\\/&(fﬂﬁ My NV, WSV =S VW
UU [% V \/‘“WW’V I N A
02 04 06 08 10 12 14
Time (s)

— SAEClass 60 Filter — 50-msec average

Test Number: 469469-2-2

Test Standard: MASH Test 3-10

Test Article: Modified C66 Bridge Rail
Test Vehicle: 1100C/ 2011 Kia Rio
Inertial Mass: 2448 |b

Gross Mass: 2613 Ib

Impact Speed: 63.0 mi/h

Impact Angle: 24.9 degrees

Figure B.12. Vehicle Vertical Accelerometer Trace for Test No. 469469-2-2
(Accelerometer Located at Center of Gravity).
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TXDOT LOW-PROFILE BARRIER

APPENDIX C.
DETAILS OF THE LOW-PROFILE BARRIER
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C.3. MASH TEST 2-11 (CRASH TEST NO. 469469-3-2)

C.3.1.  Vehicle Properties and Information

Table C.1. Vehicle Properties for Test No. 469469-3-2.

Vehicle Inventory Number: 1408
Date: 2019-06-06 Test No.: 469468-03-2 VIN No.: 1C6RRBFTSFS547450
Year: 2015 Make: RAM Model: 1500
Tire Size: 26570 R 17 Tire Inflation Pressure: 35 psi
Tread Type: Highway Odometer: 188757

Mote any damage to the vehicle prior to test: None

® Denotes accelerometer location.

NOTES: None

Engine Type: V-8
Engine CID: 5.7 liter

Transmission Type:

Aute  or [ Manual
11 FWD [ RWD _[] 4WD

Optional Equipment:
MNone

Dummy Data:

Type:

Mass: 0 Ib

Seat Position: . E

F M
Geometry: inches Lo e r
A T8.50 F 40.00 K 20.00 = 3.00 1] 26.75
B 74.00 G 28.40 L 30.00 Q 30.50 W 30.25
C 227.50 H 60.36 M 68.50 =] 18.00 W 60.30
D 44.00 | 11.75 M 68.00 =3 13.00 ® F9.00
E 140.50 J 27.00 0 46.00 T 77.00
Wheel Center Wheel Wall Bottom Fram
H:lght :rnnt 14.75 Clearanca 1Frn:1] 6.00 Height - FI’BI: 12.50
Wheal Centar Wheael Wall Bottom Frame
Height Rear 14.75 Clearance (Rear) 9.25 Height - Rear 22.50

RAMGE LIMIT: A=78 12 inches. C=237 413 inches: E=146 412 inches, F=38 43 inches; G = = 38 inches. H = 63 44 inches; 0=43 44 inches; (MeNYZ=6T 21.5 inches
GVWR Ratings: Mass: |b Curb Test Inertial Gross Static
Front 3700 Mo 2910 2858
Back 3900 Myzar 2057 2153
Total G700 MTotal 4967 5011 ()

- lcwable Range Tor TIM and GSM = 5000 |k 2110 b}
Mass Distribution:
b LF: 1426 RF: 1432 LR: 1111 RR: 1042
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Table C.2. Measurements of Vehicle Vertical CG for Test No. 469469-3-2.

Vehicle Inventory Number: 1408
Date: 2019-06-06 Test No.: 469469-03-2 VIN: 1CBRRBEFT5FS547450
Year: 2015 Make: RAM Model: 1500
Body Style: Quad Cab Mileage: 188757
Engine: 5.7 liter V-8 Transmission: Automatic
Fuel Level: Empty Ballast: 100 {440 |b max)
Tire Pressure: Front: 35  psi Rear: 35 psi Size: 265/70R 17

Measured Vehicle Weights: (Ib)

LF: 1426 RF: 1432 Front Axle: 2858
LR: 1111 RR: 1042 Rear Axle: 2153
Left: 2537 Right: 2474 Total: 5011

S000 £110 b allowed

Wheel Base:  140.50 inches Track: F: 68.50 inches R: 68.00 inches
148 £12 inches allowed Track = (F+RK2 = 67 £1.5 inches allowead

Center of Gravity, SAE J&874 Suspension Method

X 60.37 inches Rear of Front Axle (63 24 inches allowed)
Y -0.43 inches Left - Right + of Vehicle Centerline
Z: 28.40 inches Above Ground iminumum 28.0 inches allowed)
Hood Height: 46.00 inches Front Bumper Height: 27.00 inches

43 +4 inchas 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 C.3. Exterior Crush Measurements of Vehicle for Test No. 469469-3-2.

Vehicle Inventory Number: 1408
Date: 2019-06-06 Test No.- 459469-03-2 VIN No. 1CBRREFTSFS547450
Year: 2015 Make: RAM Model: 1500

VEHICLE CRUSH MEASUREMENT SHEET!
Complete When Applicable

End Damage Side Damage

Undeformed end width Bowmg: BT X1

Corner shift: Al B2 X2 __
A2

End shift at frame {CDC) Bowing constant
(check one) X+ i2
< &4 inches 2 -

= 4 inches

Mote: Measure O to Cy from Diniver to Passenger Side in Front or Bear Impacts — Rear to Front in Side Impacts,

Dhirect Damage

Specific 4 . 4 “ “ .
. i X C ; s C Oy Cy +I
Iimpact PMlane® of Width** Max*** Field : '
Mumber C-Measurements (D) Crush L=
1 AT FT BUMPER 22 2

Measurements recorded

im'lles or mm

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

*Identify the plane at which the C-measurements are taken {e.g., at bumper, above bumper, at sill, above sill, at
beltline, cte.) or label adjustments {c.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 cach C-measurement and maximum crush.

#¥Neasure 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).

FEEMeasure and document on the vehicle diagram the location of the maximum crush.

Mote: Use as many lines/columns as necessary to describe each damage profile.
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Table C.4. Occupant Compartment Measurements of Vehicle for Test No. 469469-3-2.

Vehicle Inventory Mumber: 1408
Date: 2018-06-06 Test No.: 469469-03-2 VIN No.: 1C6RREFTSFS547450
Year: 2015 Make: RAM Model: 1500
OCCUPANT COMPARTMENT
- DEFORMATION MEASUREMENT
I N Before After Differ.
(inches)
E3 E4 Al 65.00 65.00 0.00
AD 63.00 63.00 0.00
U = 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
e B5 43.00 43.00 0.00
BG 39.50 39.50 0.00
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
a ‘ D3 1150 11.50 0.00
82,5 E1 58.50 58.50 0.00
BL4 | B3.6 E2 63.50 63.50 0.00
| El-4— E3 63.50 63.50 0.00
E4 63.50 63.50 0.00
D = U == F 59.00 59.00 0.00
G 59.00 59.00 0.00
H 37.50 37.50 0.00
*Lateral area across the cab from driver's side | 37.50 37.50 0.00
kickpanel to passenger's side kickpanel. g % 00 25,00 0.00
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C.3.2. Sequential Photographs

0.000 s

0.100 s

0.200 s

0.300 s

Figure C.1. Sequential Photographs for Test No. 469469-3-2 (Overhead and Gut Views).
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0.400 s

0.500 s

0.600 s

0.700 s

Figure A.1. Sequential Photographs for Test No. 469469-3-2 (Overhead and Gut Views)
(Continued).
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Figure C.2. Sequential Photographs for Test No. 469469-3-2 (Rear View).
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C.3.3. Vehicle Angular Displacement
Roll, Pitch and Yaw Angles
40
30
w20
Q M
g
2 10
=)
(7]
o o0
[=2]
=
< -10
-20
-30
05 10 15 20
Time (s)
— Roll — Pitth — Yaw
Test Number: 469469-3-2 Axes are vehicle-fixed.
Test Standard: 2-11 S(quuenlce for determining
Test Article: Low-Profile Barrier Onent?g?n'YaW. -~
Test Vehicle: 2270P/ 2015 RAM 1500 11, Pitch.
Inertial Mass: 5011 Ib 12. Roll.

Gross Mass: 5011 Ib
Impact Speed: 44.4 mi/h
Impact Angle: 25.1 degrees

Figure C.3. Vehicle Angular Displacements for Test No. 469469-3-2.
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C.34. Vehicle Acceleration

Longitudinal Acceleration (g)

-10

X Acceleration at CG

Va

/Uﬂm/l /\[\J\Mnﬂ/\ Lo A an AN "

|AF.VHADOQ./\ A [L | A

g WWWWWWWW T T A A

W

10 15 20
Time (s)

l— Time of OIV(0.1298 sec) — SAEClass 60 Filter

25

— 50-msec average ‘

Test Number: 469469-3-2

Test Standard: 2-11

Test Article: Low-Profile Barrier

Test Vehicle: 2270P/ 2015 RAM 1500
Inertial Mass: 5011 |b

Gross Mass: 5011 Ib

Impact Speed: 44.4 mi/h

Impact Angle: 25.1 degrees

Figure C.4. Vehicle Longitudinal Accelerometer Trace for Test No. 469469-3-2
(Accelerometer Located at Center of Gravity).
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Lateral Acceleration (g)

15

-
o

(6]

o

Y Acceleration at CG

OO |

o AA SR
v \Y ha ey (VaEE S

05 10

Time (s)

— Time of OIV(0.1298 sec) — SAEClass 60 Filter — 50-msec average

Test Number: 469469-3-2

Test Standard: 2-11

Test Article: Low-Profile Barrier

Test Vehicle: 2270P/ 2015 RAM 1500
Inertial Mass: 5011 |b

Gross Mass: 5011 |b

Impact Speed: 44.4 mi/h

Impact Angle: 25.1 degrees

Figure C.5. Vehicle Lateral Accelerometer Trace for Test No. 469469-3-2
(Accelerometer Located at Center of Gravity).
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Vertical Acceleration (g)

Z Acceleration at CG
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Test Number: 469469-3-2

Test Standard: 2-11

Test Article: Low-Profile Barrier

Test Vehicle: 2270P/ 2015 RAM 1500
Inertial Mass: 5011 Ib

Gross Mass: 5011 Ib

Impact Speed: 44.4 mi/h

Impact Angle: 25.1 degrees

Figure C.6. Vehicle Vertical Accelerometer Trace for Test No. 469469-3-2
(Accelerometer Located at Center of Gravity).



C4. MASH TEST 2-10 (CRASH TEST NO. 469469-3-1)

C.4.1.  Vehicle Properties and Information

Table C.5. Vehicle Properties for Test No. 469469-3-1.

Vehicle Inventory Number: 1400

Date: 2019.06-14 Test Mo.. 469469-03-1 VIN Mo.: KNADE223196504232
Year: 2009 Make: Kia Maodel: Rio
Tire Inflation Pressure: 32 PSI Odometer. 193992 Tire Size: 1B85/65R14

Describe any damage to the vehicle prior to test:  None

i =7 i
® Denotes accelerometer location. i ¥ : [
NOTES: '

AM | . N T

II
L] ) L)
Engine Type: 4 CYL ¥ ' = L
Engine CID: 1.6 L
Transmission Type:
Auto or Manual 4
v Fwo [ rRwWD [] 4wD
Optional Equipment: i i
Mone &
Y Y
Dummy Data:
Type: 50th Percentile Male
Mass: 165 |b
Seat Position: IMPACT SIDE s i -
Geometry: inches
A 56.38 F 33.00 Kiges = P a1z U476
B 5150 G L2s2s =~ Q2250 Vaors
C 16575 H M 57.75 R 15.50 W 3520
D 34.00 | 7.75 N 5770 5 825 X 7150
E 9875 J 2150 O 27.00 T 86.20
Wheel Center Ht Front _141.00 Wheel Center Ht Rear 11.00 W-H _0.00
RAKNGE LIMIT: A =65 £3 inches; © = 16% 28 inches; E = %8 4 inchas; F = 35 44 inchas; H = 39 34 inchas; O (Bettom of Hood Lin) = 24 +4 inchas
TOF OF RADIATOR SUPFORT = 2B 25 miches; (MHMIZ = 56 +2 inchag; W-H < 2 inches o usa MASH Paragraph A4.3 2
GVWR Ratings: Mass: |b Curb Test Inertial Gross Static
Front 1718 Mirar 1586 Ads70 Jess
Total 3638 Mratal 2451 2440 2605
Allgwabls TIM = 2470 | =55 I | Allowabls GSM = 25585 b + 55 b
Mass Distribution:
Ib LF: so0 RF: 770 LR: 4ap RR: 440
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Table C.6. Exterior Crush Measurements of Vehicle for Test No. 469469-3-1.

Vehicle Inventory Number: 1409
Date: 2019-06-14  Test No.: 469469-03-1 VIN No.: KNADE223196504232
Year: 2009 Make: Kia Model: Rio

VEHICLE CRUSH MEASUREMENT SHEET!
Complete When Applicable

End Damage Side Damage

Undeformed end width Bowing: Bl X1

Comer shift: Al B2 Xz
A2

End shift at frame (CDC) Bowing constant
{check one) X1+ X2
< 4 inches T B

= 4 inches

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

Darect Damage

ﬂpu:l.'iﬁ-.: . . . . . .
. , C Ca s L s e +
Impact Plane® of Wadth** Mg ** Field . !
Number C-Measurements (CDC) Crush L**
1 AT FT BUMPER 24 6

Measurements recorded

inches or mm

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

Fldentilfy the plane at which the C-measurements are taken (e.g., al bumper, above bumper, at sill, above sill, atl
beltline, ete.) or label adjustments (e.g., free space).

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

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

## &0 easure and document on the vehicle diagram the location of the maximum crush.

MNote: Use as many lines/columns as necessary 1o describe each damage profile.
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Table C.7. Occupant Compartment Measurements of Vehicle for Test No. 469469-3-1.

Vehicle Inventory Number: 1409

Date: 2019-06-14 Test No.: 469469-03-1 VIN No.: KNADE223196504232

Year: 2009 Make: Kia Model: Rio

OCCUPANT COMPARTMENT
DEFORMATION MEASUREMENT
)j Before After Differ.
(inches)

A1 67.50 67.50 0.00
A2 67.25 67.25 0.00
A3 67.75 67.75 0.00
B1 40.50 40.50 0.00
B2 39.00 39.00 0.00
B1, B2, B3, B4, B5, B6 B3 40.50 40.50 0.00
j/’[— \ B4 36.25 36.25 0.00
NWSETY, B5 36.00 36.00 0.00
PRADS ﬁL A B6 36.25 36.25 0.00
— 7 | c1 26.00 26.00 0.00
c2 0.00 0.00 0.00
c3 26.00 26.00 0.00
D1 9.50 9.50 0.00
D2 0.00 0.00 0.00
/ [ \ D3 9.50 9.50 0.00
TRy E1 51.50 51.50 0.00
Efz E2 51.00 51.00 0.00
F 51.00 51.00 0.00
Ly G 21.00 21.00 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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C.4.2. Sequential Photographs

0.000 s

0.100 s

0.200 s

0.300 s

Figure C.7. Sequential Photographs for Test No. 469469-3-1 (Overhead and Gut Views).
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0.400 s

0.500 s

0.600 s

0.700 s

Figure C.7. Sequential Photographs for Test No. 469469-3-1 (Overhead and Gut Views)
(Continued).
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0.000s 0.100 s

02005 | 0.300 s

0.400 s ' 0.500 s

0.600 s 0.700 s
Figure C.8. Sequential Photographs for Test No. 469469-3-1 (Rear View).
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C4.3. Vehicle Angular Displacement
Roll, Pitch and Yaw Angles
40
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Test Number: 469469-3-1 Axes are vehicle-fixed.
Test Standard: 2-10 quuenlce for determining
Test Article: Low Profile Barrier Onent?g?n'Yaw_
Test Vehicle: 1100C/ 2009 Kia Rio 14. Pitch.
Inertial Mass: 2440 |b 15. Roll.

Gross Mass: 2605 Ib
Impact Speed: 44.0 mi/h
Impact Angle: 25.1 degrees

Figure C.9. Vehicle Angular Displacements for Test No. 469469-3-1.
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C44.

Vehicle Acceleration

X Acceleration at CG
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I
¥

Longitudinal Acceleration (g)
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0

05 10 15
Time (s)

— Time of OIV(0.0993 sec) — SAECIass 60 Filter — 50-msec average ‘

Test Number: 469469-3-1

Test Standard: 2-10

Test Article: Low Profile Barrier
Test Vehicle: 1100C/ 2009 Kia Rio
Inertial Mass: 2440 Ib

Gross Mass: 2605 Ib

Impact Speed: 44.0 mi/h

Impact Angle: 25.1 degrees

Figure C.10. Vehicle Longitudinal Accelerometer Trace for Test No. 469469-3-1
(Accelerometer Located at Center of Gravity).
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Test Number: 469469-3-1

Test Standard: 2-10

Test Article: Low Profile Barrier
Test Vehicle: 1100C/ 2009 Kia Rio
Inertial Mass: 2440 Ib

Gross Mass: 2605 Ib

Impact Speed: 44.0 mi/h

Impact Angle: 25.1 degrees

Figure C.11. Vehicle Lateral Accelerometer Trace for Test No. 469469-3-1
(Accelerometer Located at Center of Gravity).
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Test Number: 469469-3-1

Test Standard: 2-10

Test Article: Low Profile Barrier
Test Vehicle: 1100C/ 2009 Kia Rio
Inertial Mass: 2440 Ib

Gross Mass: 2605 Ib

Impact Speed: 44.0 mi/h

Impact Angle: 25.1 degrees

Figure C.12. Vehicle Vertical Accelerometer Trace for Test No. 469469-3-1
(Accelerometer Located at Center of Gravity).
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DETAILS OF LOW-PROFILE-TO-F-SHAPE TRANSITION
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D.2.

SUPPORTING CERTIFICATION DOCUMENTS

Name of Technician
Taking Sample

Proj.act No: /{75 -¢ |
Bt bt

= Texas A&M Doc.-No Issue Date;+|
£ =+
/-’ Egggu te tion QF7.3-01::Cancrete- “QF-?.s--:u: :013-05-13::
i) 7 S cn;ﬁmmm Samplingo
N Prepared-by:-Wanda-L. M s Revizion:+ | P;
B i MO | Approved by: Darell . Kufoe = |

Casting Date: 2;52 g¢- 2.8 Mix Design (psi): ;{0.:;

Name of Technician
Breaking Sample

Signature of
Technician
Taking Sample

ﬂf// Ve Jé’#/

Signature of
Technician Breaking
Sample

f;_-'ff"-/zs/’

Load No. No. “Ticket No. Location [i'r'ﬁ?n concrete map)
i J : : S
7 i SWtaP® | SYTOSPY | Jrops fan J00%
/15
Load No. Break Date Cylinder Age Total Load (Ibs) Break (psi) Average
T dori-97-285 | 31 Lo« iPsoow | £549Y4 |
II ’I | [7eowo | oS £9 13
l [ 22000 | 6024 |
TR No. 0-6969 D-13 2020-05-28



CUSTOMER'S COPY
: Martin Marietta
MCII"_tIn 1503 LBJ Freeway
Marietta Suite 400
Dallas, Tx 75234
G R R R 4
B R
LOAD TIME TO JOB ARRIVE JOB SITE BEGIN POUR ‘ FINISH 1'-oun ; LE.W'; JOB SITE ARRIVE PLANT
} h ’ \ I' | Y/ < - N -
: 10 0B | 1V :"t3 . z - :
WATER ADDED ON JOB AT CUSTOMER'SREQUEST , GAL. b p
ALLOWABLE WATER (withheld from batch) @ 3 l GAL. &
TEST CYLINDER TAKEN JYES QNO BY DELIVERY OF THESE MATERIALS IS SUBJECT TO THE TERMS Ab
CYUNDERTAKEN  C)BEFORE () AFTERWATER CONDITIONS ON THE REVERSE SIDE HEREOF AS ACCEPTED |
ADDITIONAL WATER ADDED TO THIS CONCRETE WiLL REDUCE  S'GNATURE ABOVE.
ITS STRENGTH. ANY WATER ADDED IN EXCESS OF SPECIFIED
SLUMP IS AT CUSTOMER’S RISK. 4
CUSTOMER NAME AND DELIVERY ADDRESS PLANT TRUCK ORDERNO.  SLUMP F.0. HADBALOT GRID
. DRIVER NAME .IJII'E
mlz'n.uﬁsﬂ PROJECT CUM, uw- e ORDEAED GTY
LOAD QUANTITY PRODUCT CODE DESCRIPTION | IJ.HI‘I'FHPGE AMOUNT
oy 4

SPECIAL DELIVERY IMSTRUCTIONS SRLRE. T

TOTAL

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

ror orFice use ony FORM:

TR No. 0-6969
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D.3. MASH TEST 2-20 (CRASH TEST NO. 469469-4-1)

D.3.1.  Vehicle Properties and Information
Table D.1. Vehicle Properties for Test No. 469469-4-1.

Wehicle Inventory Number: 4422

Date: 2019-07-29 Test No..  469469-04-1 VIN No.: KMNADE173186324788
Year: 2008 Make: Kia Model: Rig
Tire Inflation Pressure: 32 PSI Odometer: 177638 Tire Size: 1B5/65R14

Describe any damage to the vehicle prior to test:  Nane

® Denotes accelerometer location. i I;'-f" i
II

NOTES: I | . |
|

v ! \ IR

Engine Type: 4 CYL
Engine CID: 16L
Transmission Type.

Auto  or  [] Manual
Wl FwD [] RWD _[] 4wD F

Optional Equipment: i
Mone oI
d
LI |
Dummy Data:
Type: 50th Percentile Male
Mass: 165 Ib e E -l O—w
Seat Position: IMPACT SIDE -+ X -
Geometry: inches :
A 5638 F 3300 K 1225 P 412 U 1475
B 5150 G L 2525 Q 2250 V 2075
C 1B5.75 H 3550 M 57.75 R 1550 W 3550
D 3400 | 7.75 N 5770 S 25 X 71.50
E 9875 J 2150 O 27.00 T 86.20
Wheel Center Ht Front 11.00 Wheel Center Ht Rear 11.00 W-H 0.00
RANGE LIMIT: & =5 21inches; © = 1469 £8 inchas; E = 88 26 inches; F = 35 &4 inches: H = 39 &4 inches: O (Bottom of Heood Lip) = 24 24 inches
TOF OF RADIATOR SUPFORT = 28 28  inches; [M+N|Z = 56 £2 inchas; W-H < I inches or use MASH Paragraph 44,37
GVWR Ratings: Mass: Ib Curb Test Inertial Gross Static
Front 1718 Mirant 1595 1549 1634
Back ‘_Iﬁz& Mraa' Eﬁ !! ] EZ] &5] E! ]
Total 3638 Mratal 2461 0 2585

Allpwable TIM = 2430 |b £55 Ik | Allpwable GSM = 2585 b £ 55 B

Mass Distribution:
s} LF: 7a0 RF: 789 LR: 447 RR: 424

TR No. 0-6969 D-16 2020-05-28



Table D.2. Exterior Crush Measurements of Vehicle for Test No. 469469-4-1.

Vehicle Inventory Number: 1422
Date: 2019-07-29 Test No.: 469469-04-1 VIN No.: KNADE173186324788
Year: 2008 Make: Kia Model: Rio

VEHICLE CRUSH MEASUREMENT SHEET!

Complete When Applicable

End Damage Side Damage

Undeformed end width Bowing: B1 X1

Corner shift: Al B2 X2 _
A2

End shift at frame (CDC) Bowing constant
icheck one) X1+ X2
< 4 inches T N

=4 inches

Mote: Measure C) to U from Driver to Passenger Side in Front or Rear Impacts — Rear to Front i Side Impacts.

Dhirect Damage

Specific - . . .
[mpact Plane* of Width** Max**= Field b L b b L b 0
MNumher C-Measurements (O Crush [**
1 AT FT BUMPER 16 6 16 1 135] 6 - - - +24
2 SAME 16 7 34 0 J5 115 2 5 7 +68

Measurements recorded

inches or II‘IIII

"Table taken from National Accident Sampling Svstem (NASS),

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

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

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

#EEheasure and document on the vehicle diagram the location of the maximum crush,

Mote: Use as manvy lines/columns as necessary to deseribe each damage orofile,

TR No. 0-6969 D-17 2020-05-28



Table D.3. Occupant Compartment Measurements of Vehicle for Test No. 469469-4-1.

Vehicle Inventory Number: 1422
Date: 2019-07-29  Test No. 469469-04-1 VIN No.: KNADE173186324788
Year: 2008 Make: Kia Model: Rio
s OCCUPANT COMPARTMENT
A DEFORMATION MEASUREMENT
Before After Differ.
(inches)
Ul A1 67.50 67.50 0.00
A2 67.25 67.25 0.00
> A3 67.75 67.75 0.00
B1 40.50 40.50 0.00
B? 39.00 39.00 0.00
B1, B2, B3, B4, B5, B6 B3 40.50 40.50 0.00
j L B4 36.25 36.25 0.00
: \ B5 36.00 36.00 0.00
g P1.0g 803 A B6 36.25 36.25 0.00
© — i | C1 26.00 26.00 0.00
C2 0.00 0.00 0.00
c3 26.00 26.00 0.00
D1 9.50 9.50 0.00
D2 0.00 0.00 0.00
/ ‘ \ D3 9.50 9.50 0.00
: \ E1 51.50 51.50 0.00
it EEE\EZ o ) 51.00 51.00 0.00
F 51.00 51.00 0.00
WS G 21.00 21.00 0.00
H 37.50 37.50 0.00
| 37.50 37.50 0.00
*Lateral area across the cab from J* 21.00 21.00 0.00

driver's side kick panel to passenger's side kKick panel,

TR No. 0-6969 D-18 2020-05-28



D.3.2. Sequential Photographs

Figure D.1. Sequential Photographs for Test No. 469469-4-1 (Overhead and Gut Views).

