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Included within this report compilation are four individual reports covering testing performed on
the ET Plus® End Terminal with 4-inch wide guide channel installed with a rail height of 27%
inches. Testing was conducted in accordance with NCHRP Report 350 at Southwest Research
Institute in San Antonio, Texas.

Table 0.1 provides a list of the tests described in this report in the order in which testing was
performed; this is also the order in which the reports are found within this document. Each
individual report is bookmarked in the electronic file to facilitate review, and the electronic
bookmarks are in numerical order by test identification.

Table 0.1: Tests Conducted
TEST ID REPORT 350 TEST TEST DATE TEST VEHICLE IMPACT @
ET27-33 Test 3-33 12/10/2014 2000P 15°
ET27-31 Test 3-31 12/16/2014 0°
ET27-32 Test 3-32 12/17/2014 820C 15°
ET27-30 Test 3-30 1/6/2015 0°

A summary of the performance of the ET Plus End Terminal during the four tests performed in
the ET27 test series is provided in Table 0.2. As reflected in the table, the ET Plus End Terminal
with 4-inch wide guide channel installed with a rail height of 27% inches meets NCHRP Report
350 criteria for Tests 3-30, 3-31, 3-32 and 3-33.
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Table 0.2:

January 23, 2015

Summary of Test Evaluation Results (NCHRP Report 350 Evaluation Criteria) for ET27 Test Series

Evaluation
Factor

Evaluation Criteria

Test Results

ET27-33

ET27-31

ET27-32

ET27-30

Structural
Adequacy

C. Acceptable test article performance may be by
redirection, controlled penetration, or controlled
stopping of the vehicle.

Pass

Pass

Pass

Pass

Occupant
Risk

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

Pass

Pass

Pass

Pass

F. The vehicle should remain upright during and
after collision although moderate roll, pitching and
yawing are acceptable.

Pass

Pass

Pass

Pass

H. Occupant Impact Velocities (OIV) limits:
Preferred = 9 m/s
Maximum = 12 m/s

Pass

Pass

Pass

Pass

I. Occupant Ridedown Acceleration (ORA) limits:
Preferred =15 g
Maximum =20 g

Pass

Pass

Pass

Pass

Vehicle
Trajectory

K. After collision it is preferable that the vehicle’s
trajectory not intrude into adjacent traffic lanes.

See Note!

See Note!

See Note!

See Note'?

N. Vehicle trajectory behind the test article is
acceptable.

Pass

Pass

Pass

Pass

Note®: As stated in Report 350, this criterion is preferable, but not required.

Note?: The design of Test 3-30 of Report 350 will cause the test vehicle to spin-out on the traffic side of the installation when the vehicle is initially
offset towards the traffic side.

ET Plus - ET27 Test Series

Summary of Testing Performed

Page 3 of 3



NCHRP Report 350 Test Report

Full-Scale Crash Evaluation of the
ET Plus® End Terminal with 4-inch Wide Guide Channel
Installed with a Rail Height of 27%4 Inches

Test Level 3, Test 3-33
Test Identification: ET27-33

SwRI® Project No. 18.20887

SwRI Document Number: 18.20887.03.100.FR1
Issue 1

Prepared for:
Trinity Highway Products
2525 Stemmons Freeway

Dallas, TX 75207

January 23, 2015
Authored by: Reviewed and Approved by:
%ZM% "233 ANeA—— / ,”_,,_,( Af {g/
s
Jenny Ferren, Manager Timothy A7Fey, P.E., Director
Mechanical Engineering Division Mechanical Engineering Division

The results of this test report apply only to the specific samples tested. If the manufacturer extends the test results to apply to other samples of the
same model, or from the same lot or batch, the manufacturer should ensure the additional samples are manufactured using identical electrical and
mechanical components. This test report shall not be reproduced, except in full, without written approval of Southwest Research Institute.

Southwest Research Institute® &

6220 Culebra Road e Post Office Drawer 28510
San Antonio, Texas 78228-0510 |ACCREDITED)
TESTING CERT.#1110.02




SwWRI Document Number 18.20887.03.100.FR1, Iss. 1

January 23, 2015

Below is a table documenting the various changes recorded in this report. Each issuance of the
report is clearly marked with the revision number and date of issue.