TR No. 0-6969 D-19 2020-05-28



Figure A.1. Sequential Photographs for Test No. 469469-4-1 (Overhead and Gut Views)
(Continued).
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10.000 s ©0.100s

0.600 s 0.700 s
Figure D.2. Sequential Photographs for Test No. 469469-4-1 (Rear View).
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D.3.3. Vehicle Angular Displacement
Roll, Pitch and Yaw Angles

20

10
— 0
(7] w//\
@ R —
2 10
[o2]
(]
2 2
[7/]
2
D -30
<

-40

-50

]
-60
0 05 1.0 15 [
Time (s)

— Roll — Pitch — Yaw |

Test Number: 469469-4-1

Axes are vehicle-fixed. Test Standard: 2-20

Sequence for determining

orientation: Test Article: Low-Profile-to-F-Shape Transition
16. Yaw. — ] Test Vehicle: 1100C/ 2008 Kia Rio
]; pich. Inertial Mass: 2420 Ib
- nok Gross Mass: 2585 Ib

Impact Speed: 45.3 mi/h
Impact Angle: 24.6 degrees

Figure D.3. Vehicle Angular Displacements for Test No. 469469-4-1.



20

;v] D.34. Vehicle Acceleration
% X Acceleration at CG
CID 2
2 ﬂ
% @ 0 D n AR M i YN Y S VP VNPT I A WY = i A VTN
- W‘Wﬁ“ A ) e *WU ~hf LAVASEE e VoW
s |
‘qé,' -214 Y H
° ﬂ
o -4
o
<
-
T
=
il
c
o
T U
-12
0 05 10 15
o Time (s)
o
— Time of OIV(0.0993 sec) — SAECIass 60 Filter — 50-msec average ‘ Test Number' 469469-4-1

8C-50-0C0C

Test Standard: 2-20

Test Article: Low-Profile-to-F-Shape Transition
Test Vehicle: 1100C/ 2008 Kia Rio

Inertial Mass: 2420 Ib

Gross Mass: 2585 Ib

Impact Speed: 45.3 mi/h

Impact Angle: 24.6 degrees

Figure D.4. Vehicle Longitudinal Accelerometer Trace for Test No. 469469-4-1
(Accelerometer Located at Center of Gravity).
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Lateral Acceleration (g)

[¢)]

o

'
o

-10

-15

-20

-25

-30

Y Acceleration at CG

fﬁM TS PGS S
L
.,
M
|
0 05 10 15
Time (s)
— Time of OIV(0.0882 sec) — SAECIass 60 Filter — 50-msec average ‘

Test Number: 469469-4-1

Test Standard: 2-20

Test Article: Low-Profile-to-F-Shape Transition
Test Vehicle: 1100C/ 2008 Kia Rio

Inertial Mass: 2420 Ib

Gross Mass: 2585 Ib

Impact Speed: 45.3 mi/h

Impact Angle: 24.6 degrees

Figure D.5. Vehicle Lateral Accelerometer Trace for Test No. 469469-4-1
(Accelerometer Located at Center of Gravity).
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Test Number: 469469-4-1

Test Standard: 2-20

Test Article: Low-Profile-to-F-Shape Transition
Test Vehicle: 1100C/ 2008 Kia Rio

Inertial Mass: 2420 Ib

Gross Mass: 2585 Ib

Impact Speed: 45.3 mi/h

Impact Angle: 24.6 degrees

Figure D.6. Vehicle Vertical Accelerometer Trace for Test No. 469469-4-1
(Accelerometer Located at Center of Gravity).
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D4.

MASH TEST 2-21 (CRASH TEST NO. 469469-4-2)

D.4.1. Vehicle Properties and Information

Table D.4. Vehicle Properties for Test No. 469469-4-2.

Vehicle Inventory Number: 1361

Date: 2019-08-01 Test No. 469469-04-2 VIN No.: 1CE6RREFT3FSE613915

Year: 2015 Make: DDDGE M‘}de|' RAM1 5’0“

Tire Size: 26570 R 17 Tire Inflation Pressure: 35 psi

Tread Type: Highway Odometer: 249398

Note any damage to the vehicle prior to test: _None

* Denotes accelerometer location.

NOTES: None ) i— T T
M L

Engine Type: V-8

Engine CID: 5.7 liter : ) | i

Transmission Type:

—TEST INERTIAL C. M
"

Auto or Manual
| | FWD [/l RWD _] 4WD
Optional Equipment: e T
None i
Dummy Data: l
Type: /A
Mass: 0 Ib
Seat Position: MN/A e E
T M
Geometry: inches e — e
A, 78.50 F 40.00 K 20,00 = 3.00 26.75
B 74.00 G 28.88 L 30.00 Q 30.50 30.25
C 227.50 H 61.25 M 68.50 R 18.00 61.59
D 44.00 | 11.75 N 68.00 S 13.00 79.00
E 140.50 J 27.00 0 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 (Raar) 9.25 Helght - Rear 22.50
RAMGE LIMIT: A=T8 £2 Inches; G=237 £13inches; E=148 £12 inches; F=34 £3 inches: G = = 28 inches: H = £3 o4 inches: 0=43 14 inchas; [M+N}Z=67 215 Inches
GVWR Ratings: Mass: Ib Curb Test Inertia Gross Static
Front 3700 Mot 2908 2825
Back 3900 Whrear 2036 2205
Total 6700 Mratan 4844 5030 0
[Alowabda Rarge for TR and GSM = 5000 16 2110 1B
Mass Distribution:
Iy LF: 1429 RF: 1396 LR: 1130 RR: 1075
Performed by: RK Date: 2019-08-01
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Table D.5. Measurements of Vehicle Vertical CG for Test No. 469469-4-2.

Vehicle Inventory Number: 1361
Date:  2019-08-01 Test No.: 469469-04-2 VIN: 1C6RREFT3FS613915
Year: 2015 Make: DODGE Model: RAM1500
Body Style: Quad Cab Mileage: 248398

Engine: 5.7 liter V-8 Transmission: Automatic
Fuel Level: Empty Ballast: 100 {440 Ib max)
Tire Pressure; Front: 35 psi Rear: 35 psi Size: 265/JOR17
Measured Vehicle Weights: (Ib)
LF: 1429 RF: 1396 Front Axle: 2825
LR: 1130 RR: 1075 Rear Axle: 2205
Left: 2559 Right: 2471 Total: 5030
5000 £110 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 61.59 inches Rear of Front Axle 63 +4 inches allowed)
Y -0.60 inches Left - Right + of Vehicle Centerline
Z: 28.88 inches Above Ground {minusmum 28.0 inches allowsd)
Hood Height: 46.00 inches Front Bumper Height: 27.00 inches
43 +4 inches allowed
Front Overhang: 40.00 inches Rear Bumper Height: 30.00  inches
39 +3 inches allowed
Overall Length: 227.50 inches
237 13 inches allowed
Performed by: RK Date: 2019-08-01
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Table D.6. Exterior Crush Measurements of Vehicle for Test No. 469469-4-2.

Vehicle Inventory Number: 1361
Date: 2019-08-01 Test Mo 469469-04-2 VIN N 1C6RREFT3F3613915
Year: 2015 Make: DODGE Model: RAM1500

VEHICLE CRUSH MEASUREMENT SHEET!
Complete When Applicable

End Damage Side Damage

Undeformed end width Bowing: B1 X1

Corner shift: Al B2 X2 __
A2

End shift at frame (CDC) Bowing constant
(check one) X1+ X2
< 4 inches T -

=4 inches

Mote: Measure C) to Cy from Driver to Passenger Side in Front or Bear Impacts — Rear to Front in Side Impacts.

Dhrect Damage

Specific . . - - - .
Irmpact Plane® of Width** Max*e= Field € C: b b G G 0
Mumber C-Measurements (D Crush L**
1 LF FRONT BUMPER 12 11 18 1 B 11 | NA | NA | NA | +14
2 ABOVE GROUND 17 13 52 13 | 11 | NA | NA | 1 2 +36

Measurements recorded

inches or [ mm

"Table taken from National Accidemt Sampling System (NASS),

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

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

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

#=EF€Measure and document on the vehicle diagram the location of the maximum crush.

Mote: Use as many lines/columns as necessary to describe each damage profile.

Performed by: RK Date: 2019-08-04
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Table D.7. Occupant Compartment Measurements of Vehicle for Test No. 469469-4-2.

Vehicle Inventory Number: 1361
Date: 20190801  Tesino. 469469042  \No:.  1CBRRGFT3FS613915
Year: 2015 Make: DODGE Model: RAM1500

OCCUPANT COMPARTMENT

. DEFORMATION MEASUREMENT
JI nr Before After Differ.
(inches)
E3 E4 Al 65.00 65.00 0.00
AD 63.00 63.00 0.00
U = 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
B5s 43.00 43.00 0.00
B6 39.50 39.50 0.00
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
| 3 D3 11.50 11.50 0.00
B2, — E1 58.50 58.50 0.00
Bla | 36 E2 63.50 63.50 0.00
— |—El-4—— E3 63.50 63.50 0.00
l E4 63.50 63.50 0.00
|=— — zi, — F 59.00 59.00 0.00
G 59.00 59.00 0.00
H 37.50 37.50 0.00
*Lateral area across the cab from driver’s side | 37.50 37.50 0.00
kickpanel to passenger's side kickpanel. ] 26.00 2500 0.00
Performed by: RK Date: 2019-08-01
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D.4.2. Sequential Photographs

0.000 s

0.100 s

0.200 s

0.300 s

Figure D.7. Sequential Photographs for Test No. 469469-4-2 (Overhead and Gut Views).
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0.400 s

0.500 s

0.600 s

0.700 s

Figure A.1. Sequential Photographs for Test No. 469469-4-2 (Overhead and Gut Views)
(Continued).
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0.000 s ©0.100 s
\‘ - ) B 1

0.600 s 0.700 s
Figure D.8. Sequential Photographs for Test No. 469469-4-2 (Rear View).
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Axes are vehicle-fixed.
Sequence for determining

Test Number: 469469-4-2

orientation: e Test Standard: 2-21
;g ;ﬁzvh - Test Article: Low Profile to F-Shape Transition

21 Roll. Test Vehicle: 2270P/ 2015 RAM 1500
Inertial Mass: 5030 Ib

Gross Mass: 5030 Ib

Impact Speed: 44.3 mi/h

Impact Angle: 24.4 degrees

Figure D.9. Vehicle Angular Displacements for Test No. 469469-4-2.
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D.4.4. Vehicle Acceleration

Longitudinal Acceleration (g)
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X Acceleration at CG
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— Time of OIV(0.1332sec) — SAECIass 60 Filter — 50-msec average ‘

Test Number: 469469-4-2

Test Standard: 2-21

Test Article: Low Profile to F-Shape Transition
Test Vehicle: 2270P/ 2015 RAM 1500

Inertial Mass: 5030 Ib

Gross Mass: 5030 Ib

Impact Speed: 44.3 mi/h

Impact Angle: 24.4 degrees

Figure D.10. Vehicle Longitudinal Accelerometer Trace for Test No. 469469-4-2
(Accelerometer Located at Center of Gravity).

20



6969-0 ON d.L

ce-d

8C-50-0C0C

Lateral Acceleration (g)

-
o

(6]

o

Y Acceleration at CG

MWoga s A M\ o

§ | ) ~ WWW g
05 10 15
Time (s)
— Time of OV (0.1332sec) — SAEClass 60 Filter — 50-msec average ‘

Test Number: 469469-4-2

Test Standard: 2-21

Test Article: Low Profile to F-Shape Transition
Test Vehicle: 2270P/ 2015 RAM 1500

Inertial Mass: 5030 Ib

Gross Mass: 5030 Ib

Impact Speed: 44.3 mi/h

Impact Angle: 24.4 degrees

Figure D.11. Vehicle Lateral Accelerometer Trace for Test No. 469469-4-2
(Accelerometer Located at Center of Gravity).
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Test Number: 469469-4-2

Test Standard: 2-21

Test Article: Low Profile to F-Shape Transition
Test Vehicle: 2270P/ 2015 RAM 1500

Inertial Mass: 5030 Ib

Gross Mass: 5030 Ib

Impact Speed: 44.3 mi/h

Impact Angle: 24.4 degrees
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Figure D.12. Vehicle Vertical Accelerometer Trace for Test No. 469469-4-2

(Accelerometer Located at Center of Gravity).
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E.1. DETAILS OF THE THRIE-BEAM TRANSITION WITHOUT END SHOE BLOCK
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42" x 13" rebar, embedded in runway minimum 6" with Hilti RE5S00 epoxy
7c. Horizontal spacing on S-bars may be adjusted up to 2" to avoid bolt sleeves.

7b. B" spacin? typical for U-bars, S-bars, and top transverse bars,

7a.
according to manufacturer's instructions. 36" spacing.
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This Memorandum

and ia intended solely tor fling or recond.

is an acknowladgemant that a Bil of Lading has bean issued and & not the original Bill of Lading, nor a capy or duplicale, covering the property named nerein,

Carrigr Shippars No. 1 6-T8200
RECGEIVED, subfect ta the uasamwunnsann tarils iw o repsipl by the c.’rﬁ:ﬁl the property descrived in the Origeal Bl of Lading,
u Ft Worth (THP™, T 20, from _Trinity Highway Products T1.C 1 sioNe s Fiinn
:- """.'Pn“:‘"““.'ﬁ'm“u“""w“.?' :wu-vmmm;_:-n“m:wm 'Fﬁmww w‘;.w mumgunmmm“ murtmmm um::a 1309727
ﬂm\,ﬂhlv\'—‘},’?m b gyl il ige b ol | mmrrmlkumxlsmmkdllmmm‘“ﬂd%uurﬂmmoyﬂlm&ﬁ Subject to Section 7 aof Conditions of ap-
!m.ll: B pany Zl‘h’lnﬂl‘ﬁﬂﬂllﬂ'i o Sdil BRRETY. MM SETy AP W bR perforiad Pereundér shdl be salee® b afl Hhe condiions ol profibied byl herer confamed | plr‘Hl Bllul Llr.ing' if Ehis ;h;l'n'ntlstql;q
km‘n Fers, which am he i [he shipper and acrexes for Bmse and his 2 o the consignea withaut recourse on
I‘;w consignor, u:v consignor shall sign the
Dostraton: & Cust PO.__sspasos—riepor 108N 4oy | The cimer stal not make dokery of mis
88! ion: Ak G T el —— pmant w Dy L] and a
1 - P LY f
.tJI“:.: ;:'Ti-.:‘i'. HWY 47 Total Weight: 1350 Ererit wm:fm HIGHWAY
BLDG 7090 PRODUCTS, LLC
it aia . Ship: 5 Pa
City._ BRYAN State: TV Zip: 8 | Y EipAares Shelhar. L
. = ¥ If charges are 1o ba ren-aln wirita ar
A it S HEaRPM | stamp e, 10 bs o
Contact: NS acaar aedi Sana R RRERATE——
;?f’"’w 563310 n“rm::; —
e '-’E"H . Ii] iy i prapayment e charges
Dalivering Carrier: Mehicle or Car Initial Ne. Gt ety dencriiaet TiBin
Collect On Delivery: €.0.D. charge Shipper O ‘Agant or Caghiar
) and remit to: to be paid by Consignee O o
r
I'l'h'_:ﬁgﬂilln hare acknowiedges
anfy tha amaunt prepaid.}
Street City State Charges 3
o, Fiece " . Chass of o M Pi : _
o | Descriglion of Arficies gl - Phgs | Comt Descriplian of Articies ol e
Upon dglivery, all materials subiect to Trinity Highway Producrs, LC Stojmmd Stain Policy Mb. OMS-L3-002
Project [nfo: TEDOT PROJECT M60440.5
LD Copiments

GR00G FATKI5 5" HABLT A440 5°T

£

2

L\@d\[e

IPECIAL INSTALCTIONS;

SHIPPER LOAD - CONSIGNEE UNLOAD

16-76299 Total Weight

*If 1he shipment moves batwean two pons
MNOTE - Where tha rate i cependant on valuses
wdmmmua or1nen-rc-nen,-
statad by tha r 1o be

by & Carrier by water, tha law raquiras that the bill of lading shall stae whemer 1 15 “Camars or BhPPars weght-
ippers are required 1o State spacifically in writing the agreed ar declaned value of the the property.

S

# 1390

d make the declaration ol valuss (¥ 4 GUNSIGREE Recaived the above descnbed propery In gocd condifion except as noted an
z = harant 2‘_;)'1! e back hereal and agree ta the fomgoing contract 160me and condians.
| 59GN HERE 'qG'ENT fr
= . E-"'-
AGENT OR shipment wcm (] emﬂm nated and amu-nn e e GIGN HERE
DRIVER /}‘ and condition ot g PATE LA
DATE DAIVER WO

’eﬂnmmlommﬁ:a addness of shipper,

TRI B09-AF (A 10v93)

TR No. 0-6969

{This B of Lading i% io be signed by the shipper

CONSIGNERICI ISTOMER NP
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Table E.1. Summary of Strong Soil Test Results for Establishing Installation Procedure.

oot L3 TEaT 40000 .‘?EEI,Z'.EI“ ‘ Post-Test
L L &
T | Photo
- | .
> Static
oad Test
- _=
Percent Finer Vs. Grain Size of Fill Soil for Dynamic and StaticLoadTest: ] 24—INCH DIAMETER
GRANULAR FILL
100
a0 o ——
N\ o & 44:7/DIRECTION
A n = OF IMPACT
~ 0 g
™~ w g
i T ® "
20 Dynamic
;” Test
i eranSion 0 i i Installation
' Details
Compariso:'(;lsl:i:z:\rl]se.igl)r:fplacement WEX16
10000 % / STEEL
il WINCH OR » POST zp”
e HYDRAULIC 25
7000
o ’[ //// oo CYLINDER a—p
| /4 e 24 INCH [ 7+ | 727
- a0 VA __Dynamic, D\AMETER\A‘, : .
|/, GRANULAR K. -] |27, )
e/ Static Load FILL Ve ] 40 453
; Test Installation R I By
’ ’ Displac::nent(inch) * * Details R : R
[0 (= 2008-11-05
Test Facility and Site Location............... TTI Proving Ground, 3100 SH 47, Bryan, TX 77807

In Situ Soil Description (ASTM D2487)
Fill Material Description (ASTM D2487) and sieve analysis ....

Sandy gravel with silty fines
AASHTO Grade B Soil-Aggregate (see sieve analysis above)

Description of Fill Placement ProCcedure ..............coooiiiiiiiiiiiiiie e 6-inch lifts tamped with a pneumatic compactor
BOGi€ WEIGNT. ... .o e 5009 Ib
IMPACE VEIOCITY ...ttt ettt e e 20.5 mph
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Table E.2. Test Day Static Soil Strength Documentation for Test No. 469468-10-1.

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

14000
10000
g 8000
4000 -
2000
’ 5 10
Displacement (inch)
Percent Finer Vs. Grain Size of Fill Soil for Dynamic and Static Load Tests
AN .
\\\.\ 70
LT -5
\ 40 E
-."—"-..._ 30
il 20
" Grain Sizwe, D (mm) : .
Post-Test Photo of Post
1D 7= = 2017-11-27
Test Facility and Site Location ............cccvvvvvviiiiiiiiiiiiiiiiiienn, TTI Proving Ground — 3100 SH 47, Bryan, Tx
In Situ Soil Description (ASTM D2487) .........ccvvvvvvrivnenennnnnnns 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 .............ccccvvueeen. 6-inch lifts tamped with a pneumatic compactor




E.3. MASH TEST 3-21 (CRASH TEST NO. 469469-5)

E.3.1. Vehicle Properties and Information

Table E.3. Vehicle Properties for Test No. 469469-5.

Vehicle Inventory Number: 1427
Date: 2019-08-08 Test No.: 469469-5 VIN No.: 1C6RREFTBDS655185
Year: 2013 Make: RAM Madel: 1500
Tire Size: 26570 R 17 Tire Inflation Pressure: 35 psi
Tread Type: Highway Odometer: 172087
Mote any damage to the vehicle prior to test:  None
® Denotes accelerometer location.
NOTES: None ,“H,_'_: === T
= ) Al
Engine Type: V-8 || |l|' fr
Engine CID: 4.7 liter |\ A= |y ==
Transmission Type; h ST IR €.
Auto  or Manual Py
| | FWD [#] RWD | 4WD . — :I'I--—_{I |
. \ r B | P — .
Optional Equipment: =il ¥t ] |
None )| :t ] o= | [
=N gy U B
Dummy Data: : Y v e "7 £y
Type: NONE = ¥ 8
Mass: 0 Ib Lg Ly
Seat Position: » B -
Geometry: inches L ) o
A 78.50 F 40.00 K 20,00 P 3.00 U 26.75
B 74.00 G 28.38 L 30.00 Q 30.50 Y 30.25
C 227.50 H 60.46 M 68.50 R 18.00 W 60.40
D 44.00 I 11.75 N 68.00 5 13.00 X 79.00
E 140.50 J 27.00 0 46.00 T 77.00
Wheel Center Wheel Well Bottom Frame
Height Front 14.75 Clearance (Front) 6.00 Height - Front 12.50
Wheel Center Wheel Well Bottom Frame
Height Rear 14.75 Clearance (Rear) 9.25 Height - Rear 22,50
RAMNGE LIMIT: A=7B 47 inchas; C=237F +13 inchas; F=148 412 inchas; F=39 43 inchas; G == 28 inchas; H = &2 +4 inchas; O=43 =4 inches; (MHMNUZ=ET #1 6 inchas
GVWR Ratings: Mass: |b Curb lest Inertial Gross Static
Front 3700 Mt 2915 2870
Back 3900 Mrear 2096 2168
Taotal 6700 M atal 5011 5038 0
- (Allcwatie Rangs for TIM and GEM = 5000 b 110 Ib)
Mass Distribution:
b LF: 1437 RF: 1433 LR: 1117 RR: 1051
Performed by: SCD Date: 2018-08-08
TR No. 0-6969 E-32 2020-05-28



Table E.4. Measurements of Vehicle Vertical CG for Test No. 469469-5.

Vehicle Inventory Number: 1427
Date: 2019-08-08 Test No.: 469469-5 VIM: 1CERRGFTBDSE55185
Year: 2013 Make: RAM Model: 1500
Body Style: Quad Cab Mileage: 172087
Engine: 4.7 liter V-8 Transmission: Automatic
Fuel Level: Empty Ballast: 100 {440 Ib max)
Tire Pressure: Front: 35  psi Rear: 35  psi Size: 265/7f0R 17

Measured Vehicle Weights: (lb)

LF: 1437 RF: 1433 Front Axde: 2870
LR: 1117 RR: 1051 Rear Axie: 2168
Left: 2554 Right: 2484 Total: 5038

5000 £110 Ib allowed

Wheel Base: 140.50 inches Track: F: 68.50 inches R: 68.00 inches

148 £12 inches allowed Track = (F+RY2 = 67 £1.5 inches allowed

Center of Gravity, SAE J874 Suspension Method

x 60.46 inches Rear of Front Axle (83 +4 inches allowed)
h# -0.47 inches Left - Right + of Vehicle Centerline
Z: 28.38 inches Above Ground {minumum 28.0 inches allowed)
Hood Height: 46.00 inches Front Bumper Height: 27.00 inches

43 £4 inches allowed

Front Overhang: 40.00 inches Rear Bumper Height: 30.00 inches

39 23 inches allowed

Overall Length: 227 .50 inches

237 £13 inches allowed

Performed by: SCD Date: 2019-08-08
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Table E.5. Exterior Crush Measurements of Vehicle for Test No. 469469-5.

Vehicle Inventory Mumber: 1427
Date: 2019-08-08 Test No.: 469469-5 VIM No.: 1CB6RREFT8DSE55185
Year: 2013 Make: RAM Model: 1500

VEHICLE CRUSH MEASUREMENT SHEET'

Complete When Apphicable

End Damage Side Damage

Undeformed end width Bowing: B1 X1

Corner shift: Al S . ¢
A2

End shift at frame (CT(C) Bowing constant
(check one) X+ X2
< 4 inches T -

=4 inches

Mote: Measure C; to Ci, from Driver to Passenger Side in Front or Fear Impacts - Fear to Front in Side Impacts.

Dhirect Damage

Speific . . . . . N
Impact Flane® of Width** Ml ** Field G L2 L L s L 0
Numher C-Measurerments 1CDCY Crush L*=
1 AT FT BUMPER - 10 - - - - - - - -
2 SAME - 10 - -l -1 -1-1-1- -

Measuremenlts recorded

inﬂhm or ||I:||

Flable taken from National Accident Sampling Svstem (NASS),

*ldentify the plane at which the C-measurements are taken (e.g., at bumper, above bumper, at sill, above sill, at
beltling, 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 imclude the following: bumper lead, bumper taper, side protrusion, side taper, ele.
Record the value for each C-measurement and maximum crush.

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

#*#0Measure and document on the vehicle diagram the location of the maxinmum crush.

Mote: Use as many lines/columns as necessary to describe cach damage profile.

Performed by: SCD Date: 2019-08-08
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Table E.6. Occupant Compartment Measurements of Vehicle for Test No. 469469-5.

Vehicle Inventory Number: 1427
Date: 2019-08-08 Test Mo.: 469469-5 VIN No.: 1C6RREFTBDS655185
Year: 2013 Malke: RAM Model: 1500
OCCUPANT COMPARTMENT

DEFORMATION MEASUREMENT

: Hr Before After Differ.
(inches)
E3 B4 A1 65.00 65.00 0.00
A2 63.00 63.00 0.00
U_Ml= A3 65.50 65.50 0.00
B1 45.00 45.00 0.00
B2 38.00 38.00 0.00
B3 45.00 46.50 1.50
B4 39.50 39.50 0.00
B5 43.00 43.00 0.00
B6 39.50 39.50 0.00
cA1 26.00 26.00 0.00
c2 0.00 0.00 0.00
C3 26.00 22.00 -4.00
D1 11.00 11.00 0.00
D2 0.00 0.00 0.00
7 | ‘},‘ D3 11.50 12.50 1.00
E1 58.50 61.00 2.50
=i BZ,5
B4 | B36 E2 63.50 65.50 2.00
| Bl —— E3 63.50 63.50 0.00
[ | E4 63.50 63.50 0.00
T C/, essss F 59.00 59.00 0.00
_— G 59.00 58.00 0.00
H 37.50 37.580 0.00
*Lateral area across the cab from driver's side | 37.50 37.50 0.00
kickpanel to passenger's side kickpanel, " 25 00 21.50 3,50
Performed by:  SCD Date: 2019-08-08

TR No. 0-6969 E-35 2020-05-28



E.3.2. Sequential Photographs

Figure E.1. Sequential Photographs for Test No. 469469-5 (Overhead and Gut Views).
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Figure A.1. Sequential Photographs for Test No. 469469-5 (Overhead and Gut Views)
(Continued).
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0.700 s
Figure E.2. Sequential Photographs for Test No. 469469-5 (Rear View).
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E.3.3. Vehicle Angular Displacement
Roll, Pitch and Yaw Angles

30

20
__ 10
(7]
7 —
2 o
(=]
(]
Z 10
o
E‘D 20
<

-30

-40

-50

0 05 10 15 20

— Roll  — Pitth — Yaw

Axes are vehicle-fixed.
Sequence for determining
orientation:

22. Yaw.

23. Pitch.

24. Roll.

Test Number: 469469-5

Test Standard: 3-21

Test Article: Thrie-Beam Transition without end shoe block
Test Vehicle: 2270P/ 2013 RAM 1500

Inertial Mass: 5038 Ib

Gross Mass: 5038 |b

Impact Speed: 62.3 mi/h

Impact Angle: 25.1 degrees

Figure E.3. Vehicle Angular Displacements for Test No. 469469-5.
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20

-20

-30

Longitudinal Acceleration (g)
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Vehicle Acceleration

X Acceleration at CG
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Time (s)

— Time of OIV(0.1057 sec) — SAEClass 60 Filter — 50-msec average ‘ Test Number: 469469-5

Test Standard: 3-21

Test Article: Thrie-Beam Transition without end shoe block
Test Vehicle: 2270P/ 2013 RAM 1500

Inertial Mass: 5038 |b

Gross Mass: 5038 Ib

Impact Speed: 62.3 mi/h

Impact Angle: 25.1 degrees

Figure E.4. Vehicle Longitudinal Accelerometer Trace for Test No. 469469-5
(Accelerometer Located at Center of Gravity).
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Test Standard: 3-21

Test Article: Thrie-Beam Transition without end shoe block
Test Vehicle: 2270P/ 2013 RAM 1500

Inertial Mass: 5038 Ib

Gross Mass: 5038 |b

Impact Speed: 62.3 mi/h

Impact Angle: 25.1 degrees

Figure E.5. Vehicle Lateral Accelerometer Trace for Test No. 469469-5
(Accelerometer Located at Center of Gravity).



61769-0 ON d.L

4

8C-50-0C0C

Vertical Acceleration (g)

Z Acceleration at CG

20
10 |
0 ) /\LAMM’\WMLAMLMM Py A AAA:—A_AM A n
f 1 L TSR -
-10 v
-20
-30
0 05 1.0 15
Time (s)

20

— SAEClass 60 Filter

— 50-msec average Test Number: 469469-5

Test Standard: 3-21

Test Article: Thrie-Beam Transition without end shoe block
Test Vehicle: 2270P/ 2013 RAM 1500

Inertial Mass: 5038 Ib

Gross Mass: 5038 Ib

Impact Speed: 62.3 mi/h

Impact Angle: 25.1 degrees

Figure E.6. Vehicle Vertical Accelerometer Trace for Test No. 469469-5
(Accelerometer Located at Center of Gravity).




APPENDIX F. TXDOT SINGLE WOOD POST SKID-MOUNTED
SUPPORT SYSTEM

F.1. DETAILS OF THE SINGLE WOOD POST SKID-MOUNTED SUPPORT
SYSTEM

Test Installation

40lb. Sandbag (x 2)—.

Plan View - Detail A
A Scale 1:10

+—Sign Panel, 36" x 36" x 0.10" Aluminum

84"

Elevation Views

-
-

Y 1 IHE |

1a. Al Bolts are grade 5. Al hex head Bolts  Jes A Phynl Secunty Dision -
are with two USS Flat Washers, one Hex Nut, A ,,,s,,-n’,’fe Proving Ground

f:’l“i one Ir;OCk '?'t‘:fsr‘ﬁr: ‘Ii”d"f;“h Nut. One USS Project #469469-6-1 Single Post Skid Sign 2019-02-26 1
at Yrasherwilh each Lag Screw. Drawn by GES Scale 1:20 Sheet 1 of 3/ Test Installation .
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Bolt, 3/8 x 4 1/2" hex—, Connection Details
Sandbags not shown for clarity

Post—__

Brace Detail

Scale 1:10 Isometric View
Skid
Lag Screw, 3/8 x 3 1/2"—, —Block
—Outrigger
Brace—-_
Block—
[ \
Outrigger— —Bolt, 3/8 x 7 1/2" hex

—Skid

Bolt, 3/8 x 7 1/2" hex

“—Lag Screw, 3/8 x 3 1/2"

Lag Screw, 3/8 x 3 1/2" —/

2a. All Bolts are grade 5. All hex head Bolts = Texas AsM Roadside Safety and
are with two USS Flat Washers, one Hex Nut, / Transportation Physical Security Division -
and one Lock Washer under each Nut. One USS Al institute Proving Ground

Flat Washer with each Lag Screw. Project #462469-6-1 Single Post Skid Sign 2019-02-25

Drawn by GES Scale 1:15 Sheet 2 of 3 / Connection Details
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Parts

= o0 =
— o . =
T e M 223 2 ? s
IR I |t |l
—F o d— Sqi2" ; : 4m | |
e )
o o o
) r % °
ut
\—See 3b Skid
2x6
X Elevation View
| = L=
. 3-1/2
—p=4— FURY, o B j i
| |
Qutrigger
2x6
Elevation View
| Scale 1:10
+—See 3b
Block ! oo
: 4x4 ) SN D
Elevation View __o- 1= ¥ s
Scale 1:10 Y qpm
' 1-1/4" — jont—
'
! It o
g
- 34-1/2" -
. "
Rt '] ]
45.0° Brace
r
' 2x4
Scale 1:10
. o 3'.4 L o Ja. All lumber sizes are nominal.
I 10-10-3/4" 1~ ] 3b. @ 1/2" hole, typical all holes in all parts.
— 11-0" = _#_
= ]'._rexasMM - Raadlsisde Safety and
ransportation sical Security Division -
Post ‘ l'nstiu’:ge Y Proving Grtgund
4 x 4 (see 3a) : - -
Project #469468-6-1 Single Post Skid Sign 2018-02-25

Elevation Views
Drawn by GES  Scale 1:15 | Sheet 3 of 3/ Parts
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F.2. MASH TEST 3-72 (CRASH TEST NO. 469469-06-02)

F.2.1. Vehicle Properties and Information

Table F.1. Vehicle Properties for Test No. 469469-06-02.

Vehicle Inventory Number:

Date: 2019-04-18 Test No.:

Year: 2015 Make:
Tire Size: 265/7T0 R 17

Tread Type: Highway

MNote any damage to the vehicle prior to test:

& Denotes accelerometer location.

NOTES: None

Engine Type: V-8

Engine CID: 4.7 liter

Transmission Type:

ﬂ Auto or [] Manual

FWD 7] RWD 4WD

Optional Equipment:
MNane

1402
469469-06-02 VIN No.: 1CBRREFT7FS542816
RAM Model: 1500
Tire Inflation Pressure: 35 psi
Odometer: 132352
Mone
- ; ’

L} WHEEL
= 3 — g TREZE
T

Dummy Data:
T?F‘Ei NOMNE

Mass: 0 Ib

Seat Position:

Geometry: inches

2=TEST THEETIALC. M

-

s L
A 78.50 F 40.00 K 20.00 P 3.00 27.50
B 74.00 G 28.00 L 30.00 Q 30.50 31.25
C 227.50 H 62.10 M 68.50 R 18.00 62.10
D 44.00 I 11.75 M 68.00 s 13.00 76.50
E 140.50 J 27.00 [s] 46.00 T 77.00
Wheel Canter Wheel Well Botlom Frame
Height Front 14.75 Clearance (Front) 6.00 Height - Front 12.50
Wheel Center Wheel Well Bottom Frame
Height Rear 14.75 Clearance (Rear) 9.25 Height - Rear 22.50
RANGE LIMIT: A=T8 £2 inchas; =237 13 inches; E=148 312 inches; F=3% 23 inches; G = > 2B inchas; H = 61 4 inches; O=43 24 inches; (MHNY2=ET £1.5 inches
GVWR Ratings: Mass: |b Curb Test Inertial Gross Static
Front 3700 Mront 2898 2803
Back 3900 Mrear 2031 2223
Total 6700 M Tots 4929 5026 0
- [Alicwabile Rangs for TIM and G5 = 5000 I £110 Ib)
Mass Distribution:
b LF: 1392 RF: 1411 LR: 1148 RR: 1075
Performed by: SCD Date: 2019-04-16
TR No. 0-6969 F-4 2020-05-28



Table F.2. Measurements of Vehicle Vertical CG for Test No. 469469-06-02.

Vehicle Inventory Number: 1402
Date:  2019-04-16  Test No.: 469469-06-02 VIN: 1CERREFTTFSS542816
Year: 2015 Make: RAM Madel: 1500
Body Style: Quad Cab Mileage: 132352
Engine: 4.7 liter V-8 Transmission: Automatic
Fuel Level: Empty Ballast: 140 {440 It max)
Tire Pressure: Front: 35  psi Rear: 35 psi Size: 265/70 R 17

Measured Vehicle Weights: (lb)

LF: 1392 RF: 1411 Front Axle: 2803
LR: 1148 RR: 107% Rear Axle: 2223
Left: 2540 Right: 2486 Total: 5026

SO00 £110 Ik allowed

Wheel Base:  140.50 inches  Track: F: 68.50 inches R: 68.00 inches
148 +12 inches allowed Track = (F+R¥2 = 7 £1.5 inches allowad

Center of Gravity, SAE J874 Suspension Method

X 62.14 inches Rear of Front Axle (53 +4 inches allowed)

Y -0.37 inches Left - Right + of Vehicle Centerline
2. 28.00 inches Above Ground {minumum 28,0 inches allowed)
Hood Height: 46.00 inches Front Bumper Height: 27.00 inches

43 +4 inches allowed

Front Overhang: 40.00 inches Rear Bumper Height: 30.00 _ inches

39 13 inches allowed

Overall Length: 227.50 inches

237 £13 Inches allowed

TR No. 0-6969 F-5 2020-05-28



Table F.3. Exterior Crush Measurements of Vehicle for Test No. 469469-06-02.

Vehicle Inventory Number: 1402
Date- 2019-04-18 Test No.: 469469-06-02 VIN No.: 1CE6RREFTTFSR42816
Year: 2015 Make: RAM Model: 1500

VEHICLE CRUSH MEASUREMENT SHEET!
Complete When Applicable

End Damage Side Damage

Undeformed end width Bowing: Bl X1

Corner shifi: Al B2 X2 __
A2

End shift at frame (CDC) Bowing constant
(check one) X1+ X2
< 4 inches T -

= 4 inches

Mote: Measure C to Cs from Drver to Passenger Side in Front or Rear Impacts — Rear to Front in Side Impacts.

Dhirect Damage

Specific . . , " “ y
. . i [ s 0y [ Oy Ca +I

[impace Plane® of Width** Max*** Field I '

Mumber C-Measuremenis (CDCy Crush =

Measurements recorded

im:hes or mm

'Table taken from National Accident Sampling System (NASS),

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

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

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

3 Measure and document on the vehicle diagram the location of the maximum crush.

Mote: Use as many lines/columns as necessary to describe cach damage profile.
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Table F.4. Occupant Compartment Measurements of Vehicle for Test No. 469469-06-

02.
Vehicle Inventory Mumber: 1402
Date: 2019-04-18  Tast No- 469469-06-02 /N No.- 1C6RREFTTFS542816
Year: 2015 Make: RAM Model: 1500
OCCUPANT COMPARTMENT
- DEFORMATION MEASUREMENT
= N Before After Differ.
(inches)

2 | E3 E4 Al 65.00 65.00 0.00
A2 63.00 63.00 0.00
U= A3 65.50 65.50 0.00
B1 45.00 45.00 0.00
B2 38.00 34.50 -3.50
B3 45.00 45.00 0.00
B4 39.50 39.50 0.00
B5 43.00 43.00 0.00
B6 39.50 39.50 0.00
C1 26.00 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
Bo e E1 58.50 58.50 0.00
Bid | 536 E2 63.50 63.50 0.00
— El=4——— E3 63.50 63.50 0.00
l E4 63.50 63.50 0.00
== U_ = E 59.00 59.00 0.00
G 59.00 59.00 0.00
H 37.50 37.50 0.00
“Lateral area across the cab from driver's side | 37.50 37.50 0.00
kickpanel to passenger’s side kickpanel, 5 25.00 25.00 0.00
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F.2.2. Sequential Photographs

% 8
' A2 A I &
'15’@;571551’&5_-’5-2?‘,,,,, A ,\ _
Jg'g"g*!i ;’%%E' . i
v S
11
| |DEE |
0.000 s
0190k TBTESTAMES 2
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: 0.100 s
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24

0.150 s

Figure F.1. Sequential Photographs for Test No. 469469-06-02
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(Oblique and Right Angle views).
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Figure A.1. Sequential Photographs for Test No. 469469-06-02
(Oblique and Right Angle views) (Continued).
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F.2.3.

Angles (degrees)

Vehicle Angular Displacement

Roll, Pitch and Yaw Angles

/\/

e
——
—
02 04 06 08 1.0 12 14
Time (s)
— Roll — Pitth — Yaw

Test Number: 469469-06-02

Test Article: Wood Skid Sign
Test Vehicle: 2015 RAM 1500
Inertial Mass: 5026 Ib

Gross Mass: 5026 Ib

Impact Speed: 62.2 mi/h
Impact Angle: 90 degrees

Test Standard, Test Number: MASH 2016, 3-72

Axes are vehicle-fixed.

Sequence for determining

orientation: -
25. Yaw. T
26. Pitch.
27. Roll.

Figure F.3. Vehicle Angular Displacements for Test No. 469469-06-02.
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Longitudinal Acceleration (g)
o

Vehicle Acceleration

X Acceleration at CG
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v

|
;W\WW IR

06

038
Time (s)

— Time of OIV(0.8294 sec) — SAEClass 60 Filter

— 50-msec average

1.0 12 14

Test Number: 469469-06-02

Test Standard, Test Number: MASH 2016, 3-72
Test Article: Wood Skid Sign

Test Vehicle: 2015 RAM 1500

Inertial Mass: 5026 Ib

Gross Mass: 5026 Ib

Impact Speed: 62.2 mi/h

Impact Angle: 90 degrees

Figure F.4. Vehicle Longitudinal Accelerometer Trace for Test No. 469469-06-02
(Accelerometer Located at Center of Gravity).



6969-0 ON d.L

cl-d

8C-50-0C0C

Lateral Acceleration (g)

Y Acceleration at CG

|

“0

19 A

TRV

C
q
q

T

2 04

06

0.8
Time (s)
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Test Number: 469469-06-02

Test Standard, Test Number: MASH 2016, 3-72
Test Article: Wood Skid Sign

Test Vehicle: 2015 RAM 1500

Inertial Mass: 5026 Ib

Gross Mass: 5026 Ib

Impact Speed: 62.2 mi/h

Impact Angle: 90 degrees

Figure F.5. Vehicle Lateral Accelerometer Trace for Test No. 469469-06-02
(Accelerometer Located at Center of Gravity).
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16
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Test Number: 469469-06-02

Test Standard, Test Number: MASH 2016, 3-72
Test Article: Wood Skid Sign

Test Vehicle: 2015 RAM 1500

Inertial Mass: 5026 Ib

Gross Mass: 5026 Ib

Impact Speed: 62.2 mi/h

Impact Angle: 90 degrees

Figure F.6. Vehicle Vertical Accelerometer Trace for Test No. 469469-06-02
(Accelerometer Located at Center of Gravity).






APPENDIX G. TXDOT PERFORATED SQUARE STEEL TUBE SIGN
SUPPORT

G.1. DETAILS OF THE PERFORATED SQUARE STEEL TUBE SIGN SUPPORT
469469-07-02

22" Typ —,
- e +2-1/8"
| T O
A i o | Detail A
H A ] Scale 1:5
: L o
: g o
: o |
H
*
: |
T g 1
: .
84" |
: : |
£ H [
: : |
: 5
: : i o ) £-0:]
i [ o |
: } O |
: ? O
: Ground Line ) o]
: i O |
I P I 4 ¥ F O
H : ’
. : e]
H A H #
i E i Y O
: : s}
: :
32" : ; e
: : Detail B
‘ ° Scale 1:5
Y ) H
- |-ﬂ 21
= Texas A&M Roadside Safety and
== Transportation Physical Security Division -
Al nstitute Proving Ground
Project #469469-7 Embedded Unistrut Sign Support 2019-08-16

Drawn by GES Scale 1:20 Sheet 1 of 1 [ Test Installation
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G.1.1.

Supporting Certification Documents

Table G.1. Test Day Static Soil Strength Documentation for Test No. 469688-7-2.

A= Post-Test
Photo —>'
’ y \\’ Static
Y/, .3
Jog
Post-Test of s § Load Test
: o Photo of post P i e
o ,,L“At: > o H e R
Percent Finer Vs. Grain Size of Fill Soil for Dynamic and Static Load Tests éé;mﬁiRD‘FA‘mETER @
\ B
100 : Il:
0
\ a0 Z:4%5/DIRECTION I]:‘
OF IMPAC =
N w 6B
N ]
. & 'g WBX16 STTEL POST
= : -t "; ;:ﬂl
a5 =
b= = . » _ | L
. ? Dynamic 3f J:QCDP;ETGH N \—/\u
“ Test YR R
0 Installation
10 1 01 001 .
Grain Size. D (mm) Details
Compariso:t;fs :?1?;: }’1:| ;:rplacement [ év _?EXEWL(S
10000
o |7 WINCH OR: , POST 327
o H HYDRAULIC 25
CYLINDER B %
::Z: I // —Bogie Data .
2 ol /4 —ynamic 24 INCH S S 72
5 4000 , // —gequirgd D‘AM ETER \ 3 . i
namic 2
| 4 —Staiopul GRANULAR N . )
oo I/ FILL . 40 43
1000 / Static Load “
o Test Installation
0 5 10 15 20 . ||
Displacement (inch) Detalls -
(D] (= S SO PP PPN 2008-11-05

Test Facility and Site LOCatioN..........cc.oiiiiiiiiii e
In Situ Soil Description (ASTM D2487)........ciiiiiiieiiie et
Fill Material Description (ASTM D2487) and sieve analysis.

Description of Fill Placement Procedure

BOGi€ WEIGNT. ...
IMPACE VEIOCITY ....eeeie ettt e e e et e e e e e e e nnrnnees

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

Sandy gravel with silty fines

AASHTO Grade B Soil-Aggregate (see sieve analysis above)

6-inch lifts tamped with a pneumatic compactor

5009 Ib

20.5 mph
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Table G.2. Test Day Static Soil Strength Documentation for Test No. 469469-7-2.

Load (Ib)

12000

10000

8000

6000

4000

2000 -

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

5 10 15
Displacement (inch)

DLoad vs. Di from Static Load Test @ Minimum Static Load

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

100

a0
a0

70

B0

50

Percent Finer

40

30

20

10 1 0.1
Grain Size, D (mm)

A0 xT e LA
Post-Test Photo of Post

Date
Test Facility and Site Location
In Situ Soil Description (ASTM D2487)

Fill Material Description (ASTM D2487) and sieve analysis

Description of Fill Placement Procedure

2018-12-04

TTI Proving Ground — 3100 SH 47, Bryan, Tx

Sandy gravel with silty fines

AASHTO Grade B Soil-Aggregate (see sieve analysis)

6-inch lifts tamped with a pneumatic compactor




G.1.2. Vehicle Properties and Information

Table G.3. Vehicle Properties for Test No. 469469-07-02.

Vehicle Inventory Number: 1352

Date: 2p19.08-23 Test No.: 469469-7-2 VIN No.:  KNADH4A31BE714470
Year: 2011 Make: Kia Model: Bio
Tire Inflation Pressure: 32 PSI Odometer: 138332 Tire Size: 185/65R14

Describe any damage to the vehicle prior to test:  Mane

i ~ i
® Denotes accelerometer location. i [
NOTES: '

A M | ™ N T

|

Y ' I' - Y
Engine Type: 4 CYL h
Engine CID: 16L
Transmission Type:

Aute  or [ ] Manual A
vl Fwp [ RWD _[] 4wD
Optional Equipment: i I H
MNone $
0 LY
r rrery
Dummy Data: K
Type: 50th Percentile Male
Mass: 165 Ib
Seat Position: QPPOSITE IMPACT - X -
Geometry: inches :
A 6638 F 3300 K 1225 P 41z U 1475
B 5150 G L 2525 Q 2250 V 2075
C 185.75 H 3516 M 57.75 R 1550 W 3510
D 3400 | 7.75 N 57.70 S gzs X 7150
E 9875 J 2150 O 27.00 T 86.20
Wheel Center Ht Front 11_00 Wheel Center Ht Rear 11.00 W-H 0.00
RAMGE LIMIT; & =64 +3inchas; C = 169 48 inchas; E = 88 =hinches; F = 3 =4 inchas: H = 39 +4 inches: O (Battom of Heod Lip) = 24 =4 inches
TOF OF RADIATOR SUFPORT = 2828  inches; (M+MN2 = 55 =2 Inches; W-H = 2 inches or use MASH Paregraph A4.3 .2
GVWR Ratings: Mass: Ib Curb Test Inertial Gross Static
Front 1718 Mirant 1637 1573 1658
Back lg H Mraa' E]E ,i!!l EEQ— .&5!2.!10_
Total 3638 Mota 2544 2443 2608
Allpwable T = 2420 b +55 | | Allowabls GSM = 2585 b = 55 b
Mass Distribution:
b LF: 753 RF: ‘az20 LR: 483 RR: a7
Performed by:  scp Date: 2019-08-23
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Table G.4. Exterior Crush Measurements of Vehicle for Test No. 469469-07-02.

Vehicle Inventory Number: 1352
Date: 2019-08-23 Test No.: 469469-7-2 VIN Mo.: KMNADH4A31B6714470
Year: 2011 Make: Kia Model: Rio

VEHICLE CRUSH MEASUREMENT SHEET'
Complete When Applicable

End Damage Side Damage
Undeformed end width Bowing: B X1
Corner shift: Al B2 X2
Al
End shift at frame (CDC) Bowing constant
{check one) X1+ X2
< 4 inches 2
= 4 inches

MNote: Measure T 1o Cs from Driver to Passenger Side in Front or Rear Impacts — Rear 1o Front in Side Impacis.

Direct Damage

Specific . . . . . ,

C Cy C Ca Cs Cy 0
Impaci Plane* of Widih** Blax®** Freld ' ) ! ’
Mumber C-Measurements (CTHT) Crush L**

Measurements recorded

inches or rnm

'"Table taken [rom National Accident Sampling System (NASS).

*ldentify the plane at which the C-measurements are taken (e.g., at bumper, above bumper, at sill, abowve 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,

**heasure and document on the vehicle diagram the beginning or end of the direct damage width and field L {e.z.,
side damage with respect to undamaged axle).

¥ easure and document on the vehicle diagram the location of the maximum crush,

Mote: Use as many lines/columns as necessary to describe each damage profile.

Performed by: SCD Date: 2019-08-23
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Table G.5. Occupant Compartment Measurements of Vehicle for Test No. 469469-07-

02.
Vehicle Inventory Mumber. 1352
Date: 2019-08-23  Test No. 469469-7-2 VIN No. KNADH4A31B6714470
Year: 2011 Maka: Kia Model: Rio
~ OCCUPANT COMPARTMENT
i DEFORMATION MEASUREMENT
' Before  After  Differ.
(inches)
A1 67.50 67.50 0.00
(;:j I A2 67.25 67.25 0.00
A3 67.75 67.75 0.00
B1 40.50 40.50 0.00
B2 39.00 31.50 -7.50
B1,B2, B3, B4, BS, B6 B3 40.50 29.00 -11.50
j l B4 36.25 36.25 0.00
m{!: \ B5 36.00 36.00 0.00
1Pt e abi p B6 36.25 36.25 0.00
© i — c1 26.00 26.00 0.00
c2? 0.00 0.00 0.00
C3 26.00 26.00 0.00
D1 9.50 9.50 0.00
. D2 0.00 0.00 0.00
/ ‘ \ D3 9.50 9.50 0.00
(TR T E1 51.50 51.50 0.00
Ejfz E2 51.00 51.00 0.00
F 51.00 51.00 0.00
h— G 51.00 51.00 0.00
H 37.50 37.50 0.00
I 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.
Performed by:  SCD Date: 2019-08-23
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G.1.3. Sequential Photographs

0.000 s

0.050 s

0.100 s

Figure G.1. Sequential Photographs for Test No. 469469-07-02

TR No. 0-6969 G-7 2020-05-28



(Oblique and Right Angle views).

e g A

0.250 s

0.300 s

Figure A.1. Sequential Photographs for Test No. 469469-07-02
(Oblique and Right Angle views) (Continued).