Table 0.1: Revision Table

Revision Table

ISSUE EXPLANATION PAGE NUMBERS | DATE EFFECTIVE
1 Original report All 1/23/2015
E127-33 Page 2 of 82
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1 INTRODUCTION

The purpose of Crash Test ET27-33 was to evaluate the performance of the Trinity Highway
Products ET Plus End Terminal with 4-inch wide guide channel installed with a rail height of
27%”. To test the performance of this terminal, Test 3-33 was conducted according to National
Cooperative Highway Research Program (NCHRP), Report 350. The total system installation
length for the test was nominally 47.6 m (156°-3”), including the 15.2 m (50 ft) ET Plus terminal
length.

Test 3-33 is intended primarily to evaluate occupant risk and vehicle trajectory criteria. The test
consists of a 2000 kg vehicle approaching the traffic side of the installation at a 15° angle to the
roadway, and impacting the end terminal at 100 km/hr (62.1 mph). The vehicle will impact at
the vehicle's centerline.

Crash Test ET27-33 was conducted on December 10, 2014, at the Crash Test Site at Southwest
Research Institute (SWRI) by SwRI personnel. This report presents information on the test

parameters, a discussion of the test, and an assessment of the test results based on the criteria set
forth in NCHRP Report 350.

ET27-33
Introduction
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2 TEST PARAMETERS

Test Facility

The full-scale crash testing was performed by Southwest Research Institute (SwRI), on the
campus located at the following address:

Southwest Research Institute

6220 Culebra Road

San Antonio, Texas 78238

SwRI is ISO/IEC 17025 accredited by A2LA (American Association for Laboratory
Accreditation) to perform this testing under Testing Laboratory Certificate #1110.02.

Test Article — Design and Construction

The full-scale crash test was performed on the ET Plus End Terminal which included the ET Plus
extruder head with 4-inch wide guide channel and W beam guardrail installed with a rail height
of 27%”. The ET Plus End Terminal installation tested uses standard AASHTO M180 Type 2,
12-gauge, 12°-6” W beam guardrail panels mounted with the top of the rail 27% inches above the
ground, two wooden breakaway posts in foundation sleeves without soil plates at Posts 1 and 2,
and CRT posts at Posts 3 through 8.

During installation, holes approximately 2' in diameter were drilled into the soil and then
backfilled around the posts using "standard soil" as defined by NCHRP Report 350, Section
2.2.1.1. The base material was compacted in 15 cm (6 in) lifts, and was added until the surface
was flush with the surrounding soil.

The guardrail line posts are 6” x 8” wood posts with 6” x 8 wood blockouts. The blockouts are
toenailed, and the guardrail panels are mounted to the posts using 5/8”¢ post bolts beginning
with Post 2; the bolt for Post 2 is 10” long, and all other post bolts are 18” long. The post
spacing is 6°-3”, and each splice joint used eight (8) 5/8”¢ x 1-1/4” splice bolts and nuts; the
splice bolts have a nominal total length of 1-5/8” including the bolt head. The installation uses
3/4”¢ x 10” bolts through the soil tube, post, and strut at Post 1 and Post 2. An anchor cable is
also installed at Post 1. The installation has guardrail splices at each odd-numbered post starting
with Post 3.

The total system installation length for the test was nominally 156°-3” (47.6 m), including the 50
ft (15.2 m) ET Plus terminal length, 81°-3” (24.8 m) of guardrail, and a 25’ (7.6 m) downstream
terminal anchor section that included a turndown guardrail anchor spliced at Post 22 and
mounted to a concrete footing. Detailed drawings of the test article provided by Trinity Highway
Products are provided in Appendix A.

The ET Plus end terminal extruder head was one of eight production samples CalTrans
(California DOT) pulled from their inventory for testing at SWRI. The heads were inspected by
CalTrans, FHWA, and Trinity Highway Products personnel at the CalTrans yard, and were
stamped with identifiers “Kit #1” through “Kit #8”. SwRI arranged for shipment of the heads to

ET27-33
Test Parameters
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the test site in San Antonio, and the heads remained in controlled storage until they were
installed for testing. The dimensions of the specific ET Plus end terminal extruder head used for
Test ET27-33 are provided in Table 2.1 below; dimensions measured with a tape measure are
listed in fractional inches, and dimensions measured with a digital caliper are listed as decimals.
Copies of the datasheets reviewed by representatives from the FHWA, US DOT and various
state Departments of Transportation (DOT) prior to testing are located in Appendix B.

The performance goal for the ET Plus is to achieve controlled vehicle deceleration in compliance
with NCHRP Report 350 criteria for post-impact vehicle trajectory and occupant risk. Figure 2.1

through Figure 2.18 present photographs of the guardrail installation.