TR No. 0-6969 G-8 2020-05-28



6D 6969-0 ON d.L

8C-50-0C0C

G.14.

Vehicle Angular Displacement

Roll, Pitch and Yaw Angles

/N

Angles (degrees)

W

05 1.0 15 20
Time (s)
— Roll — Pitch — Yaw
Test Number: 469469-07-02 Axes are vehicle-fixed.
Test Standard, Test Number: MASH 2016, 3-61 Sﬁg#&%‘;f‘” determining
Test Article: Embedded Unistrut® Sign Post 28 Yaw. B
Test Vehicle: 2011 Kia Rio 29. Pitch. .
Inertial Mass: 2443 Ib 30. Roll.

Gross Mass: 2608 Ib
Impact Speed: 62.7 mi/h
Impact Angle: 0 degrees

Figure G.3. Vehicle Angular Displacements for Test No. 469469-07-02.
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G.1.5.

Vehicle Acceleration

X Acceleration at CG

Longitudinal Acceleration (g)
N

ﬂnﬂlﬁm&rﬂﬁ&&u&ﬂ,.m_ el OO peen PNV Yl E ST WSy Wil I
:J-v,n,,,wm—vr s bt A et e
' I
l
0 05 10 15 20
Time (s)
— Time of OIV(0.7037 sec) — SAEClass 60 Filter — 50-msec average ‘

Test Number: 469469-07-02

Test Standard, Test Number: MASH 2016, 3-61
Test Article: Embedded Unistrut® Sign Post
Test Vehicle: 2011 Kia Rio

Inertial Mass: 2443 |b

Gross Mass: 2608 Ib

Impact Speed: 62.7 mi/h

Impact Angle: 0 degrees

Figure G.4. Vehicle Longitudinal Accelerometer Trace for Test No. 469469-07-02

(Accelerometer Located at Center of Gravity).
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Lateral Acceleration (g)

Y Acceleration at CG

u
s Dl AN A b e A A 2 om A A A
V AT VWO T W W YW AR
Il UI
05 1.0 15
Time (s)
— Time of OIV(0.7037 sec) — SAEClIass 60 Filter — 50-msec average ‘

Test Number: 469469-07-02

Test Standard, Test Number: MASH 2016, 3-61
Test Article: Embedded Unistrut® Sign Post
Test Vehicle: 2011 Kia Rio

Inertial Mass: 2443 Ib

Gross Mass: 2608 Ib

Impact Speed: 62.7 mi/h

Impact Angle: 0 degrees

Figure G.5. Vehicle Lateral Accelerometer Trace for Test No. 469469-07-02
(Accelerometer Located at Center of Gravity).

20
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Vertical Acceleration (g)

Z Acceleration at CG

o

oA v MYal v B R e A A o

0 05

— SAEClass 60 Filter — 50-msec average

10
Time (s)

15

Test Number: 469469-07-02

Test Standard, Test Number: MASH 2016, 3-61
Test Article: Embedded Unistrut® Sign Post

Test Vehicle: 2011 Kia Rio
Inertial Mass: 2443 |b
Gross Mass: 2608 Ib
Impact Speed: 62.7 mi/h
Impact Angle: 0 degrees

Figure G.6. Vehicle Vertical Accelerometer Trace for Test No. 469469-07-02
(Accelerometer Located at Center of Gravity).
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G.2.
469469-07-05

TR No. 0-6969

/—Aluminum Sign Panel
0.100 x 36" square

R2" Typ —

\

_~—Unistrut, 2"x11-9"

s 12 gauge

Ground Line

_~Unistrut, 2-1/4" x 42"
12 gauge

ceeeesevedperssacseaansradelrassiiasersasesiaassraasransiiiseraaaeEiassianseransiiiaseasaesisassaasraant

L

| T T T LT T LT T T T T T T T T T T T LT T T T T T T T T T T YT TTTTTTTTTTTTTITTTTIT |

[rsesereseees

/_—' ;’exas A&Mﬁ
ranspor tation
Al |;stitute

Project #469469-7 Embedded Unistrut Sign Support

Drawn by GES

G-13

DETAILS OF THE PERFORATED SQUARE STEEL TUBE SIGN SUPPORT

+2-1/8"

Detail A
Scale 1:5

4-1f2

L

00000

Bolt, 3/8 x 3" hex Grade 5—
sher, 3/8 F844 (x 2)
Washer, 3/8 lock
Nut, 3/8 hex
Typical 2 places
Drill @7/16™ holes in sign.

V=
Was

MNut, 516 hex Inr:k—;
1

Washer, 516 F54'-’-—| |

5/16" Comner Bolt for—, |
2 1/2" Tubing

Unistrut, 2 1/2" x 18",

12 gauge ™

EEl =
7
I

Detail B
Scale 1:5

Roadside Safety and
Physical Security Division -

Proving Ground
2019-08-27

Scale 1:20 Sheet 1 of 1/ Test Installation

2020-05-28
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G.2.1.

Supporting Certification Documents

Table G.6. Test Day Static Soil Strength Documentation for Test No. 469688-7-5.

.

i,,
i

4

Post-Test
Photo

Static
Load Test

—>"

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

24—INCH DIAMETER
GRANULAR FILL

100
a0
\ 80
\ 70 N
T~ o i%
~ 50 g
a w g
T a Dynamic 3?
20
“ Test 2L
; Installation tOL
10 1 01 001 . - L
Grain Size. D (mm) Details S L]
Compariso:&fsl-.izz: \t/‘:.i;::placement W6X16
10000 STEEL
o |7 WINCH OR: - POST o7
o H HYDRAULIC 25
7000 CYLINDER
6000 I // —Bogie Data L =
St o, 22 meH [ 72
ol / —Rorad DIAMETER [
Dynamic -
| 4 —Staerur GRANULAR N ) .
oo I/ FILL . 40 43
1000 / Static Load
0 Test Installation
0 5 10 20 .
Displacement (inch) Detalls -
9 (P 2008-11-05
Test Facility and Site LOCatioN..........cc.oiiiiiiiiii e TTI Proving Ground, 3100 SH 47, Bryan, TX 77807
In Situ Soil Description (ASTM D2487)........ciiiiiiieiiie et Sandy gravel with silty fines
Fill Material Description (ASTM D2487) and sieve analysis . weeeeer..._AASHTO Grade B Soil-Aggregate (see sieve analysis above)
Description of Fill Placement Procedure.............c.oooiiiiiiiiiiiiie e 6-inch lifts tamped with a pneumatic compactor
BOGi€ WEIGNT. ... 5009 Ib
IMPACE VEIOCITY ....eeeie ettt e e e et e e e e e e e nnrnnees 20.5 mph
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Table G.7. Test Day Static Soil Strength Documentation for Test No. 469688-7-5.

Load (Ib)

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

12000

10000

8000

6000 |

4000 -

2000

10

Displacement (inch)

DLoad vs. Displacement from Static Load Test @ Minimum Static Load

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

100

a0
a0

70

B0

50

Percent Finer

40

30

20

10 1 0.1
Grain Size, D (mm)

. LA

Post-Test Photo of Post

Date
Test Facility and Site Location
In Situ Soil Description (ASTM D2487)
Fill Material Description (ASTM D2487) and sieve analysis
Description of Fill Placement Procedure

2018-12-04

TTI Proving Ground — 3100 SH 47, Bryan, Tx

Sandy gravel with silty fines

AASHTO Grade B Soil-Aggregate (see sieve analysis)

6-inch lifts tamped with a pneumatic compactor




G.2.2. Vehicle Properties and Information

Table G.8. Vehicle Properties for Test No. 469469-07-05.

Vehicle Inventory Number:

VIN No.:

Date:  2019-08-20 Test No.: _469463-7-5
Year: 2007 Make: Kia
Tire Inflation Pressure: 32 PSI Odometer:

Describe any damage to the vehicle prior to test:

® Denotes accelerometer location. i

NOTES:

Engine Type: 4 CYL

Engine CID: 161L

Transmission Type:
|| Auto or [ ] Manual
FWp [] RWD _[] 4wD

Optional Equipment: i
Nong 13

Dummy Data:
Type: 50th Percentile Male
Mass: 165 Ib

Seat Position: OPPOSITE IMPACT

Geometry: inches

KMADE123976267769

Model: Rig

Tire Size:

Mone

185/65R14

-

-

A 6638 F 33.00 K 1225

Bsiso = G__ 000 L2525

C 18575 H 3502 M 57.75

D 34.00 | 775 N 57.70

E 9875 J 2150 O 27.00

Wheel Center Ht Front 1100

Pajg
Q2280
R 1550
S 825
T e&8.20

Wheel Center Ht Rear 11.00

W-H 0.00

RANGE LIMIT: A= 65 13 nchas; &= 163 18 inchas; E =98 45 Inches; F =35 24 inches; H = 38 &4 inches: O (Battam of Hoad Liph = 24 14 inches

TOP OF RADIATOR SUFPORT = 28,25 inches; (MeNN2 = 56 =2 inches: W-H < 2

nches or use MASH Paragraph Ad 3.2

GVWR Ratings: Mass: b Curb Test Inertial Gross Static
Front 1718 Mrant 1598 1581 1666
Back 1874 Mraar 855,00 889 949.00
Total 3638 Mo 2453 2450 2615
Allcraable TIM = 2420 b £55 |b | Allowable GSM = 2585 1k 2 55 b
Mass Distribution:
b LF: oo RF: 781 LR: 427 RR: 442

Performed by:  scp

Date: 2019-08-29

TR No. 0-6969

2020-05-28



Table G.9. Exterior Crush Measurements of Vehicle for Test No. 469469-07-05.

Vehicle Inventory Number: 1383
Date: 2019-08-29 Test No.: 469469-7-5 VIN No.- KNADE123976267769
Year: 2007 Make: Kia Model: Rio

VEHICLE CRUSH MEASUREMENT SHEET!'
Complete When Applicable

End Damage Side Damage
Undeformed end width Bowing: BI Xl
Corner shift: Al B2 x2
A2
End shift at frame (CDC) Bowing constant
icheck one) X1+ X2
< 4 inches 2 a
=4 inches

Mote: Measure ) to Cis from Diriver 1o Passenger Side in Front or Rear Impacts — Rear to Front in Side Impacts,

Direct Darnage

Speaific . . . . . .

L L sy L s Ca +1»
Impact Planc* of Width** | Max*** Ficld ! : )
Mumbet C-Measurements (O Crush I.*=

Measurements recorded

inches or mim

'"Tuble taken from National Accident Sampling Svstem (NASS),

*ldentify 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.

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

#Eneasure and document on the vehicle diagram the location of the maximum crush.

Mote: Use as many lines/columns as necessary 1o describe each damage profile.

Performed by: SCD Date: 20189-08-29

TR No. 0-6969 G-17 2020-05-28



Table G.10. Occupant Compartment Measurements of Vehicle for Test No. 469469-07-

05.
Vehicle Inventory Number: 1383

Date: 2019-08-29 Test No.- 469469-7-5 VIN No.: KNADE123976267769

Year: 2007 Make: Kia Model: Rio

&y OCCUPANT COMPARTMENT
DEFORMATION MEASUREMENT
Before After Differ.
(inches)
A 67.50 67.50 0.00
{; A2 67.25 67.25 0.00
A3 67.75 67.75 0.00
B1 40.50 39.00 -1.50
B2 38.00 39.00 0.00
B1,B2, B3, B4, B5, B6 B3 40.50 40.50 0.00
) l B4 36.25 25.00 -11.25
- \ B5 36.00 36.00 0.00
(|progsos ||/ B6 36.25 36.25 0.00
@ 717 | c1 26.00 26.00 0.00
c2 0.00 0.00 0.00
C3 26.00 26.00 0.00
D1 9.50 9.50 0.00
D? 0.00 0.00 0.00
/ | \ D3 9.50 9.50 0.00
A 2T B2 B3 E1 51.50 51.50 0.00
Ejfg 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* 91.00 51.00 0.00
driver's side Kick panel to passenger's side kick panel.
Performed by: SCD Date; 2019-08-29

TR No. 0-6969 G-18 2020-05-28



G.2.3. Sequential Photographs

2019-08-29
N
{ =
- 4,1
e Y 0.000 s
«2019-0 469463-7-5
Sunn
b
A // I I
LA _ﬂ_ﬁ —
4 +

0.050 s

A A
201 H-F“-Z!iTE_SfIEEIQEE-?G

0.100 s

P R

= g | =
12019-08-29° TEST469463-7-5
="
|

-

0.150 s

Figure G.7. Sequential Photographs for Test No. 469469-07-05

TR No. 0-6969 G-19 2020-05-28



(Oblique and Right Angle views).

= il
2019-08-29 TEST469469-7-5
i

0.200 s

i P
72019-08-29" TEST469469-7-5

T P

e 0.250's

2019-08-29_TESTA68469:7-5

0.300 s

i P
12019-08-29 TEST463469-7-5

i

0.350 s

Figure G.7. Sequential Photographs for Test No. 469469-07-05
(Oblique and Right Angle views) (Continued).

TR No. 0-6969 G-20 2020-05-28
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G.24. Vehicle Angular Displacement
Roll, Pitch and Yaw Angles
2
1
(7]
[}
e
(=2}
[
T
» w
é, \\/
<
-1
-2
0 05 1.0 15 20
Time (s)

— Roll  — Pitth — Yaw

Test Number: 469469-07-05

Test Standard, Test Number: MASH 2016, 3-61
Test Article: Embedded Unistrut® Sign Post
Test Vehicle: 2007 Kia Rio

Inertial Mass: 2450 Ib

Gross Mass: 2615 1b

Impact Speed: 61.3 mi/h

Impact Angle: 0 degrees

Axes are vehicle-fixed.

Sequence for determining

orientation: ;
31. Yaw. -
32. Pitch. .
33. Roll. a2l

Figure G.8. Vehicle Angular Displacements for Test No. 469469-07-05.



6969-0 ON d.L

D

8C-50-0C0C

G.2.5.

Longitudinal Acceleration (g)

10

-10

Vehicle Acceleration

X Acceleration at CG

05 10 15 2.0
Time (s)

— Time of OIV(0.6523 sec) — SAECIass 60 Filter — 50-msec average ‘

Test Number: 469469-07-05

Test Standard, Test Number: MASH 2016, 3-61
Test Article: Embedded Unistrut® Sign Post
Test Vehicle: 2007 Kia Rio

Inertial Mass: 2450 Ib

Gross Mass: 2615 Ib

Impact Speed: 61.3 mi/h

Impact Angle: 0 degrees

Figure G.9. Vehicle Longitudinal Accelerometer Trace for Test No. 469469-07-05
(Accelerometer Located at Center of Gravity).
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Lateral Acceleration (g)

Y Acceleration at CG

M oAy 4op A wha PO SV~ S\

4 A a Y L2 LD, vy LA,

0 05 10 15

Time (s)

— Time of OV (0.6523 sec) — SAECIass 60 Filter — 50-msec average ‘

Test Number: 469469-07-05

Test Standard, Test Number: MASH 2016, 3-61
Test Article: Embedded Unistrut® Sign Post
Test Vehicle: 2007 Kia Rio

Inertial Mass: 2450 |b

Gross Mass: 2615 |b

Impact Speed: 61.3 mi/h

Impact Angle: 0 degrees

Figure G.10. Vehicle Lateral Accelerometer Trace for Test No. 469469-07-05
(Accelerometer Located at Center of Gravity).

20
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Vertical Acceleration (g)

-10
0

Z Acceleration at CG

05 10 15
Time (s)

— SAEClass 60 Filter — 50-msec average

Test Number: 469469-07-05

Test Standard, Test Number: MASH 2016, 3-61
Test Article: Embedded Unistrut® Sign Post
Test Vehicle: 2007 Kia Rio

Inertial Mass: 2450 Ib

Gross Mass: 2615 Ib

Impact Speed: 61.3 mi/h

Impact Angle: 0 degrees

Figure G.11. Vehicle Vertical Accelerometer Trace for Test No. 469469-07-05
(Accelerometer Located at Center of Gravity).

20



APPENDIX H. TXDOT BURN BAN SIGN ON SLIP BASE SUPPORT

H.1.

o 31" ——-

DETAILS OF THE BURN BAN SIGN ON SLIP BASE SUPPORT

Test Installation

Elevation Views

109 T -~ T-Bracket for 2-1/2" Pipe,
* . b 2-3/8"0D 13 BWG and ,l !
* 5r 11 BWG 3-1/4"0D stee ||
. N, ubing
“—Bolt, 1/2" x 4" hex A307
- with USS Flat Washers (x 2),
[~ Hex Nut and Lock Was Va
_! - g —
' n I /
. 4
81" E— d Aluminum Sign Panel— o
45" x 45" x 0.1000
30"
— - / -
45" , y 4
Lightweight Compasite Sign Panel—
(HDPE sandwiched between aluminum sheeting)
30" x 36" x 0.0800
X e
| — A —Pipe, 2-1/2" 10 BWG x 910"
N K T
I | g! Universal Sign Clamp (x 5)— %
0 Y ='| i = N
- t | | —Slip Base Stub |
! : :
! ! :
1 !
i ' i
i
—i ! ’ ~—TxDOT Class A Concrete i
361 | 13% i
= HH I (3000 psi) HH
. ‘
42"

@ 12" —a—l

Cast Slip Base—,

,
",

Keeper Plate —

4"

R o

Detail A
Scale 1: 10

1a. Cast Slip Base fabricated
by Texas Corrugators Inc.

TR No. 0-6969

S Hex Head Set Screw, 3/4 Grade 8
' Tighten to B0 ftilbs.

,—DBolt, 5/8 x 2 1/2" hex A325, with
USS Flat Washers (x 3) and Hex
Mut. Tighten to 80 ftlbs. Typ x 3

——Washer between Slip Base
Stub and Keeper Plate

/" Bolt, 51167 x 1 1/4"
: square head

tf D

Bl

Universal Sign Clamp

Plan and |sometric Views
Scale 1.5

Washer, 5/16 lock

Mut, 516 h('.-:(—";

Washer, 5/16 flat nylon— “—~\Washer, 5/16 lock

— Mut, 5/16 hex

Washer, 5/16 flat—'
Roadside Safe% and
Physical Security Division -

= Texas A&M _
A Transportation ]
A Institute Praving Ground
Project #469469-8 Burm Ban Sign on Slip Base 2019-04-26
Drawn by GES Scale 1:30 Sheet 1 of 1/ Test Installation

H-1 2020-05-28



SUPPORTING CERTIFICATION DOCUMENTS
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[I1

402 v Mo :
SHXINOESINNOD AN 3 fng
ONVISHRMABION /Gl Saldxs] UOISSIUILOY)
\ 2oueInssy Liend) onqng Arejon

Loy ‘Agl para))
O°F1 ‘stonhorg Aemydiy Ay, 10z "Arenuer jo Kep pIg| SIY) 91U 210)2q PAQUISYNS PUE WOMS UELE] JO ARmo)) ‘sexa], joaes

2100167 ~ HLONTYLS

ONDIVEUE 11 FdAL ‘06N OLHSVV 69 IWISY  VIC ul ANLS FTVANNY TTALS SE01-D ISIY ONT AIDVMS ALLV0D ONIZ 61X9 ATHVD VIA W H/E

6CELd WLSY HLLIM HDNYIHOIOV NI 4ZINVATYD THV ANV #v8-1 HO/ANV NOLLVOLIIOHS 9¢F-1 WLSY HLIM ATdNOD SHFHSVM

‘THLVLS ASIMYHTHLO SSH'INA ‘EST1-V LSV HIIM SONVAI0I0V NI QEZINVATVD HdV ANV SNOLLVILIIOAdS £95-V WLSY HLIM ATdMOD SLON
"A4LV.LS ISIMIAHLO SSTTINN €51V WLSY HLIM FONYTI000V NI QIZINVATYD SV ANV SNOLLVOLIIDACS L0E-V WLSY HLIM ATdW0D SL10d

'UHLVLS SSIMUEILLO SSTING ‘€71-WLSY HLIM SIWH0ANOD TVIMILYW QIZINVATVD TTV

LIV VORMIWY ANG. THL HLIM SHITN0O ONY VSN NI QIWH0488d 39V NOWL 40 13518 FHL 40 SASSHDI0¥d SONLLYOO TIV
9EV WISV SLEHW TIELS TVENLOMALS TTV ‘081-W OTHSVY SIFdN TIVATIVND TV

LIV VOIMHEWY ANG HHL HLIA STITdN00 ANY VSN NI QEENLOVANNYN UNV QAL THW SYM TESN TIALS TIV

suoneayisads sarmoenuew 0} Jurpiosoe pa[[elsur uayM [NVITINOD #1110 £-'I1L
“Z00-51 "ON £91jo ] mmyg 9feio)g [y © s1onpold Anmg3iy Apuu g, 03 103lqns sjeuoew (e *Aalppp uodf)
0125 891EOTIOMETISLE'T Ly

uopdiaseq sa201d

rerdwo) gg¢ Hoday RAHON
#+ JMOddNS SNDIS TTVINS 4 U] ‘Saujsnpuy Ay, 10.] soterdusoy) 30 s1waljipa)
% i b .mwuﬂﬁoum._ ACMUBIH AJIULL]
08984 X1 “MO0UANNOY

X1 =mgosn 1 #wawnaog
X1 o] peddiyg o1ror #7108
TIVSHY 9alorg Y80P-W -Od IWOISN 886 XOH'O'd
TUEN/T e vty 1§TT911  =33paQ SA[ES ONI SHOLVOMYMOD SYXAL Howoisny

11192 XL YoM 31
1S YIRT TN SPST
D171 sonpoxg Aemydiyy Qruug,

H-2 2020-05-28

TR No. 0-6969



L 3o

SATAXF] UOISSIUNLOY)

2fuemssy Qend) sonqny Arejon
gl paynra)
emydip Ay, 1107 ‘19qui0a(] 0 ABp YI6Z SIY) AW 210J2q PAGLIOSNS PUE WOMS *IWRLE], JO £)UN0]) ‘sexa joajels

#10016¥ ~ HLONHALS

ONDIVTUG I TdAL ‘0EN OLHSYY 6v ¥ WISY VI o1 ONLS GITVINNY THILS SE01-0 ISIV AN GIDVMS GALY0D ONIZ 61X9 T1VO VIA . WE

'6ZET-4 WISV HLIM HONVIM00V NI QIZINVATYD HV ANV bi8-1 40/ANY NOLLVOIIIDHAS 9€F-d LSV HLIM ATdWO0D SUTHSYM

"0d.LYLS ISTMAHHLO SSH'INM “£51-V WLSY HLIM HONVAMODOV NI QIZINVATYD TV ANY SNOLLYDIAIDAIS £95-V WISV HIIM ATdWNOD SLAN
'JELY.LS SSIMUTHIO SSEINN €51-V WLSY HLIM HONVMOO0V NI QHZINVATYD TV ANV SNOLLYOILIDAS L0€-V WLSY HLIM ATdWOO S17104
"UELVLS SSTMAFHLO SSTINM ‘€TT-WLSY HLIM SIN04NOD TYRISLVIN QAZINVATVD TTV

«LIV VOREAYV ANH. GHL HIIA SIITdWO0D ANV VSN NI GIWA044Ed BV NOYI MO "THA.LS AHL 40 SHSSHO0Ud SONILYOD T1V

9EV WISV SLIIW THILS TVUNLOMILLS TTV *081-W OLHSVV SLAFN TIVIUEVND 11V

IV YOIMHWY ANE HHL HLIM SAITdWNOD ANV VSN NI ATUNIDVANNYW ANV QLLTHW SYM TaSN THALS TTV

suoyeoly1aads sarmyoeynueLs 0} SuIp1099e PAf[EISE LUM | NVITANOD b1 10 £-TL
“T00-5)1 "oN Lojoq meyg afeiorg 17 * sonpoid AemyBig Ao o) slgns sfeusiew (v ‘Aaalap vodp)
017D T61@01OMETHSLS'T 89

uopdunsag sLd

werjdwo) 0sg Hoday JAHON
## LUOAANS SNOIS TTIVIS we Y[ SAATSTPUT A1uLL], 0,1 23wt duo)) JO 2iwaiyipa)y
OT17$19npoId ABMYBIH AJULLL,
0398L X1 "HOOUANNOY

X1 =mg asn [ #)uawmnooc]
‘0, paddiyg 6RR6E  # 104
HIVSHY 0afoag 990 :Qd J2worsny 8£6 XO2'0'd
[I/6T/ET o1 iy PISI9IT  epiQ s3|eg ONI SHOLVONHEI0D SYXHL :aweisnyy
Ak 11192 X1 ‘oM 14
= 3 IS ST H'N BKST
e 1T sinpang Aemyftyg Ay,

H-3 2020-05-28

TR No. 0-6969



5/8 " Slip Plate (see "S|ip Plate Detail™)

N

3/4" (Typ. Dia.)

L fﬁ e I
*1/2* DiaJ Thru HoleT ]

NN

|
/I/Z”xl 2"x12" Bolt-Down Plate

1/4" !
3" (Nominal I ”
Dia.) Soh 40 —f ! i e
| (standard weight) | l
| Pipe I © ’
3/4" Dia. ,I t— 5"—|
Thru =
- 3" (Nominal
Hole 360 5/8" Slip Plate Dia,) Sch 40
+ {see "Slip Plate Detall™) —\ | (standard weight)
[ .“"”./ ] ‘Fioe
'
| 144" | l | ar
. | i 1
g | i
i
1

Pipe shall conform to ASTM AS3 Gr B, AS500 Gr B, or A501,
Galvanize according to ASTM A123 after all fabrication
is completed. Finished components shall be permanent!y
marked to indicate monufacturer, Method, design and
location of markings ore subject to the approval of the
TxDOT Traffic Standords Engineer.

Pipe shall conform to ASTM A53 Gr B, A500 Gr B, or A501.
Bolt-down plate shall conform to the same material
requirements specified for the slip plate.

Galvanize according to ASTM A123 after all fabrication
is completed. Finished components shall be permanently
marked to indicote manufacturer. Method, design and
location of markings ore subject to the approval of the
TxDOT Troffic Stondards Englneer.

¥ Hole in slip plate and bolt-down plate is for
galvanizing venting and drainage. Exact hole placement
may vary as needed.

STUB BOLT-DOWN ANCHOR
£’ 528" ‘ AHole in slip plate is
10 3/8" for galvanizing venting
I ——— 3 and drainage. Exact hole
| placement may vary
11/4" i A as needed.
11732 * R | 87 1 1 1
e +
,}',”J\‘ u\‘
\r|’ n \I\I
%" Dia. + H
{Typ.)
Bevel end shall be tangent
to bolt hole. Any mis-
4 1/2" Dia, al ignment shall be
Thru corrected by grinding.
Hole Bevel foces shall have
\/ - a minimum smoothness
S of 500 micro inches
according to ANSI B46.1.
Bolt Keeper Plate shall be
manufactured from 26 to 30 Slip plate shall conform to
gauge galvanized sheet ASTM A36 or A572.
steel.
BOLT KEEPER PLATE SLIP PLATE DETAIL
11.25.02
TR No. 0-6969 H-4 2020-05-28



American National Stondard Hex Nut
and Helical Spring Lock Washer

U-bolt, nut and washers shall be
monufactured according to ASTM
4307 Grade C and galvanized
according to Item 445,
"Galvanizing. "

| 5/16 " -18 9/32" diameter stock is permissible.
UNC Threads

=

Standard
Pipe Size R L E
2N 1 7732 | 1 15732" |2 116"

2. /2" |t a5/32 | 2axaeY| 8 d3siet

- 1 25/32"% 2 1/32" |3.13/16"

SIGN CLAMP U-BOLT

1 7/18"

2= | s

| e
|
1 1/8" R
=t - — - - - 60°
i \/
172" R —
A g
2 1/8" 312
6 374" (Approx)

Lifting spacer shall be monufactured from 100% recycled ABS or polycarbonate plastic.
Sides may be slightly tapered to facilitate release of port from the mold.

LIFTING SPACER

11.25.02

TR No. 0-6969 H-5 2020-05-28



/32" R

1

3Ne" R

R2
3°TYP
B
A
SECTION A - A
DIMENSIONS
P outmany | A B ¢ D E F R1| R2
2 3a| V| Wa| We| Vo | % | 1Va] 1%
2 4|3 2 |Vl Vo | Va |12 1T
3 4% |3V | 22| 13| % | Va [ 1%] 1%

Sign clamp casting shall meet ASTM B85S Alloy 360.0 or A360.0, ASTM B26 Alloy
356.0-F, or ASTM B108 Alloy 356.0-F or A444,0-T4.

SPECIFIC SIGN CLAMP

11.25.02
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0.38" Dia. PEE

0.50" R —\ B

¥t

{ ST ol Y]

ﬂ

1.25"

e

0.50" ——

=
e
4

0.06" R (Typ.)

Section G-G

0.59"
(square)

UNLESS NOTED: N
X. XXX + 0, 005" §
X XX +0.010" §Ej |I |§§ Section F-F

Sign clamp casting shall meet ASTM B85 Alloy 360.0 or A360.0, ASTM B26 Alloy 356.0-F,
or ASTM B108 Alloy 356.0-F or A444.0-T4.

UNIVERSAL SIGN CLAMP

0.38" R (Typ.)

11.25.02
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“T" Cross Plece

+
C
PR — N |
4 3/4"
%" Nipple
D—
2
32t — 31 172"
C 1 A
Section C-C

“T" CROSS PIECE

13 BWG Tubing (2.375" outside diameter)
0.095" nominal wall thickness
Seamless or electric-resistance welded steel tubing
Steel shall be HSLAS Gr 55 per ASTM A1011 or ASTM A1008
Other steels may be used if they meet the following:
55,000 PSI minimum yield strength
70,000 PSI minimum tensile strength
18% minimum elongation in 2*
Wall thickness (uncoated) shall be within the range of 0.085" to 0.105"
Outside diameter (uncoated) shall be within the range of 2,355" to 2.395"

NIPPLE

11 BWG or greater Tubing (3.25" cutside diameter)
Seamiess or electric-resistance welded steel tubing
Steel shall be HSLAS Gr 55 per ASTM A1011 or ASTM A1008
Other steels may be used if they meet the following:
55,000 PSI minimum yleld strength
70,000 PSI minimum tensile strength
20% minimum elongation in 2°
Outside diometer (uncoated)! shall be within the ronge of 3.241" to 3.259"
Inside diameter (uncoated) shall be a minimum of 2.93"
Wall thickness shall be a minimum of 0.108"

172" bia. min.
Drain Hole

8/16 " Dia.
Thru Hole

Cut length shall be B,000" & 0.250". Notched and coped to provide snug fit with cross piece.

Drilled or punched as shown. Nipple shall provide snug fit with 2,875" post.
Nipple may be dimpled to provide snug fit.

FABRICATED "T" BRACKET

Golvanize according to ASTM A123 after all fabrication s completed.

PREFABRICATED "T" BRACKET-TEXAS UNIVERSAL

TRIANGULAR SLIPBASE SYSTEM

Finished components shal | be permonently morked to Indicate manufacturer. Method, design and
location of markings are subject to the approval of the TxDOT Traffic Stondards Engineer.

11.25.02
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63"

TH_1'— — 47/—r:\EF

tapered
swage

tapered

14 BWG Tubing (2.37 swoge

0.083" nominal wall thicl
Steel shall be S5 Gr 40 per AS

metallizing with zi
Outside diameter (cg

s shall be permonently marked to indicate manufacturer. Methody sign and

rkings ore subjeot to the approval of the TxDOT Traffic Standards Eng

Finished comp
location

EXTENDER

2 1/8" Dia.
(2 1/2" Nominal) 4 3/4*

9/16" Dia. Thru Hole

10 BWG Tubing (2.875" outside diameter)

0.134" nominal wall thickness
Seamless or electric-resistance welded steel tubing or pipe
Steel shall be HSLAS Gr 55 per ASTM A1011 or ASTM A1008
Other steels may be used if they meet the following:
55,000 PSI minimum yield strength
70,000 PSI minimum tens!le strength
20% minimum elongation in 2"
Wal| thickness (uncoated) shall be within the range of 0.122" to 0.138"
Qutside diameter (uncoated) shall be within the range of 2.867" to 2.883"
Galvanization per ASTM A123 or ASTM AG53 G210. For precoated steel tubing (ASTM AB53),
recoat tube outside diameter weld seam by metallizing with zinc wire per ASTM B833.

Schedule 80 Pipe (2.875" outside diameter)

0.276" nominal wall thickness
Steel tubing per ASTM A500 Gr C
Other seamless or electric-resistance welded stee| tubing or pipe with equivalent
outside diameter and wall thickness may be used if they meet the following:
46,000 PSI minimum yield strength
62,000 PSI minimum tensile strength
21% minimum elongation in 2"
Wall thickness (uncoated) shall be within the ronge of 0,248" to 0.304"
Outside diameter (uncoated) shall be within the range of 2,855" to 2.895"
Galvanization per ASTM A123.

POST

11.28,02
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: | 2.93" Dia.
: (+0.01*,-0)
et
10 3/8"
o
D L

0.25" R [Typ.17

] \Q ‘ ‘
Set !
Screw l 3 374" T
Min. 3) pviyd e
]. NN J —J( \
L l J 0.62" ~ L | J o
2.93" Dia. (Typ.) 2.93" Elo. (Typ.
(+0.01",-0) (+0,01%,-0)

Set Screw type Section D

-0

Bolt Clamp type Section D-D

Steel Slipbase fabrication shall conform to ASTM A36 or A5T2, if fabrication consists of
ductile iron casting it shall conform to ASTM A536 Grade 65-45-12 and be galvanized

per ASTM al53 Class A.

Finished components shall be permanently marked to indicate manufacturer. Method, design and
location of markings ore subject to the opproval of the TxDOT Traffic Standards Engineer.

A |list of approved Triangular Slip bases can be found at
http: //www, txdot. gov/business/producer_| ist, him

SLIPBASE DETAIL

7.24,08
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H.3. MASH TEST 3-61 (CRASH TEST NO. 469469-08-01)

H.3.1.  Vehicle Properties and Information

Table H.1. Vehicle Properties for Test No. 469469-08-01.

Vehicle Inventory Number: 1398

Date:  2019-04-28 Test No.: 460465-08-1 VIMN No.:  KNADE123076186031
Year: 2007 Make: Kia Model: Rio
Tire Inflation Pressure: 32 PSI Odometer: 95458 Tire Size: 185/65R14

Describe any damage to the vehicle prior to test:  None

® Denotes accelerometer location. i I}'-"' i
NOTES: '
AW | ™ NOT
|
' e L _—= ' 5

Engine Type: 4 CYL

Engine CID: 16L

Transmission Type:
[] Aute  or Manual
FwD [ rRwD [ 4wD

Optional Equipment; i
Mone !

Dummy Data:

Type: 50th Percentile Male

Mass: 165 Ib le E ol _—
Seat Position: IMPACT SIDE e X -
Geometry: inches B : -

A 6638 F 33.00 K 1225 P 412 U 1475
B 5150 G L 25.25 Q 2250 V 2050
C 16575 H 36.06 M 57.75 R 1550 W 36.00
D 3400 | 7.75 N 57.70 S 825 X 7250
E oa.75 J 21,50 O 27.00 T 86.20

Wheel Center Ht Front {1400 Wheel Center Ht Rear 11.00 W-H _0.00

RAMGE LIMIT: A = 65 21 inchas; C = 169 &8 inches; E = 98 &5 inches; F = 35 &4 inches; H = 39 &4 inches: O (Botiom of Hood Lip) = 24 &4 inches

T OF RADIATOR SUPRORT = BB.85  inchas; (M+NK3 = 56 £2 Inchas; W-H < 7 inches or use MASH Paragraph 443 7
GVWR Ratings: Mass: b Curb est Inertial Gross Static
Front 1718 Mirant 1570 1535 1620
Back 1874 M e 897.00 883 963.00
Total 3638 Mrata 2467 2418 2583

Allpsmbla TIM = 2420 b +545 |b | Allowable GSM = 2585 1 + 55 b

Mass Distribution:
I LF: 7g7 RF: 738 LR: 423 RR: 480

TR No. 0-6969 H-11 2020-05-28



Table H.2. Exterior Crush Measurements of Vehicle for Test No. 469469-08-01.

Vehicle Inventory Mumber: 1398
Date: 2019-04-26 Tast No.: 469469-08-1 VIN No.: KNADE123076186031
Year: 2007 Make: Kia Model: Rio

VEHICLE CRUSH MEASUREMENT SHEET!

Complete When Applicable

End Damage Side Damage
Undeformed end width Bowing: Bl X1
Corner shifi: Al B2 X2
A2
End shift at frame (CDC) Bowing constant
icheck one) X1+ X2
< 4 inches 2 -
= 4 inches

MNote: Measure C) to Cs from Driver to Passenger Side in Front or Rear Impacts — Rear to Front in Side Impacts.
Drirect Damage

Specific . . . , , .
C L [ Oy ] [ ER N

Imipact Plane* of Width** Mlax®*= Field ! h

Murmber C-Measurements (CTICY Crush [ =

Measurements recorded

inches or mm

Table taken from National Accident Sampling System (NASS).

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

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

=Eheasure and document on the vehicle diagram the beginning or end of the dircet damage width and field L {e.g.,
side damage with respect to undamaged axle).

¥ hdeasure and document on the vehicle diagram the location of the maximum crush.

Mote: Use as many lines/columns as necessary 1o deseribe each damage profile,

TR No. 0-6969 H-12 2020-05-28




Table H.3. Occupant Compartment Measurements of Vehicle for Test No. 469469-08-

01.
Vehicle Inventory Number: 1398
Date: 2018-04-26 Test Mo.: 469469-08-1 VIN No.: KNADE123076186031
Year: 2007 Make: Kia Model: Rio
e OCCUPANT COMPARTMENT
¢ DEFORMATION MEASUREMENT
Before After Differ.
(inches)
IR A 67.50 67.50 0.00
s A2 67.25 67.25 0.00
A3 67.75 67.75 0.00
B1 40.50 40.50 0.00
B2 39.00 39.00 0.00
B1, B2, B3, B4, B5, B6 B3 40.50 40.50 0.00
ﬁt\ B4 36.25 36.25 0.00
AN B5S 36.00 36.00 0.00
presos [ B6 36.25 36.25 0.00
© ] | C1 26.00 26.00 0.00
C2 0.00 0.00 0.00
C3 26.00 26.00 0.00
D1 9.50 9.50 0.00
D2 0.00 0.00 0.00
/ ‘ \ D3 9.50 9.50 0.00
a1 B2 83 E1 51.50 51.50 0.00
E jfz EZ 51.00 51.00 0.00
F 51.00 51.00 0.00
o 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* 1.00 »1.00 0.00
driver's side kick panel to passenger's side kick panel.
Performed by:  SED Date: 2019-04-26
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H.3.2. Sequential Photographs

Y
_'_2 ESTA9469:6-1
=
ES
£ _—
| "
0.000 s
D
-2biTEST465463-8-
A=
ES
' ‘m !ﬁf*f&' s —
‘ ' 77_‘, .
0.050 s
i =
-2b{TEST4G9468-6- |
=
s -
.
0.100 s
a=- A
e ”:E = ,zufnme:ﬁ smﬂﬁe?
A= =
E3
3 o | Nl =
e d =2
0.150 s

Figure H.1. Sequential Photographs for Test No. 469469-08-01
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(Oblique and Right Angle views).

Vi LA
z i i g
Sl 50110-04-26 TESTAGIABY-B-1—
ﬁhlﬂ Toass.
/= =i

0.200 s
A= LE
ZBTES
N S
W
0.250s
=
PN
E3
|
0.300 s
—_— %
ES
b
| F
b |
= . e, T
0.350's

Figure A.1. Sequential Photographs for Test No. 469469-08-01
(Oblique and Right Angle views) (Continued).
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91-H 6969-0 ON d.L

8C-50-0C0C

H.3.3. Vehicle Angular Displacement
Roll, Pitch and Yaw Angles
2
1
0
(]
S o
[ ///\ N
E \/\\/
m M
[
o> -
< b — T
< \/ ]
2 N\\\,_ﬁ
\\\
-30 02 04 06 08 1.0 12 14
Time (s)

— Roll  — Pitth — Yaw

Test Number: 469469-08-01

Test Article: Burn Ban Sign with Slip Base
Test Vehicle: 2007 Kia Rio

Inertial Mass: 2418 Ib

Gross Mass: 2583 Ib

Impact Speed: 62.9 mi/h

Impact Angle: 0 degrees

Test Standard, Test Number: MASH 2016, 3-61

Axes are vehicle-fixed.
Sequence for determining
orientation:

34, Yaw.

35. Pitch.

36. Roll.

Figure H.2. Vehicle Angular Displacements for Test No. 469469-08-01.

16



L1-H 6969-0 ON d.L

8C-50-0C0C

H.3.4. Vehicle Acceleration

X Acceleration at CG

4
= 2f
c
o
=] 0 h ) I\T/AA/\A 'ﬂ& A LA =S e Do Lo, i PRI =S SN aa\
g }UIUV
©
o =210
(3]
< I
® -
g
]
2 6
5 -
c
o
- 8

-10

0 0.2 04 0.6 0.8 1.0 12 14
Time (s)

— Time of OIV(0.7746 sec) — SAEClass 60 Filter

— 50-msec average

Test Number: 469469-08-01

Test Standard, Test Number: MASH 2016, 3-61
Test Article: Burn Ban Sign with Slip Base

Test Vehicle: 2007 Kia Rio

Inertial Mass: 2418 Ib

Gross Mass: 2583 Ib

Impact Speed: 62.9 mi/h

Impact Angle: 0 degrees

Figure H.3. Vehicle Longitudinal Accelerometer Trace for Test No. 469469-08-01
(Accelerometer Located at Center of Gravity).
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81-H 6969-0 ON d.L

8C-50-0C0C

Lateral Acceleration (g)

Y Acceleration at CG

L
MA Mﬂﬁ»f/\'\ i AN Jo bl A ea | | /oo o PN EWA N~~~ U aie
WWW TN ST TN T T
V
02 04 06 08 10 12 14
Time (s)
— Time of OIV(0.7746 sec) — SAEClass 60 Filter — 50-msec average ‘

Test Number: 469469-08-01

Test Standard, Test Number: MASH 2016, 3-61
Test Article: Burn Ban Sign with Slip Base

Test Vehicle: 2007 Kia Rio

Inertial Mass: 2418 Ib

Gross Mass: 2583 |b

Impact Speed: 62.9 mi/h

Impact Angle: 0 degrees

Figure H.4. Vehicle Lateral Accelerometer Trace for Test No. 469469-08-01
(Accelerometer Located at Center of Gravity).



61-H 6969-0 ON d.L

8C-50-0C0C

Vertical Acceleration (g)

Z Acceleration at CG

A N [Dr"lébV"‘““""‘“"e—~ ISV NPV I \ YV AP P
R I
I
A “U
02 04 06 0.8 1.0 12 14
Time (s)

— SAEClass 60 Filter

— 50-msec average

Test Number: 469469-08-01

Test Standard, Test Number: MASH 2016, 3-61
Test Article: Burn Ban Sign with Slip Base

Test Vehicle: 2007 Kia Rio

Inertial Mass: 2418 Ib

Gross Mass: 2583 Ib

Impact Speed: 62.9 mi/h

Impact Angle: 0 degrees

Figure H.5. Vehicle Vertical Accelerometer Trace for Test No. 469469-08-01

(Accelerometer Located at Center of Gravity).
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APPENDIX I. TXDOT BURN BAN SIGN ON WEDGE AND SOCKET
SUPPORT

I.1. DETAILS OF THE BURN BAN SIGN ON WEDGE AND SOCKET SUPPORT

Test Installation
—— 31" ——= I 4-1/4" Elevation Views

10°-2"
] . ly . —T-Bracket for 2" Pipe
!I.\_
3 “—Bolt, 1/2" x 3 1/2" hex A307
with USS Flat Washers (x 2),
- -
Hex Nut and Lock Washer. /

-
S i d p
- i i Aluminum Sign Panel— a1l
18

R |
38" x 38" x 01000
. |
. — p-— -+
57" * ey
[ | Lightweight Composite Sign Pane
(HDPE sandwiched between aluminum sheeting)
24" % 24" x 1/8" (3mm) i
Universal Sign Clamp (x 5)
1
.
Pipe, 2" 13 BWG x 10°-7-3/4" long
d T A i (@2-3/8" x 0.095" wall)
7 /
(
|
'.__‘ .
“ e |
., 1 |
™ _~—Wedge for Type 2
t.’ﬁ"ﬁ |7)
0" -4 i
m!
i
ok -~ TxDOT Class A Concrete
[ i (3000 psi)
0oy
i
"o
S N
i
i
1 ~—Woedge Socket . .
P, " - Universal Sign Clamp
. Plan and Isometric Views
l.' Scale 1:5
iy "'j Detail A % Texas A&M Roadside Safety and
. 4 Teansportation Physical Security Division -
a0 X Scale 1:10 /‘- Institite Proving Ground
- 12" — Project #469469-9 Burn Ban Sign in Socket 2018-08-12

Drawn by GES  Scale 1:30 Sheet 1 of 1/ Test Installation
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1.2.MASH TEST 3-61 (CRASH TEST NO. 469469-09-01)

I.2.1. Vehicle Properties and Information

Table I.1. Vehicle Properties for Test No. 469469-09-01.

WVehicle Inventory Number:  agg

Date: 2019-08-14 Test No..  469469-9-1 WVIN No.: KNADE123086316648
Year: 2008 Make: Kia Model; Rio
Tire Inflation Pressure: 32 PS| Odometer; 241986 Tire Size: _185/65R14

Describe any damage to the vehicle prior to test:  None

i I — ™ i
® Denotes accelerometer location. i por i
) [
NOTES: [ | o L
|
' e I ——— — 'y

Engine Type:  4C¥YL
Engine CID: 16L
Transmission Type:
L] Aute  or [1 Manual

FwD [ rRwD [ 4wD F

Optional Equipment: i
Mang ]
o4
d
ry
Dummy Data:
Type: 50th Percentile Male
Mass: 165 |b
Seal Position: OPPSITE IMPACT e % -
Geometry: inches
A B6.38 F 33.00 K 12.25 P 412 U 1475
B 51.50 G L 2525 Q 2250 W 2075
C 165.75 H 35.28 M 57.75 R 15.50 W 35.25
D 34.00 | 7.75 N 57.70 S 8.25 X 71.50
E 9875 J 2150 O 2700 Tesz20 S
Wheel Center Ht Front 11,00 Wheel Center Ht Rear 11,00 W-H 0.00
RANGE LIMIT: A = 85 &3 inches; C = 162 48 inches; E = 88 +5 inches. F = 35 &4 inches; H = 39 #4 inches; O (Botiom of Hood Lip) = 24 &4 inches
OF OF RADIATOR SUPPORT = 23 25 nchaes; :M+'lj-? = B £2 inches; W-H < 2 inches or use MASH Paragraph A4,3.2
GVWR Ratings: Mass: Ib Curb Test Inertial Gross Static
Front 1718 Mtrant 1598 1565 1650
Total 3638 Mratal 2458 2435 2600
Allmwabike TIR = 2430 |k 285 Ib | Allowabie GSM = 2888 b+ 58 b
Mass Distribution:
Ib LF: 7g8 RF: 7o7 LR: 450 RR: 420
Performed by:  scD Date: 2019-08-14
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Table 1.2. Exterior Crush Measurements of Vehicle for Test No. 469469-09-01.

Vehicle Inventory Mumber: 1390
Date: 2019-08-14 Test No.: 468469-9-1 VIN Ne KNADE123086316648
Year: 2008 Make: Kia Model: Rio

VEHICLE CRUSH MEASUREMENT SHEET!
Complete When Applicable

End Damage Side Damage

Undeformed end width Bowing: Bl X1

Corner shift: Al B2 X2 __
A2

End shift at frame {CIX) Bowing constant
(check one) X1+ X2
< 4 inches T B

= 4 inches

Mote: Measure C) to Oy from Driver to Passenger Side in Front or Fear Impacts — Rear to Front in 5ide Impacts.

Direct Damage

Specific . . - . - .
: . i C [ [ C s Cs +[

Impact Plane® of Width** May**= Field : - I

MNumber C-Measurements Coc) Crush L**

Measureiwenls recotded

[n inches or mm

"Table taken from Mational Accident Sampling System (NASS),

*Identify the plane at which the C-measurements are taken {e.g., at bumper, above bumper, at sill, above sill, at
beltling, ete.) or label adjustments (e.g., free space).

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

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

#*¥Measure and document on the vehicle diagram the location of the maximum crush.

Mote: Llse as many lines/columns as necessary to describe each damage profile,

Performed by: SCD Date: 2019-08-14
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Table I.3. Occupant Compartment Measurements of Vehicle for Test No. 469469-09-

01.
Vehicle Inventory Number: 1390
Date: 2019-08-14  TestNo.: 469469-9-1 VIN No.: KNADE 123086316648
Year: 2008 Make: Kia Model: Rio
e OCCUPANT COMPARTMENT
il E— DEFORMATION MEASUREMENT
Before After Differ.
(inches)
Ul A1 67.50 67.50 0.00
A2 67.25 67.25 0.00
~ A3 67.75 67.75 0.00
B1 40.50 40.50 0.00
B2 39.00 39.00 0.00
B1, B2, B3, B4, B5, B6 B3 40.50 40.50 0.00
ﬁ/{\—\ B4 36.25 36.25 0.00
ik B5 36.00 36.00 0.00
1EEXENI B6 36.25 36.25 0.00
© | 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 9.50 0.00
s E1 51.50 51.50 0.00
. j\Ez E2 51.00 51.00 0.00
E 51.00 51.00 0.00
- 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* 21.00 91.00 0.00
driver's side kick panel to passenger's side kick panel,
Performed by:  SCED Date; 2019-08-14
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1.2.2. Sequential Photographs

|
|
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2019-08-147 TEST 46948
| ‘ i
s = >

0.150 s

Figure I.1. Sequential Photographs for Test No. 469469-09-01
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(Oblique and Right Angle views).

2019-08-14 TEST469469-9-
i

v =TS =
i i
2019-08-14 TEST468469-9-1
& =
0.250s
2019-08-14 TES
P
= 1)
r Jl ]
il
s g
2019-08-14 TEST468469-9-1
|
[

Figure A.1. Sequential Photographs for Test No. 469469-09-01
(Oblique and Right Angle views) (Continued).
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L1
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1.2.3. Vehicle Angular Displacement

Angles (degrees)

Roll, Pitch and Yaw Angles

1% 02 04 056 08 10 12 14 16
Time (s)
— Roll — Pitth — Yaw
Test Number: 469469-09-01 Axes are vehicle-fixed.
Test Standard, Test Number: MASH 2016, 3-61 Sﬁg#&%‘;f‘” determining
Test Article: Burn Ban sign on wedge and socket 37 Yaw. =
support 38, Pitch. -
Test Vehicle: 2008 Kia Rio 39. Roll.

Inertial Mass: 2435 Ib
Gross Mass: 2600 Ib
Impact Speed: 63.7 mi/h
Impact Angle: 0 degrees

Figure I.2. Vehicle Angular Displacements for Test No. 469469-09-01.
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1.2.4.

Longitudinal Acceleration (g)

-10

-15
0

Vehicle Acceleration
X Acceleration at CG
HA LN
H I (
UUU"
02 04 06 08 10 12 14 16
Time (s)
— Time of OIV(0.2671 sec) — SAEClass 60 Filter — 50-msec average ‘

Test Number: 469469-09-01

Test Standard, Test Number: MASH 2016, 3-61
Test Article: Burn Ban sign on wedge and socket
support

Test Vehicle: 2008 Kia Rio

Inertial Mass: 2435 Ib

Gross Mass: 2600 Ib

Impact Speed: 63.7 mi/h

Impact Angle: 0 degrees

Figure 1.3. Vehicle Longitudinal Accelerometer Trace for Test No. 469469-09-01
(Accelerometer Located at Center of Gravity).
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Lateral Acceleration (g)

Y Acceleration at CG

— Time of OIV(0.2671sec) — SAEClIass 60 Filter

— 50-msec average

MWMN A e e e e
W =
wu
0 02 04 06 08 10 12 14
Time (s)

Test Number: 469469-09-01

Test Standard, Test Number: MASH 2016, 3-61
Test Article: Burn Ban sign on wedge and socket
support

Test Vehicle: 2008 Kia Rio

Inertial Mass: 2435 Ib

Gross Mass: 2600 Ib

Impact Speed: 63.7 mi/h

Impact Angle: 0 degrees

Figure I.4. Vehicle Lateral Accelerometer Trace for Test No. 469469-09-01
(Accelerometer Located at Center of Gravity).
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Vertical Acceleration (g)

30

20

-20
0

Z Acceleration at CG

LA

17 \U\MQW’*W

"
|

04 06 038
Time (s)

— SAEClass 60 Filter

— 50-msec average

Test Number: 469469-09-01

Test Standard, Test Number: MASH 2016, 3-61
Test Article: Burn Ban sign on wedge and socket
support

Test Vehicle: 2008 Kia Rio

Inertial Mass: 2435 Ib

Gross Mass: 2600 Ib

Impact Speed: 63.7 mi/h

Impact Angle: 0 degrees

Figure I.5. Vehicle Vertical Accelerometer Trace for Test No. 469469-09-01
(Accelerometer Located at Center of Gravity).
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TXDOT MAILBOXES
TXDOT SINGLE TEMPORARY MAILBOX ON PLASTIC DRUM

APPENDIX J.

J.1.

Details of the Single Temporary Mailbox on Plastic Drum

J.1.1.
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J.1.2. Vehicle Properties and Information

Table J.1. Vehicle Properties for Test No. 469469-10-1.

Vehicle Inventory Number:  1ags

Date: 2019-04-11 Test No.:  469469-10-1 VIN No.: KNADH4A33BG6954717
Year: Make: Kia Model:  Rio
Tire Inflation Pressure: 32 PS| Odometer: 101770 Tire Size: 185/65R14

Describe any damage to the vehicle prior to test:  None

® Denotes accelerometer location. i I}'—"' [
NOTES: '
AW | » N T
II
' L ) L | v
Engine Type: 4 CYL :
Engine CID: 16L
Transmission Type:
Auto ar Manual )
Fwp [] RWD _[] 4wD F
Optional Equipment: i
Mone 8
L]
Dummy Data:
Type: 50th Percentile Male
Mass: B 165 |b - E - 0
Seat Position: OFFSITE IMPACT - _«c -
Geometry: inches :
A 5638 F 33.00 K 1225 P41z U 1475
B 51.50 G L 2525 Q 2z50 V' 2050
C 165.75 H 36.01 M 57.75 R 1550 W 36.00
D 3400 | 7.75 N 57.70 S g8 X 10200
E 98.75 J 21.50 O 27.00 T BBE.20
Wheel Center Ht Front 11.00 Wheel Center Ht Rear 11.00 wW-H 0.00
RANGE LIMIT: & = &5 £3 inthes; © = 169 #8 inchas; E =48 £5 inches: F = 35 &4 inches; H = 39 &4 inches; O (Bottom of Hood Lip) = 24 #4 inches
TOF OF RADIATOR SLUPFORT = _ZH 38 nches; (MHNIE = 56 £2 inchag; W-H < 2 Inches or usa MASH Paragraph #4 3 2
GVWR Ratings: Mass: |b Curb Test Inertial Gross Static
Front 1718 e 1,570.00 1.550.00 1,635.00
Total 3638 Mratal 2.455.00 2.440.00 2,605.00
Alknwabia TIM = 2420 b £55 I | Allowabda G5M = 2535 b £ 55
Mass Distribution:
b LF: 780 RF: soo0 LR: 480 RR: 400
Performed by:  scp Date: 2p19.04-11

TR No. 0-6969 J-6 2020-05-28



Table J.2. Exterior Crush Measurements of Vehicle for Test No. 469469-10-1.

Vehicle Inventory Mumber: 1369
Date: 2019-04-11 Test No.: 469469-10-1 VIN No.: KNADH4A33B6954717
Year: 2011 Make: Kia Model: Rio
Mileage: 101770
Please shade damage areas and note type of damage.
Driver's Side Passenger Side

List vehicle damage:

SKUFF MARKS ON FT BUMPER LT OF CL

HOOD 8" X 20" DENT .75" DEEP LT SIDE OF
CL

TR No. 0-6969 J-7 2020-05-28



Table J.3. Exterior Crush Measurements of Vehicle for Test No. 469469-10-1.

Vehicle Inventory Number: 1369
Date: 2019-04-11 Test No.: 469469-10-1 VIN No.: KNADH4A33B6954717
Year: 2011 Make: Kia Model: Rio

VEHICLE CRUSH MEASUREMENT SHEET!

Complete When Applicable

End Damage Side Damage
Undeformed end width Bowing: B1 Xl
Corner shift: Al B2 X2
AZ
End shift at frame (CD() Bowing constant
(check one) X1+ X2
< 4 inches 2 -
= 4 inches

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

Diirect Damage

Specific . . . . . .
L l- Oy C Cs Cy 0

Impact Planc® of Width** Blpx®** Field ) : ?

Mumber C-heasurements (O Crush L**

Measurements recorded

inches or mrn

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

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

Free space value 15 delined as the distance between the baseline and the original body contour taken at the individual
C locations. This may include the following: bumper lead, bumper taper, side protrusion, side taper, etc.
Record the value for each C-measurement and maximum crush,

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

¥¥¥hfeasure 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 J.4. Occupant Compartment Measurements of Vehicle for Test No. 469469-10-1.

Vehicle Inventory Number: 1369
Date: 2019-04-11 Tect No.: 469469-10-1 VIN Na.: KMNADH4A33B6954717
Year: 2011 Make: Kia Model: Rio

OCCUPANT COMPARTMENT
DEFORMATION MEASUREMENT

Before After Differ.

(inches)
Al 67.50 67.50 0.00
A2 67.25 67.25 0.00
A3 67.75 67.75 0.00
B1 40.50 40.50 0.00
B2 39.00 39.00 0.00
B1, B2, B3, B4, B5, B6 B3 40.50 40.50 0.00
:’j L B4 36.25 36.25 0.00
e \ B5 36.00 36.00 0.00
| b1.oe aD3
1 o & o, B6 36.25 36.25 0.00
© NN {u 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
/ I \ D3 9.50 9.50 0.00
TRT E1 51.50 51.50 0.00
E jfz E2 51.00 51.00 0.00
F 51.00 51.00 0.00
Ny 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,
Performed by:  S€D Date: 2019-04-11
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J.1.3. Sequential Photographs

= S
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Figure J.1. Sequential Photographs for Test No. 469469-10-1 (Right Angle and Oblique
Views).
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Figure A.1. Sequential Photographs for Test No. 469469-10-1 (Right Angle and Oblique
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J.1.4. Vehicle Angular Displacement
Roll, Pitch and Yaw Angles
3
2
- —
: ]
[o)]
[
T
s _—
o 07— e e I ]
-1 —
\/A_,_/
-20 0.1 02 0.3 04 05 0.6 0.7 0.8 09 1.0
Time (s)
[— Roll — Pitth — Yaw |
Test Number: 469469-10-1 Axes are vehicle-fixed.
Test Standard, Test Number: MASH 2016, 3-61 gﬁgr‘:gt‘;ifm determining
Test Article: Mailbox on Drum 40. Yaw.
Test Vehicle: 2011 Kia Rio (1100C) 41. Pitch. .
Inertial Mass: 2440 Ib 42. Roll.

Impact Speed: 62.9 mi/h
Impact Angle: 0 degrees

Figure J.2. Vehicle Angular Displacements for Test No. 469469-10-1.

Gross Mass: 2605 Ib ot
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J.1.5.

Longitudinal Acceleration (g)

Vehicle Acceleration

X Acceleration at CG

MM& »ﬂmﬁw%ﬁ\ a PICEPEIOWYS VSTV oW P PN A ey
L W o [
i
01 02 03 04 05 06 07 08 09
Time (s)

— Time of OIV(0.7988 sec) — SAEClass 60 Filter

— 50-msec average

Test Number: 469469-10-1

Test Standard, Test Number: MASH 2016, 3-61
Test Article: Mailbox on Drum

Test Vehicle: 2011 Kia Rio (1100C)

Inertial Mass: 2440 Ib

Gross Mass: 2605 Ib

Impact Speed: 62.9 mi/h

Impact Angle: 0 degrees

Figure J.3. Vehicle Longitudinal Accelerometer Trace for Test No. 469469-10-1

(Accelerometer Located at Center of Gravity).
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Lateral Acceleration (g)
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03
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5 06 0.7 08 09

Time (s)

— Time of OIV(0.7988 sec) — SAEClass 60 Filter

— 50-msec average ‘
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Test Number: 469469-10-1

Test Standard, Test Number: MASH 2016, 3-61
Test Article: Mailbox on Drum

Test Vehicle: 2011 Kia Rio (1100C)

Inertial Mass: 2440 Ib

Gross Mass: 2605 Ib

Impact Speed: 62.9 mi/h

Impact Angle: 0 degrees

Figure J.4. Vehicle Lateral Accelerometer Trace for Test No. 469469-10-1

(Accelerometer Located at Center of Gravity).
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Vertical Acceleration (g)

Z Acceleration at CG
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0.1 02 0.3 04 Tlnf(s) 0.6 0.7 038 0.9 1.0

— SAE Class 60 Filter

— 50-msec average

Test Number: 469469-10-1

Test Standard, Test Number: MASH 2016, 3-61
Test Article: Mailbox on Drum

Test Vehicle: 2011 Kia Rio (1100C)

Inertial Mass: 2440 Ib

Gross Mass: 2605 Ib

Impact Speed: 62.9 mi/h

Impact Angle: 0 degrees

Figure J.5. Vehicle Vertical Accelerometer Trace for Test No. 469469-10-1

(Accelerometer Located at Center of Gravity).



TXDOT CENTENNIAL MAILBOX ON TYPE 2 FOUNDATION
Details of the centennial Mailbox on Type 2 Foundation

J.2.
J.2.1.
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J.2.2. Vehicle Properties and Information
Table J.5. Vehicle Properties for Test No. 469469-10-2.
Vehicle Inventory Number:  13gg
Date: 2019-08-25 Test Mo.:  459469-10-2 VIN No.:  KMADH4A33B6954717
Year: 2011 Make: Kia Model: _Rio
Tire Inflation Pressure: 32 PsI Odometer: 101770 Tire Size: 185/65R14
Describe any damage to the vehicle prior to test: _None
i a i
® Denotes accelerometer location. i 4 !
NOTES: |
AOM | » N T
II
' L I. T '
Engine Type: 4 CYL ' =
Engine CID: 1.6 L
Transmission Type:
Auto or Manual i
Fwo [] RWD _[] 4wD ’
Optional Equipment: i
M 0 A
J
L
Dummy Data:
Type: 50th Percentile Male
Mass: 165 |bh
Seat Position: QPPSITE IMPACT s q -
Geometry: inches b
A 8638 F 3300 K 1225 P41z U475
B 5150 G L 2525 Q 2250 V2080
C 18575 H 36.01 M 5775 R 15.50 ) 36.00
D 3400 | 7.75 N 57.70 S gz X 7180
E 9875 J 21.50 O 27.00 T 86.20
Wheel Center Ht Front {11.00 Wheel Center Ht Rear 11.00 W-H _0.00
RANGE LIMIT: & =E5 £3 Inches; © =168 +8 nchas; E = B8 25 Inches. F = 35 &4 inchas: H = 38 +4 Inchas; O (Bottom of Hood Lip) = 24 #2 inches
TOF OF RADIATOR SUPFORT = 28,25  inches; (M+N)iZ = 58 +2 inches; W-H < Z inches or use MASH Paragraph £4.3.2
GVWR Ratings: Mass: Ib Curb Test Inertial Gross Static
Front 1718 Mrant 1570 1550 1635
Back jﬁz& Mrear ﬂﬂ& m] 290 S70.00
Total 3638 Mratal 2455 2440 2605
Allpwable TIM = 2420 Ib £55 I | Allowabde GEM = 2585 1b £ 55
Mass Distribution:
b LF: 780 RF: apo LR: 4ap RR: aoo
Performed by:  scp Date: 2p19-06-25

TR No. 0-6969

J-21

2020-05-28



Table J.6. Exterior Crush Measurements of Vehicle for Test No. 469469-10-2.

Vehicle Inventory Number: 1369
Date: 2019-06-25  TestNo.: 469469-10-2  yIN No.: KNADH4A33B6954717
Year: 2011 Make: Kia Model: Rio
Mileage: 101770

Please shade damage areas and note type of damage.
Driver's Side

Passenger Side

List vehicle damage:
FT BUMPER 3" DENT 14" TO RT OF CL

DENT IN RT SIDE OF HOOD 29"X31" 1.25"
DEEP WITH 2 .5"X2" CUTS

8"X8" BEEAK IN WINDSHIELD

SMALL DENT IN RT A-POST

Performed by: S€D Date: 2019-06-25
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Table J.7. Exterior Crush Measurements of Vehicle for Test No. 469469-10-2.

Vehicle Inventory Number: 1369
Date: 2019-06-25 Test Mo.: 469469-10-2 VIN No.: KMADH4A33BE854717
Year: 2011 Make: Kia Model: Rio

VEHICLE CRUSH MEASUREMENT SHEET!
Complete When Applicable

End Damage Side Damage

Undeformed end width Bowing:B1 X1

Cormer shifi: Al B2 X2
A2

End shift at frame (CDC) Bowing constant
{check one) X1+ 42
= 4 inches T N

=4 inches

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

Direct Damage

Specific . . . . . ,
L8 L Cy Cs Cs Cy =0

Impact Plane* of Width** Ilax*=* Field ! )

Murmbrer C-Measurements (D) Crush L**

Measurements recorded

incht‘s or mm

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

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

Free space value 1s defimed as the distance between the baseline and the ongimal body contour taken at the mdividual
C locations. This may include the following: bumper lead, bumper taper, side protrusion, side taper, etc.
Record the value for cach C-measurement and maximum ¢rush,

#EMeasure 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),

###heasure and document on the vehicle diagram the location of the maximum crush.

Performed by: SCD Date: 2019-06-26
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Table J.8. Occupant Compartment Measurements of Vehicle for Test No. 469469-10-2.

Vehicle Inventory Number: 1369
Date: 2019-06-25  Test No.: 469469-10-2 |N No.: KNADH4A33B6954717
Year: 2011 Make: Kia Model: Rio
> - OCCUPANT COMPARTMENT
il I:— [) DEFORMATION MEASUREMENT
Before After Differ.
(inches)
A1 67.50 67.50 0.00
C;i ' J AD 67.25 67.25 0.00
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, BS, B6 B3 40.50 40.50 0.00
j l B4 36.25 36.25 0.00
Q: \ B5 36.00 36.00 0.00
b og.ab3 B6 36.25 36.25 0.00
© i C1 26.00 26.00 0.00
c? 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 9.50 0.00
B 5| E1 51.50 51.50 0.00
EliEz E2 51.00 51.00 0.00
F 51.00 51.00 0.00
L 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* S = L L
driver's side kick panel to passenger’s side kick panel.
Performed by:  SCED Date: 2019-06-26
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J.2.3. Sequential Photographs

2019-08-25 TEST 469469-10-2

[ .
i =" T ] .
= \ = . \ )

0.000 s

2019-06-25 TEST 469469-10-2

s

0.025 s

P S

13019-06-25 TEST 469469- 10-2~

0.050 s

3019-06-25 TEST 469469~ 102

mmmmmm

30926510
T12420L8 —

. & 4 =

0.75s

Figure J.6. Sequential Photographs for Test No. 469469-10-2 (Right Angle and Oblique
Views).
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Figure J.6. Sequential Photographs for Test No. 469469-10-2 (Right Angle and Oblique Views)
(Continued).
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LTI

8C-50-0C0C

J.2.4.

Vehicle Angular Displacement

Roll, Pitch and Yaw Angles

L T~

/

0 A AN

AN

Angles (degrees)

l* Roll  — Pich — Yaw ‘

Test Number: 469469-10-2 (Centennial)

Test Standard, Test Number: MASH 2016, 3-61
Test Article: Centennial Model Mailbox on Type
2 Foundation

Test Vehicle: 2011 Kia Rio (1100C)

Inertial Mass: 2440 Ib

Gross Mass: 2605 Ib

Impact Speed: 63.0 mi/h

Impact Angle: 0 degrees

05
Time (s)

06 07 08 09

Axes are vehicle-fixed.
Sequence for determining
orientation:

43. Yaw.

44. Pitch. =

45. Roll. -

Figure J.7. Vehicle Angular Displacements for Test No. 469469-10-2.
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J.2.5. Vehicle Acceleration

Longitudinal Acceleration (g)

X Acceleration at CG

||
R T
I A A
(i
i
i
[
|

Time (s)

— Time of OV (06071 sec) — SAEClass 60 Filter — 50-msec average \

Test Number: 469469-10-2 (Centennial)
Test Standard, Test Number: MASH 2016, 3-61
Test Article: Centennial Model Mailbox on Type
2 Foundation

Test Vehicle: 2011 Kia Rio (1100C)

Inertial Mass: 2440 Ib

Gross Mass: 2605 Ib

Impact Speed: 63 mi/h

Impact Angle: 0 degrees

Figure J.8. Vehicle Longitudinal Accelerometer Trace for Test No. 469469-10-2
(Accelerometer Located at Center of Gravity).
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(Yad)
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Lateral Acceleration (g)

Y Acceleration at CG

_—t

Time (s)

— Time of OIV(0.6071sec) — SAECIass 60 Filter — 50-msec average ‘ Test Number: 469469-10-2 (Centennial)

Test Standard, Test Number: MASH 2016, 3-61
Test Article: Centennial Model Mailbox on Type
2 Foundation

Test Vehicle: 2011 Kia Rio (1100C)

Inertial Mass: 2440 Ib

Gross Mass: 2605 Ib

Impact Speed: 63 mi/h

Impact Angle: 0 degrees

Figure J.9. Vehicle Lateral Accelerometer Trace for Test No. 469469-10-2
(Accelerometer Located at Center of Gravity).
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Vertical Acceleration (g)

15

-
o

6]

o

'
4]

Z Acceleration at CG

Time (s)

— SAEClass 60 Filter — 50-msec average

Test Number: 469469-10-2 (Centennial)
Test Standard, Test Number: MASH 2016, 3-61
Test Article: Centennial Model Mailbox on Type
2 Foundation

Test Vehicle: 2011 Kia Rio (1100C)

Inertial Mass: 2440 Ib

Gross Mass: 2605 Ib

Impact Speed: 63 mi/h

Impact Angle: 0 degrees

Figure J.10. Vehicle Vertical Accelerometer Trace for Test No. 469469-10-2
(Accelerometer Located at Center of Gravity).
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J.3.2.  Vehicle Properties and Information
Table J.9. Vehicle Properties for Test No. 469469-10-3.

Vehicle Inventory Number:  q3ga

Date:  2019-06-25 Test No.. 469469-10-3 VIN No.:  KNADH4A33B6954717
Year: 2011 Make: kKia Model: Ria
Tire Inflation Pressure: 32 PS| Odometer: 101770 Tire Size: 185/65R14

Describe any damage to the vehicle prior to test:  None

i i
® Denotes accelerometer location. i i
NOTES:
A M N T
T ¥
Engine Type: 4 CYL ! !
Engine CID: 16L
Transmission Type:
Auto  or  [] Manual i
FwD [] RwD [] 4wD
Optional Equipment: i i
Mone !
Q
i L §
Dummy Data:
Type: h Percentile Mal
Mass: 165 o L E - 0
Seat Position: QPPOSITE IMPACT - X =
Geometry: inches :
A 66.38 F 33.00 K 12.25 P 442 U 1475
B 5150 G L 5525 Q 2250 WV 2050
C 16575 H 36.01 M 57.75 R 1550 W 36.00
D 34.00 | 7.75 N 57.70 S 825 X 71.50
E 9875 J 2150 O 27.00 T 6620

Wheel Center Ht Front 411.00 Wheel Center Ht Rear 1100 W-H 0.00

RAMNGE LIMIT: A = 85 +3 inches. C = 160 28 inches, E = 88 t5inchas; F = 35 +4 inches; H = 38 +d nches; O [Baoltam of Haod Lip) = 24 4 inchas
TOP OF RADIATOR SUPPORT = 2825  inches; (M+NYZ = 58 32 mches; W-H < 2 inches ar use MASH Faragraph Ad.3.2

GVWR Ratings: Mass: |b Curb Test Inertial Gross Static
Front 1718 Mot 1570 1550 1635

Back 1874 Meear £85.00 B90 970.00

Total 3638 Mt otal 2455 2440 2605

Alowable TIM = 2420 Ib £55 b | Mowable G2 = 2585 |1b 4 55 b
Mass Distribution:
[[s] LF: 7#s0 RF: 800 LR: 4ap RR: 400

Performed by:  scD Date: 2nig9-06-25
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Table J.10. Exterior Crush Measurements of Vehicle for Test No. 469469-10-3.

Vehicle Inventary Number: 1369
Date: 20190625  ToqtNo:. 469469103  \uNo-  KNADH4A33B6954717
Year: 2011 Make: Kia Model: Rio
Mileage: 101770

Please shade damage areas and note type of damage.

Driver's Side

Passenger Side

List vehicle damage:

3" DEEF DENT IN FT BUMPER 14" TO LT OF

CL

26" X 33" DENT IN LT SIDE OF HOOD 1.5"

DEEP WITH ONE .25" X .5 CUT

8" X 8" BREAK IN WINDSHIELD

Performed by: SCD

TR No. 0-6969 J-38
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Table J.11. Exterior Crush Measurements of Vehicle for Test No. 469469-10-3.

Vehicle Inventory Mumber: 1369
Date: 2019-06-25  TestNo.: 469469-10-3  \N Nov- KNADH4A33B6954717
Year: 2011 Make: Kia Model: Rio

VEHICLE CRUSH MEASUREMENT SHEET'
Complete When Applicable

End Damage Side Damage

Undeformed end width Bowing: BI X1

Corner shifi: Al B2 = X2
Al

End shift at frame (CDC) Bowing constant
(check one) X1+ x2
< 4 inches T N

= 4 inches

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

Dhrect Damage

Specitic ' ' ’ ’ . .
[ 'y Ly L Oy Ca ES B

Irmpact Plane* of Width** Max*+* Field : : !

Numther C-Measuremenis (CDICY Crush L*=

Measurements recorded

inches or mim

'"Table taken from National Accident Sampling System (NASS).

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

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

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

#*#Measure and document on the vehicle diagram the location of the maximum crush.
Mote: Use as many lines/columns as necessary o describe each damage profile.

Performed by: SCD Date: 2019-06-26
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Table J.12. Occupant Compartment Measurements of Vehicle for Test No. 469469-10-

3.
Vehicle Inventory Number: 1369
Date: 2019-06-25  Test No.: 469469-10-3 VIN No.: KNADH4A33B6954717
Year: 2011 Make: Kia Model: Rio
e OCCUPANT COMPARTMENT
o [:— DEFORMATION MEASUREMENT
Before After Differ.
(inches)
U A1 67.50 67.50 0.00
G A 67.25 67.25 0.00
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, BS. B6 B3 40.50 40.50 0.00
l B4 36.25 36.25 0.00
\ B5 36.00 36.00 0.00
B6 36.25 36.25 0.00
C1 26.00 26.00 0.00
C2 0.00 0.00 0.00
C3 26.00 26.00 0.00
D1 9.50 9.50 0.00
D2 0.00 0.00 0.00
/ I \ D3 9.50 9.50 0.00
BT 5 E1 51.50 51.50 0.00
Ej E2 E2 51.00 51.00 0.00
F 51.00 51.00 0.00
S 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* 21.00 21.00 0.00
driver's side kick panel to passenger's side kick panel,
Performed by:  SCD Date: 2019-06-26
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J.3.3. Sequential Photographs

19-06-25 TEST

[
== =1
19-06-25 TEST 468469-1
B
EREC

il

0.075s

Figure J.11. Sequential Photographs for Test No. 469469-10-3 (Right Angle and Oblique
Views).
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0.100 s

P R =
2 lmi e z

e

0.125 s

=
12019-06-; E 9469-10-

o
4
e
0.150 s
i B =
9-06-25] TEST 469469-10-

Poiass: et

e

Figure A.1. Sequential Photographs for Test No. 469469-10-3 (Right Angle and Oblique
Views) (Continued).
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J.3.4. Vehicle Angular Displacement
Roll, Pitch and Yaw Angles
3
J—’—\x
2 / \
»
g 1
g . \ I S——
(7]
% I
g
-2 / -~
-30 0.1 0.2 03 04 05 06 0.7 038 09 10
Time (s)
[— Rol_ — Pitth — Yaw |
Test Number: 469469-10-3 Lockable
Test Standard, Test Number: MASH 2016, 3-61 Axes are vehicle-fixed.
Test Article: Lockable mailbox on Type 2 Sequence for determining
Foundation °”e”t22°”:Y
Test Vehicle: 2011 Kia Rio (1100C) 47 pﬁzﬁ_ =
Inertial Mass: 2440 Ib 48. Roll. -
Gross Mass: 2605 Ib
Impact Speed: 62.6 mi/h
Impact Angle: 0 degrees

Figure J.12. Vehicle Angular Displacements for Test No. 469469-10-3.



6969-0 ON d.L

12740
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J.3.5.

Longitudinal Acceleration (g)
N

Vehicle Acceleration

X Acceleration at CG

/ Nas=va'l AVaamYi \A4
0.1 02 03 04 05 06 07 08 09
Time (s)
— Time of OIV(0.7785 sec) — SAEClass 60 Filter — 50-msec average ‘

Test Number: 469469-10-3 Lockable

Test Standard, Test Number: MASH 2016, 3-61
Test Article: Lockable mailbox on Type 2
Foundation

Test Vehicle: 2011 Kia Rio (1100C)

Inertial Mass: 2440 Ib

Gross Mass: 2605 Ib

Impact Speed: 62.6 mi/h

Impact Angle: 0 degrees

Figure J.13. Vehicle Longitudinal Accelerometer Trace for Test No. 469469-10-3
(Accelerometer Located at Center of Gravity).
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Lateral Acceleration (g)

Y Acceleration at CG

— Time of OIV(0.7785sec) — SAEClass 60 Filter

— 50-msec average ‘

|
N
I MMA A el VA LMNWMWWM\\WW A
[ e
0.1 02 03 04 05 06 07 08 09
Time (s)

Test Number: 469469-10-3 Lockable

Test Standard, Test Number: MASH 2016, 3-61
Test Article: Lockable mailbox on Type 2
Foundation

Test Vehicle: 2011 Kia Rio (1100C)

Inertial Mass: 2440 Ib

Gross Mass: 2605 Ib

Impact Speed: 62.6 mi/h

Impact Angle: 0 degrees

Figure J.14. Vehicle Lateral Accelerometer Trace for Test No. 469469-10-3
(Accelerometer Located at Center of Gravity).
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Vertical Acceleration (g)

15

-
o

[¢)]

o

'
)]

-10
0

Z Acceleration at CG

[

”\
I\

W

|

02 03 04 05 06 07 038 09
Time (s)

— SAEClass 60 Filter — 50-msec average

Test Number: 469469-10-3 Lockable

Test Standard, Test Number: MASH 2016, 3-61
Test Article: Lockable mailbox on Type 2
Foundation

Test Vehicle: 2011 Kia Rio (1100C)

Inertial Mass: 2440 Ib

Gross Mass: 2605 Ib

Impact Speed: 62.6 mi/h

Impact Angle: 0 degrees

Figure J.15. Vehicle Vertical Accelerometer Trace for Test No. 469469-10-3
(Accelerometer Located at Center of Gravity).
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APPENDIX K.

CONCRETE MOW STRIP
DETAILS OF THE ROUND WOOD POST GUARDRAIL IN CONCRETE MOW

K.1.
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GROUT COMPRESSIVE STRENGTH TEST REPORT

Report Number: A1171057.0048

1lerracon

Service Date: 10/30/18 6198 Imperial Loop

Report Date: 11/27/18 Revision 2 - Break correction College Station, TX 77845-5765
Task: PO #469469-11 979-846-3767 Reg No: F-3272
Client Project

Texas Transportation Institute
Attn: Gary Gerke

TTI Business Office

3135 TAMU

College Station, TX 77843-3135

Riverside Campus
Riverside Campus
Bryan, TX

Project Number: A1171057

Material Information

Specified Strength: 125 psi(@

Sample Information

Sample Date:
Sampled By:

10/30/18 Sample Time: 1320
Randolph E. Rohrbach

Mix ID: EFLOWIS Weather Conditions: Cloudy, moderate wind
Supplier: Martin Marietta Accumulative Yards: 10/10 Batch Size: 5
Batch Time: 1234 Plant: 617 Sample Size: 3" by 3"
Truck No.: 8102 Ticket No.: 5041911 Sample Location:
B Placement Location: 439 439-1]
Field Test Data Form Material: Cardboard Form No. Units: 3
Test Result Specification Samples Plumb: Yes
Shump (in): Not Specified Temperature Range:
Grout Temp. (F): 78 40-95
Ambient Temp. (F): 79 40 -95
Laboratory Test Data
Maximum Compressive
Set Specimen Date Date Age Area Load Strength Tested
No. 1D Received Tested (days) (sq in) (Ibs) (psi) By
1 A 10/31/18 11/08/18 9 10.73 339 30 BIA
1 B 10/31/18 11/08/18 9 10.73 565 50 BJA
1 & 10/31/18 11/08/18 9 10.73 396 40 BIA
Average (9 days) 40
1 D 10/31/18 11/19/18 20 10.82 1,020 90 AWD
1 E 10/31/18 11/19/18 20 11.08 1,130 100 AWD
1 F 1073118 11/19/18 20 11.09 1,190 110 AWD
Average (20 days) 100
1 I 10/31/18 11/27/18 28
| I 10/31/18 11/27/18 28
1 K 10/31/18 11/27/18 28
1 G 10/31/18 Hold
| H 10/31/18 Hold
1 L 10/31/18 Hold

Initial Cure: Onsite Cooler

Final Cure: Cure Box

Comments:

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

CROO09, [1-16-12, Rev.iy

TR No. 0-6969
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GROUT COMPRESSIVE STRENGTH TEST REPORT

Report Number: A1171057.0048 1 rerracon

Service Date: 10/30/18 6198 Imperial Loop
Report Date: 11/27/18 Revision 2 - Break correction College Station, TX 77845-5765
Task: PO #469469-11 979-846-3767 Reg No: F-3272
Client Project

Texas Transportation Institute Riverside Campus

Attn: Gary Gerke Riverside Campus

TTI Business Office Bryan, TX

3135 TAMU

College Station, TX 77843-3135 Project Number: A1171057

Samples Made By: Terracon

Services: Obtain sample of grout at the placement location and cast specimens for compressive strength determination.
Terracon Rep.: Randolph E. Rohrbach Start/Stop: 1230-1500
Reported To:
Contractor:
Report Distribution: — 3
1) Texas Transportation Institute, Gary Gerke (1) Terracon Consuliants, Inc., Andrea Gieser Reviewed B}' 2

Shane Sullivan
Project Manager

Test Methods: ASTM C109, ASTM C1019

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

CROD0OY, 11-16-12, Rev.6 Page 2 of 2
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/-‘ Texas A&M Doc. No.S Issue Date:+|c
Transportation 3 P s L | -
A [nstitute QF7.3-01::Concrete OF7.3-01= | 2018-06-18=
Praving Grounoy Taxgs AN Untvarsityg Samplingo

3100-5H-4T, TORM Colege Station. TX- 77543

Bryan, TX 77807 | Phone-272-845-82757|

- Prepared by: Wanda L. MengesY Revision: -+ | Page¥ c

B Quality-Formo Approved by: ‘DarrellL. -Kuhne & 1-of 1=
T

Project No: Yy G-/ Casting Date: 20/} -/ -3 ¢__ Mix Design (psi): Ei‘a -

Name of Technician

MName of Technician

Taking Sample Breaking Sample
Signature of Signature of
Technician Technician Breaking
Taking Sample Sample
Load No. Truck No. Ticket No. Location (from concrete map)
7_/ Pl Soy/5y /l/:r’f/’/pﬂu/‘* é’Aan//f /%em;}
/ A 09/6}-{‘ S 723/? /e.’mur:w,:,, /2’—‘.7}
Load No. Break Date Cylinder Age Total Load (Ibs) Break (psi) Average
TR No. 0-6969 K-6
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Martin
Marietta

CUSTOMER'S COPY

™ - T
Martin Marietta
1503 LBJ Freeway
Suite 400
.. Dallas, Tx 75

ALLOWABLE WATER (withheld from batch)
TESTCYLINDERTAKEN OYES QNO BY _

| BAL m

12|
:

Fﬁn SIGNATURE ! _
GAL." Y Y

DELIVERY OF THESE MATERIALS IS SUBJECT TO THE TERMS ANI

CYLINDER TAKEN LQBEFORE 0 AFTER WATER " . CONDITIONS ON THE REVERSE SIDE HEREOF AS ACCEPTED B'
ADDITIONAL WATER ADDED TO THIS CONCRETE WiLL REDUCE  S!GNATURE ABOVE . '
ITS STRENGTH. ANY WATER ADDED IN EXCESS OF SPECIFIED ; '
SLUMP IS AT CUSTOMER'S RISK. 4
CUSTOMER NAME AND DELIVERY ADDRESS PLANT  TRUCK ORDERNO.  SLUMP PO WJOBLOT  GAID
TEXAS A & i UNIVERSI 617 2122 2081 11, 43911
TTI-Riverside Canpus DRIVER NA BATE:
LAARY JANTZEN l@/30/ 18
- o CUSTOMER NUMBER PROJECT cUM, Gy ORDEREDGTY  ©
- e o i 783859 Bi240 w500 5. G
.wnun‘ﬂur”m,ﬁmmmg“ 2, S ¥ PR yﬂ_rr‘linmaﬁ:qu . mmm'rt _._:_
5.00  oreslil o EFiowis 4681 BLAW FILL . SN g
1,00 sa LEg87 FREIBHT CHARGE i
- ? /95( vt . o
' . ' il £ £
:“i‘ L R 2 4
SPECIAL DELIVERY INSTRUCTIONS { ’ : ﬁ;
Z818-RT ON_LEONARD RY u‘rf HWY-47-LFT BNTO RELLIS N a2
CAMPUS Wil MEETAT éaTte

i sk S :,% s oz S|
. [ 5 - d
Emouamene w!2585294 1

_____ TR
>0 Track YDr v e o W ALy Disphricket m Ticket ID . Tims Date i
) 8182 7 & o] usay b ! i 70821 12:34-10/30./18 1

Laad Siz@™ Mix Cpde Returned At Mix Age Seq odlyad . ID ° =y
. Se09 Y EFLOWLS gh’ | 71801 I
Material  Desigg @t Riquired fatched 2 Flaisture  Actual Mat B
1k - 14981 16 19868 b - 1mx n 72 gl .
=311 142 ib 710 1b T8 1b -1 4 i %
HiR 38 b w185 b 188 1b b S RS -
fﬁi‘%u n:i'? g A 3,662 Water/Coment’3. 71k Y, Denign 3 { ﬁ.ﬂ. "'1 S g 57 A 131 gt ||
. L otal: 7 mgign 3. ater/Comgnt:'3, 71 < ign 3il.6 gl ~firtud ) (] 1 .1 gl
1 Sluln:u 1L jin" Wt .?:‘n-m: 9.@ gl Adjust etire Lig s/ mg Trin Eater: 2.5 gl n%"" ’ {
' > ' 3
i ..'- \‘l i |
e > T / VA .
e ot (G s
_3 o i »
kﬁ' p "'«Q'\,_l_: 4_' ] .
3 N ‘d - o ‘
2020-05-28
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CUSTOMER'S CoPY # | TICREVNGT 7]
bt Martin Marietta
Marietta TSRS i -
Dallas, Tx 75234
T
1S f4=03 | 1H1)a H.: _' M :15 : :
okl e el P --

'TESTCYLINDER TAKEN O YES [QNO BY

TDEL&EHY OF THESE MATERIALS IS SUBJECT TO THE TERMS AN

CYLINDER TAKEN U BEFORE O AFTER WATER
ADDITIONAL WATER ADDED TO THIS CONCRETE WILL REDUCE

COHDITIUNS ON THE HEUEHSE SIDE HEREOF AS ACCEPTED B
* SIGNATURE ABOVE .

ITS STRENGTH. ANY WM'EH ADDED IN EXCESS OF SPECIFIED o
SLUMP IS AT CUSTOMER'S RISK. J
cu ER NMIE AND D ADDRESS |pranT. TRUCK ORDER NO. SLUMP P.0. #JOB/ILOT GRID
TEXAS A & M UNIYERS] ' §17 B1p2 2021 e 439-11
'T: Riverside Campus | DRIVER NAME DATE
: gt LARRY JINTZEN o zarie |
v R e s % | § CUSTOMER NUMBER PROJECT CUM, aTy ORDERED QTY
Past el = & o LB 3057 51249 11D, 0 10; 0@
LOAD QUANTITY  PRODUCT CODE 'DESCRIPTION T UNITPRICE . . AMOUNT
: r ¥ =1 Ml s B o
g Qﬂ CYPRE - o EELG'\J!!‘B- Ny ipﬁ&ﬂ- FLOW.. Fdhsh. . ¥ . T-u:q\ﬂ—' B B £ T Y e ‘,,__:
] sy FREIGHT GHARBE P A ! %
, ¥ o
af s
4
SPECIAL DELIVERY INSTRUCTIONS
c818-RT. ON LEONARD RT ON HWY =47 INTO RELLIS gy g
CAMPUS WILL MEETAT GATI -
TOTAL
JANGER! MAY CAUSE ALKALI BURNS.
SEE WARNINGS ON REVERSE SIDE, FOR OFFICE USE onLy FORM: 258 302
I [ D i wer s er Digp Ticket Num icket 1D Time-—date
8102 FiarA e STt oG ‘ 708ET =+ 13:5) 1@/30/18
Load S13F§™ 1&% # Code Returned ey M Fge Seq Load ID
S5.00 CYDSEFLOWIS ol D 71809
Hateru. Tresegn Qty RE;'Z lired Bakched 3 Var ¥ Moisture  Actual Wat
SOHD o8 I.h R 1492 1p 8.1 il W gl 4
CNT-1/11 710 1 718 b 8. oo
Heo Sﬂ 1'- 1885 1b 1881 1b -8, 2% % 225 gl
Actual Num Balmes L L
Load Total: 1751 Design 3. -n-k Iuttr Ceaent 3,862 T o Design 3 1 2838.7 gl To : 129
S:._:p: 1.8 i ; Watsr in Truck: &P gi ‘trm “aters 8.8 g1/ Loa PiE aater A3 E ‘rf : y
i
- 2020-05-28
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Table K.1. Summary of Strong Soil Test Results for Establishing Installation Procedure.

oo e tearaoooor]  Dynamice A Post-Test
1 1 i I} i
| ‘l Setup - Photo
n Static
- ¥
- Post-Test Load Test
Photo of post
e | ol L
Percent Finer Vs. Grain Size of Fill Soil for Dynamic and Static Load Tests éé;*‘NUCL/H&RD‘FA\CALETER @
100 3 II:
\ a0
80
.\ 0 _
5
N B0 E
™~ 50 2 WEX16 STTEL POST
™~ g
I 40 E i
30 . 32" 25—INCH HEIGH
[~ 0 Dynamlc * QOF IMPACT
0 Test R
0 Installation tOL 43
10 1 01 001 i o
Grain Size. D (mm) Details o ' J
e aetineh height 1 wexis T
10000 STEEL
il WINCH OR ; POST 29~
o HYDRAULIC 25
7000 CYLINDER
— 6000 ’ / —Bogie Data ;
2| ) —omame. 24 INCH ' 72
| /4 —Reuies DIAMETER -
oo |/ S GRANULAR X . .
2000 / FILL 40 43
1000 / Static Load
0 Test Installation
0 5 10 15 20 |-
Displacement (inch) Details
DAL ...t e e et e e ettt aeaat——_. 2008-11-05

Test Facility and Site Location

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

In Situ Soil Description (ASTM D2487)

Sandy gravel with silty fines

Fill Material Description (ASTM D2487) and sieve analysis

AASHTO Grade B Soil-Aggregate (see sieve analysis above)

Description of Fill Placement Procedure

6-inch lifts tamped with a pneumatic compactor

Bogie Weight...........oooveiiiiiiiieeeeee

5009 Ib

Impact Velocity

20.5 mph
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Table K.2. Test Day Static Soil Strength Documentation for Test No. 469688-5-1.

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

7000 -
E 4000
1000 |
Displacement (inch)
| @Loadvs. Displacement from Static Load Test  @Minimum Static Load |
Percent Finer Vs. Grain Size of Fill Scil for Dynamic and Static Load Tests
N o
\\\.\ 70
\\ L\\ 50 %
i\ 40 E
...__-_.‘ 30
i 20
" Grain Sizwe.D(mm] a . A X - Ll
Post-Test Photo of Post
1D 7= = 2018-12-04
Test Facility and Site Location ............cccvvvvvviiiiiiiiiiiiiiiiiienn, TTI Proving Ground — 3100 SH 47, Bryan, Tx
In Situ Soil Description (ASTM D2487) .........ccuvvveerivmenennnnnnns 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 .............ccccvvueeen. 6-inch lifts tamped with a pneumatic compactor




K.3. MASH TEST 3-11 (CRASH TEST NO. 469469-11)

K.3.1.  Vehicle Properties and Information

Table K.3. Vehicle Properties for Test No. 469469-11.

Vehicle Inventory Number: 1347
Date: 2018-12-04 TestNo.  469469-11-1 VINNo:  1CBRDBFT2CS280469
Year: 2012 Make: RAM Model: 1500
Tire Size: 26570 R 17 Tire Inflation Pressure: 35 psi
Tread Type: Highway Odometer:

Mote any damage to the vehicle prior to test:  None

® Denotes accelerometer location.

NOTES: None

Engine Type: V-8
Engine CID: 4.7 liter

=] |

Transmission Type:

Auto  or  _[] Manual
[ FWD _7] RWD _[] 4wD

Optional Equipment:
None

—'TEST INERTIALC. M
&

Dummy Data: 21§ ey,
Type: Lo o
Mass: 0 Ib
Seat Position:

Geometry: inches . -
A 78.50 F 40.00 K 20.00 P 3.00 27.50
B 74.00 G 28.00 L 30.00 Q 30.50 31.25
c 22750 H 63.28 ¥ 68.50 R 1800 6320
D ﬂ | 11.75 N 68,00 5 & ﬂ
E 14050 2700 O 2600 T ___ 7700
e ot 1475 cloarames (Fromt 6.00 AN 12,50
et o 1475 Closrance fhom 9.25 Rl 22.50
RAMGE LIMIT: A=7E +2 inches, C=237 +13 inches;, E=148 +17 inchies. F=33 +3 nchas; G = = 28 inches; H =63 +4 inchas; D=43 +4 inches; MHN2=6T +1.5inchas
GVWR Ratings: Mass: |b Curb Test Inertial Gross Static
Front 3700 Mo 2889 2759
Back 3900 Mraar 2131 2261
Tatal 6700 Y —_— 5020 5020 0

{Allraable Range for TIM and GSM = 5000 b 110 lb}
Mass Distribution:
Ib LF: 1398 RF: 1361 LR: 1122 RR: 1139

Performed by:  SCD Date: 2018-12-04

TR No. 0-6969 K-11 2020-05-28



Table K.4. Measurements of Vehicle Vertical CG for Test No. 469469-11.

Vehicle Inventory Number: 1347
Date: 2018-12-04 Test No.: 469469-11-1 VIN: 1CBRDBFT2C5280469
Year: 2012 Make: RAM Model: 1500
Body Style;: Quad Cab Mileage:
Engine: 4.7 liter V-8 Transmission: Automatic
Fuel Level: Empty Ballast: 171 {440 Ib max)
Tire Pressure: Front: 35  psi Rear: 35 psi Size: 265/70 R 17

Measured Vehicle Weights: (Ib)

LF: 1398 RF: 13861 Front Axle: 2759
LR: 1122 RR: 1139 Rear Axle: 2261
Left: 2520 Right: 2500 Total: 5020

S000 £110 Ib allowed

Wheel Base: 140.50 inches Track: F: 68.50 inches R: 68.00 inches
148 £12 inches allowed Track = (F+Ry2 = 67 £1.5 inches allowed

Center of Gravity, SAE J874 Suspension Method

X 63.28 inches Rear of Front Axe (63 4 inches allawed)

Y -0.14 inches Left - Right + of Vehicle Centerline
£ 28.00 inches Above Ground iminumum 28,0 inches allowed)
Hood Height: 46.00 inches Front Bumper Height: 27.00 inches

43 +4 inches allowed

Front Overhang: 40,00 inches Rear Bumper Height: 30.00 inches

39 +3 inches allowed

Overall Length: 227.50 inches
237 £13 inches allowed

Performed by:  SCD Date: 2018-12-04

TR No. 0-6969 K-12 2020-05-28



Table K.5. Exterior Crush Measurements of Vehicle for Test No. 469469-11.

Vehicle Inventory Mumber: 1347
Date: 2018-12-04 Test No.: 469469-11-1 VIN No.: 1C6RD6FT2CS5280468
Year: 2012 Make: RAM Model: 1500

VEHICLE CRUSH MEASUREMENT SHEET'

Complete When Applicable

End Damage Side Damage

Undeformed end width Bowing: BI X1

Comner shift: Al B2 X2 __
A2

End shift at frame (CDC) Bowing constant
icheck one) X1+ X2
< 4 inches T B

=4 inches

Mote: Measure C to Ci from Driver to Passenger Side in Front or Rear Impacts — Rear to Front in Side Impacts.

[Mrect Damage

Specific o . C. C . ) +T
Impact Plane® of Width** Mux*** Field ) - ! s G i
Mumher C-Measurements Oy Crush L*=

1 AT FT BUMPER 17

2 SAME 11

MMeasurements recorded

Inthn-s or mm

'Table taken from Mational Accident Sampling System (NASS),

*ldentily 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.

#*heasure 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).
#**Measure and document on the vehicle diagram the location of the maximum crush.

Mote: Use as many lines/columns as necessary 1o describe each damage profile.

TR No. 0-6969 K-13 2020-05-28



Table K.6. Occupant Compartment Measurements of Vehicle for Test No. 469469-11.

Vehicle Inventory Number: 1347
Date: 20181204  Test No. 469469-11-1 /N No. 1C6RDEFT2CS280469
Year: 2012 Make: RAM Model: 1500
OCCUPANT COMPARTMENT

DEFORMATION MEASUREMENT

Before After Differ.
(inches)
A1 65.00 65.00 0.00
A2 63.00 63.00 0.00
A3 65.50 65.50 0.00
B1 45.00 45.00 0.00
B2 38.00 38.00 0.00
B3 45.00 45.00 0.00
B4 39.50 39.50 0.00
— B5 43.00 43.00 0.00
B6 39.50 39.50 0.00
C1 26.00 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
7 | \ D3 11.50 11.50 0.00
525 E1 58.50 58.50 0.00
BL4 | 536 E2 63.50 63.50 0.00
| El=4——— E3 63.50 63.50 0.00
E4 63.50 63.50 0.00
D e U . [J £ 59.00 59,00 0.00
G 59.00 59.00 0.00
H 37.50 37.50 0.00
*Lateral area across the cab from driver’s side | 37.50 37.50 0.00
kickpanel to passenger's side kickpanel. g 2500 25,00 0.00
Performed by: SCD Date: 2018-12-04

TR No. 0-6969 K-14 2020-05-28



K.3.2. Sequential Photographs

0.000 s

0.100 s

0.200 s

0.300 s

Figure K.1. Sequential Photographs for Test No. 469469-11 (Overhead and Gut Views).

TR No. 0-6969 K-15 2020-05-28



0.500 s

0.600 s

0.700 s

Figure A.1. Sequential Photographs for Test No. 469469-11 (Overhead and Gut Views)
(Continued).

TR No. 0-6969 K-16 2020-05-28



Figure K.2. Sequential Photographs for Test No. 469469-11 (Rear View).
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8C-50-0C0C

K.3.3. Vehicle Angular Displacement
Roll, Pitch and Yaw Angles
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Test Number: 469469-11

Test Standard: MASH 2016, 3-11

Test Article: Round wood post guardrail in
concrete mow strip

Test Vehicle: 2012 RAM 1500

Inertial Mass: 5020 Ib

Gross Mass: 5020 Ib

Impact Speed: 63.3 mi/h

Impact Angle: 25.3 degrees

Figure K.3. Vehicle Angular Displacements for Test No. 469469-11.

Axes are vehicle-fixed.
Sequence for determining
orientation:

49. Yaw.

50. Pitch.

51. Roll.

10
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K.3.4.

Longitudinal Acceleration (g)
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Vehicle Acceleration
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Test Number: 469469-11
Test Standard, Test Number: MASH 2016, 3-11
Test Article: Round wood post guardrail in
concrete mow strip

Test Vehicle: 2012 RAM 1500
Inertial Mass: 5020 Ib

Gross Mass: 5020 Ib

Impact Speed: 63.3 mi/h
Impact Angle: 25.3 degrees

06

0.7 08

Figure K.4. Vehicle Longitudinal Accelerometer Trace for Test No. 469469-11

(Accelerometer Located at Center of Gravity).
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Lateral Acceleration (g)

Y Acceleration at CG
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Test Number: 469469-11

Test Standard, Test Number: MASH 2016, 3-11
Test Article: Round wood post guardrail in
concrete mow strip

Test Vehicle: 2012 RAM 1500

Inertial Mass: 5020 Ib

Gross Mass: 5020 Ib

Impact Speed: 63.3 mi/h

Impact Angle: 25.3 degrees

Figure K.5. Vehicle Lateral Accelerometer Trace for Test No. 469469-11
(Accelerometer Located at Center of Gravity).
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Vertical Acceleration (g)

Z Acceleration at CG
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l* SAEClass 60 Filter — 50-msec average ‘

Test Number: 469469-11
Test Standard, Test Number:

concrete mow strip

Inertial Mass: 5020 Ib
Gross Mass: 5020 Ib
Impact Speed: 63.3 mi/h
Impact Angle: 25.3 degrees

Test Article: Round wood post guardrail in

Test Vehicle: 2012 RAM 1500

MASH 2016, 3-11

Figure K.6. Vehicle Vertical Accelerometer Trace for Test No. 469469-11

(Accelerometer Located at Center of Gravity).
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L.2. MASH TEST 3-72 (CRASH TEST NO. 469469-12-01)

L.2.1.  Vehicle Properties and Information

Table L.1. Vehicle Properties for Test No. 469469-12-01.

Vehicle Inventory Number: 1348

Date:  2019-08-27 Test No.: 489469121 VIN No.: KNADE223095461989
Year: 2009 Make: Kia Model: Rio
Tire Inflation Pressure: 32 PS| Odometer: 138064 Tire Size: 185/65R14

Describe any damage to the vehicle prior to test:  None

i o — = i
® Denotes accelerometer location. i ol L i

NOTES:

L
=
=

Engine Type: 4 CYL

Engine CID: 161L

Transmission Type:

v] Aute  or [ ] Manual
vl FwD [] rRwD [] 4wD

Optional Equipment: i

Mone

L

Dummy Data:

Type: h Parcentile M

Mass: 165 Ib e E -— 0=
Seat Position: OPPOSITE IMPACT - i -
Geometry: inches :
A BE.38 F 3300 K 1225 P 442 U 1475
B 51.50 G L 9525 Q 2250 Vos075
C 165.75 H 3531 M 57.75 R 15.50 W 3530
D 34.00 | 7.75 M B7.70 S B.25 X 71.50
E 9875 J 2150 O 27.00 T 8620

Wheel Center Ht Front 11.00 Wheel Center Ht Rear 11 00 W-H _0.00

RAMGE LIMIT: & = 85 23 inches, C = 160 28 inches, E = 98 Sinches; F = 35 2d inchas, H= 38 24 inches, O [Bottam of Hood Lip) = 24 04 inchas

TOPF OF RADIATOR SUPPORT = _2B.25  inches; (M+NV2 = 85 +2 inches; W.H = 2 inches ar use MASH Paragraph Ad.3.2
GVWR Ratings: Mass: |b Curb Test Inertial Gross Static
Front 1718 M 1615 1552 1837
Back 1874 Mesar 912.00 BG4 944.00
Total 3638 Mretal 2527 2416 2581

Adowable TIM = 2420 o 255 I | Mlowable GEM = 2885 1b £ 58 1b

Mass Distribution:

Ib LF: 770 RF: 782 LR: 425 RR: 433
Performed by:  scp Date: 2019-08-27
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Table L.2. Exterior Crush Measurements of Vehicle for Test No. 469469-12-01.

Vehicle Inventory Number: 1348
Date: 2019-08-27  TestNo: 469469-12-1 VIN No.: KNADE223996461999
Year: 2009 Make: Kia Model: Rio

VEHICLE CRUSH MEASUREMENT SHEET!
Complete When Applicable

End Damage Side Damage

Undeformed end width Bowing: BI X1

Corner shift: Al B2 _  x2_
A2

End shift at frame (CDC) Bowing constant
(check one) X1+X2
= 4 inches T -

=4 inches

Mote: Measure Cy to Cy from Driver to Passenger Side in Front or Rear Impacts — Fear to Front in Side Impacts.

[Direct Damage

Specific - - y y . .
: ) ) ) i s 5 i [ Cy +D
lmpact Plane* of width** | Max*s | Field ' : '

Mumber C-Measurements (CDC) Crush L*=

Measurements recorded

[n inches or mm

"Table taken from National Accidemt Sampling System (MASS),

*Identify the plane at which the C-measurements are taken (e.g., al bumper, above bumper, at sill, above sill, at
beltling, 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, ete.
Record the value for each C-measurement and maximum crush.

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

#¥2# 0 easure and document on the vehicle diagram the location of the maximum crush.

Mote: Use as many lines/columns as necessary to describe each damage profile.

Performed by: SCD Date: 2019-08-27
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Table L.3. Occupant Compartment Measurements of Vehicle for Test No. 469469-12-

01.
Vehicle Inventory Number; 1348

Date: 2019-08-27  Test No.: 469469-12-1 VIN No.: KNADE223996461999

Year: 2009 Make: Kia Model: Rio

> OCCUPANT COMPARTMENT
DEFORMATION MEASUREMENT
Before After Differ.
{inches)
A 67.50 67.50 0.00
) A2 67.25 67.25 0.00
A3 67.75 67.75 0.00
B1 40.50 40.50 0.00
B2 39.00 39.00 0.00
B1, B2, B3, B4, B5, B6 B3 40.50 40.50 0.00
qu L\ B4 36.25 36.25 0.00
[ B5 36.00 36.00 0.00
1P bp.ams rL A B6 36.25 36.25 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 9.50 9.50 0.00
D2 0.00 0.00 0.00
/ I \ D3 9.50 9.50 0.00
; a1 B2 B3 g E1 51.50 51.50 0.00
Ej - E2 51.00 51.00 0.00
F 51.00 51.00 0.00
S G 51.00 51.00 0.00
H 37.50 37.50 0.00
I 37.50 37.50 0.00
*Lateral area across the cab from J* +1.00 =1.00 0.00
driver's side kick panel to passenger’s side kick panel.
Performed by:  SCD Date: 2019-08-27
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L.2.2. Sequential Photographs
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Figure L.1. Sequential Photographs for Test No. 469469-12-01 (Oblique and Right Angle
views).
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Figure L.1. Sequential Photographs for Test No. 469469-12-01
(Oblique and Right Angle views) (Continued).
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L.3. MASH TEST 3-72 (CRASH TEST NO. 469469-12-02)

L.3.1. Vehicle Properties and Information

Table L.4. Vehicle Properties for Test No. 469469-12-02.

Vehicle Inventory Number: 1435
Date: 2019-08-20 Test No.: 469469-12-2 WIN No.: 1CERRE6FT2DS712366
Year: 2013 Make: RAM Model: 1500
Tire Size: 26570 R 17 Tire Inflation Pressure: 35 psi
Tread Type: Highway Odometer: 161447
Note any damage to the vehicle prior to test: _None
® Denotes accelerometer location. le W
NOTES: None ! l.'r;' f"“‘*—-.,_.'_: = T
A it | | = ‘I II o]
; oy [ 1 | - "
Engine Type: V-8 rhﬁé | U P l
Engine CID: 4.7 lit - R o
ngine er 1 b —— ‘&\'—1'“___|, ’ , |
Transmission Type: : —TEST INERTIAL € M
Auto or [J Manual yd
FWD [ RWD [ 4wD =1
. . F—mn illl!_/ | II
Optional Equipment: — & = =\
None . e ) gl
] L h |
T II I-'*_n'_' |l’
Dummy Data: ' | ¥
Type: NONE =y
Mass: 0 Ib - —
Seat Position; » E
T M
Geometry: inches L — c
A 78.50 F 40.00 K 20.00 P 3.00
B 74.00 G 28.40 L 30.00 Q 30.50
C 227.50 H 61.83 M 68.50 R 18.00
D 44.00 1 11.75 M 68.00 5 13.00
E 140.50 J 27.00 (9] 46.00 T 77.00
Wheel Center Wheel Well Bottom Frame
Height Front 14.75 Clearance (Front) 6.00 Height - Front 12.50
Wheel Center Wheel Well Bottom Frame
Height Rear 14.75 Clearance (Rear) 9.25 Height - Rear 22.50
RANGE LIMIT: A=78 12 mches; C=237 13 inches; E=148 312 inches; F=3% £3inches; & = = 28 mches; H =631 34 nches; O=43 =4 inches: (M+NY2=ET £1.5 mches
GVWR Ratings: Mass: Ib Curb Test Inerial Gross Static
Front 3700 Meront 2920 2824
Back 3900 Mrear 2102 2220
Total 6700 Moz 5022 5044 0
tAllcwable Range far TIM and GSM = 000 b £110 k)
Mass Distribution:
b LF: 1443 RF: 1381 LR: 1078 RR: 1142
Performed by:  SCD Date: 2019-08-27
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Table L.5. Measurements of Vehicle Vertical CG for Test No. 469469-12-02.

Vehicle Inventory Number: 1435
Date:  2019-08-20 Test No.: 469469-12-2 VIN: 1CBRREFT2DST12366
Year: 2013 Make: RAM Model: 1500
Body Style: Quad Cab Mileage: 161447
Engine: 4.7 liter V-8 Transmission: Automatic
Fuel Level: Empty Ballast: _120 {440 1b max)
Tire Pressure: Front: 35  psi Rear: 35 psi Size: 265/T0 R 17

Measured Vehicle Weights:  (lb)

LF: 1443 RF: 1381 Front Axle: 2824
LR: 1078 RR: 1142 Rear Axle: 2220
Left: 2521 Right: 2523 Total: 5044

5000 £110 b allowed

Wheel Base: 14050 inches  Track: F: 68.50 inches R: 68.00 inches
148 £12 incheas allowed Track = (F+Ry2 = 67 £1.5 inches allowed

Center of Gravity, SAE J874 Suspension Method

X 61.84 inches Rear of Front Axle (63 4 inches allowad)

Y 0.01 inches Left - Right + of Vehicle Centerline
Z 28.40 inches Abhove Ground {minumum 25.0 inches allowed)
Hood Height: 46.00 inches Front Bumper Height: 27.00 inches

43 +4 inches allowed

Front Overhang: 40.00 inches Rear Bumper Height: 30.00  inches
39 +£3 inches allowead
Overall Length: 227.50 inches
237 £13 inches allowed
Performed bv: SCD Date: 2019-08-27
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Table L.6. Exterior Crush Measurements of Vehicle for Test No. 469469-12-02.

Vehicle Inventory Number: 1435
Date: 2019-08-20 Test No.; 469469-12-2 VIN No.: 1CBRREFT2DS712366
Year: 2013 Make: RAM Model: 1500

VEHICLE CRUSH MEASUREMENT SHEET'
Complete When Applicahle

End Damagze Side Damage

Undeformed end width Bowing: B1 X1

Corner shift: Al B> X2
A2

End shift at frame (CT3C) Bowing constant
{check one) Y1+ X2
< 4 inches T B

=4 inches

Mote: Measure C; to Oy from Diriver to Passenger Side in Front or Rear Impacts — Rear to Front in Side Impacts.

Direct Damage

Specific . . - - - - N
Impact Plane* of Width®* Max*=* Freld a 2 L G ¢ G £
MNumber C-Measurements (CDC) Crush L*+

Measurements recorded

im:lm«x or [0 mm

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

*Tdentify the plane at which the Comeasurements are taken (e.g.. at bumper, above bumper, at sill, above sill, at
beltling, ete.) or label adjustments (e.g., free space).

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

**hfeasure and document on the vehicle diagram the beginning or end of the direct damage width and field L {e.z..
side damage with respect to undamaged axle).

*¥**¥Measure 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,

Performed by:  SCD Date: 2019-08-27
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Table L.7. Occupant Compartment Measurements of Vehicle for Test No. 469469-12-

02.
Vehicle Inventory Number: 1435
Date: 2019-08-20  Test No.: 469469-12-2 \/N Nov: 1C6RREFT2DS712366
Year: 2013 Make: RAM Model: 1500
OCCUPANT COMPARTMENT
\ — DEFORMATION MEASUREMENT
'r / Before After Differ.
(inches)
€3 €4 A1 65.00 65.00 0.00
A2 63.00 63.00 0.00
U= A3 65.50 65.50 0.00
B1 45.00 45.00 0.00
B2 38.00 38.00 0.00
B3 45.00 45.00 0.00
B4 39.50 39.50 0.00
B5 43.00 43.00 0.00
B6 39.50 39.50 0.00
C1 26.00 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
a 3 D3 11.50 11.50 0.00
- E1 58.50 58.50 0.00
B4 T3E E2 63.50 63.50 0.00
| Bl E3 63.50 63.50 0.00
E4 63.50 63.50 0.00
D:{ﬁ\: = F 59.00 59.00 0.00
G 59.00 59.00 0.00
H 37.50 37.50 0.00
“Lateral area across the cab from driver's side | 37.50 37.50 0.00
kickpanel to passenger's side kickpanel. o 25 00 26,00 0.00
Performed by: SCD Date: 2019-08-27
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L.3.2. Sequential Photographs

0.000 s
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0.150 s

Figure L.2. Sequential Photographs for Test No. 469469-12-02
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(Oblique and Right Angle views).

0.200 s

0.250 s

0.300 s

0.350 s

Figure L.2. Sequential Photographs for Test No. 469469-12-02
(Oblique and Right Angle views) (Continued).
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L.4.

L.4.1. Vehicle Properties and Information

MASH TEST 3-72 (CRASH TEST NO. 469469-12-03)

Table L.8. Vehicle Properties for Test No. 469469-12-03.

Vehicle Inventory Number: 1435
Date: 2019-08-29 Test No.: 469469-12-3 VIN No.: 1C6RREFT2DS712366
Year: 2013 Make: RAM Model: 1500
Tire Size: 265/T0 R 17 Tire Inflation Pressure: 35 psi
Tread Type: Highway Odometer: 161447

Note any damage to the vehicle prior to test:

® Denoles accelerometer location.

NOTES: None
Engine Type: V-8
Engine CID: 4.7 liter

Transmission Type:

MNone

WHEEL
TR

- T

= !

TR No. 0-6969

Auto or [ Manual diiiine
FWD _[¥] RWD 4WD
Optional Equipment: ]
None T
Dummy Data:
T}rpe; NOMNE
Mass: 0 Ib
Seat Position: » E
T M
Geometry: inches o s e
A 78.50 F 40.00 K 20.00 P 3.00
B 74.00 G 28.40 L 30.00 Q 30.50
[ 227.50 H 61.83 M 68.50 R 18.00
D 44.00 | 11.75 M 68.00 S 13.00
E 140.50 J 27.00 O 46.00 T 77.00
Wheel Center Wheel Well Bottom Frame
Height Front 14.75 Clearance (Frant) 6.00 Height - Front 12.50
Wheel Center Wheel Well Bottom Frame
Height Rear 14.75 Clearance (Rear) 9.25 Height - Rear 22.50

RAKGE LIMIT; 4=T8 £2 inches; C=ZI7 313 inches; E=148 212 inches; F=3% 23 inches; G = = 2B inches; H = &3 24 inches; 0=43 £4 inches: [M+Ny2=67 £1.8inches

GVWR Ratings: Mass: Ib Curb Test Inertial Gross Stalic
Frant 3700 Mecont 2920 2824
Back 3900 Mrear 2102 2220
Total 6700 Mo 5022 5044 0
Allowabie Range far TIM and GSM = 5000 b £110 1)
Mass Distribution:
Ib LF: 1443 RF: 1381 LR: 1078 RR: 1142
Performed by:  SCD Date: 2019-08-29
L-13
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Table L.9. Measurements of Vehicle Vertical CG for Test No. 469469-12-03.

Vehicle Inventory Number: 1435
Date: 2019-08-29 Test No.: 469469-12-3 WIN: 1C6RREFT2DS712366
Year: 2013 Make: RAM Model: 1500
Body Style: Quad Cab Mileage: 161447
Engine: 4.7 liter -8 Transmission: Automatic
Fuel Level: Empty Ballast: 140 {440 |b max)
Tire Pressure: Front: 35 psi Rear: 35 psi Size: 2B5/70R 17
Measured Vehicle Weights: (b}
LF: 1443 RF: 1381 Front Axle: 2824
LR: 1078 RR: 1142 Rear Axle: 2220
Left: 2521 Right: 2523 Total: 5044
SO00 £110 b allowed
Wheel Base:  140.50 inches Track: F: 68.50 inches R: 68.00 inches
148 £12 inches allowed Track = (F+RN¥2 = 67 £1.5 inches allowed
Center of Gravity, SAE J874 Suspension Method
X 61.84 inches Rear of Front Axle (83 +4 inches allowed)
Y 0.01 inches Left - Right + of Vehicle Centerline
Z: 2840 inches Above Ground {minumum 28.0 inches allowed)
Hood Height: 46.00 inches Front Bumper Height: 27.00 inches
43 +4 inchas 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
Performed by:  SCD Date: 2019-08-29
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Table L.10. Exterior Crush Measurements of Vehicle for Test No. 469469-12-03.

Vehicle Inventory Number; 1435
Date- 2019-08-29 Test No.: 469469-12-3 VIN No.: 1CBRRBFT2DS712366
Year: 2013 Make: RAM Model: 1500

VEHICLE CRUSH MEASUREMENT SHEET!
Complete When Applicable

End Damage Side Damage

Undeformed end width Bowing: Bl X1

Corner shift: Al B2 X2 _
A2

End shift at frame (CD(C) Bowing constant
(check one) X+ X2
< 4 inches T -

= 4 inches

Mote: Measure C to Cy from Driver to Passenger Side in Front or Rear Impacts — Rear to Front in Side Impacis.

Dhirect Damage

Specific C o l|lolalalco +D
Trmpact Plane® of Width** | Max*** | Field ' ' ' '
Mumber C-Measuremenis (D Crush L#=*

Measurements recorded

im:hrs or m

'Table taken from Mational Accident Sampling System (MASS),

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

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

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

#EFMeasure and document on the vehicle diagram the location of the maximum crush.

Note: Use as many lines/columns as necessary to describe cach damage profile.

Performed by:  SCD Date: 2019-08-29
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Table L.11. Occupant Compartment Measurements of Vehicle for Test No. 469469-12-

03.
Vehicle Inventory Number: 1435
Date- 2019-08-29 Test No.: 469469-12-3 VIN No.: 1C6RREFT2DST712366
Year: 2013 Make: RAM Model: 1500
OCCUPANT COMPARTMENT
. DEFORMATION MEASUREMENT
f N Before After Differ.
(inches)
B3 E4 Al 65.00 65.00 0.00
A2 63.00 63.00 0.00
U W= A3 65.50 65.50 0.00
B1 45.00 45.00 0.00
B2 38.00 38.00 0.00
B3 45.00 45.00 0.00
B4 39.50 39.50 0.00
B5 43.00 43.00 0.00
B6 39.50 39.50 0.00
C1 26.00 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
B2, E1 58.50 58.50 0.00
L4 E2 63.50 63.50 0.00
— | El-4— E3 63.50 63.50 0.00
E4 63.50 63.50 0.00
== F 59.00 59.00 0.00
e 59.00 59.00 0.00
H 37.50 37.50 0.00
*Lateral area across the cab from driver’s side | 37.50 37.50 0.00
kickpanel to passenger’s side kickpanel, o 26.00 25,00 0.00
Performed by:  SCD Date: 2019-08-29
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L.4.2. Sequential Photographs
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Figure L.3. Sequential Photographs for Test No. 469469-12-03
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(Oblique and Right Angle views).
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Figure L.3. Sequential Photographs for Test No. 469469-12-03
(Oblique and Right Angle views) (Continued).
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L.S. MASH TEST 3-72 (CRASH TEST NO. 469469-12-04)

L.5.1.  Vehicle Properties and Information

Table L.12. Vehicle Properties for Test No. 469469-12-04.

Vehicle Inventory Number:  jaa3
Date: 2019-08-27 Test No.:  460468-12-4 VIN No.: KNADE123976267769
Year: 2007 Make: Kia Model:
Tire Inflation Pressure: 32 PSI Odometer: 119140 Tire Size: 185/65R14
Describe any damage to the vehicle prior to test:  None
i 'y [ i
#® Denotes accelerometer location. i ol i
NOTES: '
AOM | ™ N T
|
N L '
Engine Type: 4 0YL ! = = '
Engine CID: 16L
Transmissicn Type:
Auta  or [ Manual I
FwD [ RWD [ 4wD
Optional Equipment: i B
None
Y T
Dummy Data:
Type: Percentile Mal
Mass: 165 lb - E 0w
Seat Position: OPPOSITE IMPACT - X -
Geometry: inches :
A B6.38 F 3300 K 1225 P 442 §]
B 51.50 G L 25.25 Q 2250 W
C 16575 H a5.02 M 57.75 R 1550 W
D 34.00 | 7.75 N &7.70 S a2s X
E o875 J 2180 O 2700 T s6.20
Wheel Center Ht Front 11.00 Wheel Center Ht Rear 11.00 W-H (.00
FAMGE LIMIT: A= 65 a3 inches, C = 182 28 inches;, E = 08 25 inches, F= 35 o4 inches, H = 39 o4 inches; O (Botiem of Hood Lip) = 24 24 inches
0P OF RADIATOR SUPPORT = 2828  inches; [M+NJ2 = B8 £2 inches: W.H < 2 inches or use MASH Paragraph 54.3,2
GVWR Ratings: Mass: Ib Curb est Inertia Gross Static
Front 1718 Miront 1598 1581 1666
Back 1874 Mirear 855.00 869 943.00
Total 3638 Mraotal 2453 2450 2615
Allowable TIM = 2420 |b 255 b | Allowable GSM = 288810 £ 551
Mass Distribution:
Ib LF: 800 RF: 781 LR: 427 RR: 442
Performed by:  sch Date: 2gig-ga-27
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Table L.13. Exterior Crush Measurements of Vehicle for Test No. 469469-12-04.

Vehicle Inventory Number: 1383
Date: 2019-08-27  Test No.- 469469-12-4 VIN No.- KNADE123976267769
Year: 2007 Make: Kia Model: Rio

VEHICLE CRUSH MEASUREMENT SHEET!
Complete When Applicable

End Damage Side Damage
Undeformed end width Bowing: Bl Xl
Corner shift; Al B2 x2
A2
End shift at frame (CDC) Bowing constant
{check one) X1+ X2
< 4 inches 2 -
=4 inches

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

Direct Damage

Specific . . . . \ ,

L L Cy Cy Uz Cr =
Impact Plane® of Width®* Mlax®=* Fueld ' h ’
Mumber -Measurements FCTHT) Crmizh L**

Measurements recorded

inches or mm

"Table taken from National Accident Sampling System (NASS),

*Identify the plane al which the C-measurements are taken (e.g., al 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,

*=heasure and document on the vehicle diagram the begimning or end of the direct damage width and Leld L (e.g.,
side damage with respect to undamaged axle).

¥R heasure 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.

Performed by: SCD Date: 2019-08-27

TR No. 0-6969 L-20 2020-05-28



Table L.14. Occupant Compartment Measurements of Vehicle for Test No. 469469-12-

04.
Vehicle Inventory Number: 1383
Date: 2019-08-27  Test No.: 469469-12-4 N No.: KNADE 123976267769
Year: 2007 Make: Kia Model: Rio
- & OCCUPANT COMPARTMENT
dl H L DEFORMATION MEASUREMENT
Before After Differ.
{inches)
1l G I A1 67.50 67.50 0.00
Lt J A2 67.25 67.25 0.00
A3 B7.75 B7.75 0.00
B1 40.50 40.50 0.00
B2 39.00 39.00 0.00
B1, B2, B3, B4, BS, B6 B3 40.50 40.50 0.00
fj L\ R4 36.25 36.25 0.00
Pﬁ — B5 36.00 36.00 0.00
(prosps || B6 36.25 36.25 0.00
© 1 o 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 9.50 0.00
YRV E1 51.50 51.50 0.00
Ej e E2 51.00 51.00 0.00
F 51.00 51.00 0.00
- 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.
Performed by: SCP Date: 2019-08-27
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L.5.2. Sequential Photographs
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Figure L.4. Sequential Photographs for Test No. 469469-12-04 (Oblique and Right Angle
views).
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Figure L.4. Sequential Photographs for Test No. 469469-12-04
(Oblique and Right Angle views) (Continued).
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