Table 2.1: Key ET Plus Head Dimensions

Extruder Head Stamp ID 1
Exit Gap 1.3260”
Entrance Gap 4.7790”
Guide Chute Exit Height 15”
Guide Chute Entrance Height 14-1/2”
Channel Width (see Figure 2.2) 4.0325”

Figure 2.1: ET Plus Head Sample Identification Number

ET27-33
Test Parameters
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Figure 2.3: Test Installation for ET Plus Test ET27-33

Figure 2.4: ET Plus End Terminal

ET27-33
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| Figure 2.8: ET Plus Hed and Anchor Cable Assembly

ET27-33
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Figure 2.10: End Terminal Cable Anchor

ET27-33
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Figure 2.11:  First Guardrail Panel Splice Joint — Traffic Side (Splice Bolts Painted for Visibility
in Video)

Figure 2.12: First Guardrail Panel Splice Joint — Back Side (Nuts Painted for Visibility in Video)

ET27-33
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Figure 2.13:  ET Plus Head and Post 1 — Traffic Side

™

Fiure 2.14: ET Plus Head and Posl — Close-up

ET27-33
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Figure 2.15:  End Terminal Head with Posts 1 & 2 and Strut

- s

ET Plus Head Extruder Exit (see Appendix B for Dimensions)

ET27-33
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Figure 2.17:  Post 22 Immediately Preceding Downstream Turndown Anchor

Figure 2.18:  Downstream Turndown Anchor

ET27-33
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Test Vehicle

The test vehicle was a 1995 Chevrolet C2500 pickup truck, shown in Figure 2.19; the vehicle
data sheet is provided in Appendix B. Figure 2.20 and Figure 2.21 show the relationship
between the height of the vehicle bumper and the end terminal. Figure 2.22 shows the test
vehicle positioned at the impact point of the end terminal, and Figure 2.23 shows an overhead
view of the test vehicle positioned at the intended crash angle of 15° and at the vehicle’s
centerline. Figure 2.24 shows the ballast weight that was added to the vehicle, bolted to the bed
of the pickup near the cab.

The test inertial mass of the vehicle, including 100 kg (220.5 1bs) of added ballast weight, was
1974 kg (4,352 Ibs) as reflected in Table 4.2.

Figure 2.19:  Test Vehicle for Test ET27-33

ET27-33
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Figure 2.22: Test Vehicle Iact Tractory

ET27-33
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Figure 2.23:  Test Vehicle Impact Trajectory — Overhead View

Figure 2.24:  Test Vehicle Ballast

ET27-33
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Test Vehicle Guidance

The test vehicle was towed into the end terminal using two tow vehicles and a series of pulleys
and sheaves. A steel cable was attached to a quick-release pin under the front of the vehicle and
was passed around a sheave and secured to the rear of the first tow vehicle. The first tow vehicle
was equipped with an adjustable ignition restrictor that attenuated the tow vehicle’s engine RPM
when a pre-set speed was attained; this vehicle was connected with a steel cable to a second tow
vehicle. The test vehicle was guided by means of a taught steel cable attached to a sliding shoe
which was attached to the front spindle of the test vehicle shown in Figure 2.25. Just prior to
impact, the sliding shoe and tow cable were stripped from the vehicle allowing the test vehicle to
free wheel into the end terminal.

Figure 2.25:  Test Vehicle Steering Guidance Assembly

Test Vehicle Data Acquisition

The data acquisition consisted of recording the acceleration and angular velocities of the test
vehicle. The measurement of these two parameters allows SwRI engineers to perform an
occupant risk evaluation. The device used to record the vehicle acceleration and angular
velocities was a six (6) degree-of-freedom Instrumented Sensor Technology Electronic Data
Recorder, henceforth referred to as the EDR-4.

The EDR-4 recorder unit is a compact package used for stand-alone recording of shock and
vibration, and is able to record six channels of data. The three acceleration channels were
recorded from a built-in triaxial accelerometer used to record the test vehicle’s accelerations in
three orthogonal directions (X, y, and z). The three angular velocity channels were recorded from
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built-in rate gyro transducers used to record the test vehicle’s angular velocities in three
orthogonal directions (roll, pitch, and yaw).

The data acquisition package was rigidly attached to the test vehicle. A metal bracket was
welded onto the test vehicle’s body. This bracket was attached inside the passenger
compartment of the vehicle, as close as possible to the vehicle’s center of gravity, without
significantly modifying the vehicle’s interior components (i.e., center console, bench seats). The
data acquisition package was then bolted to the metal bracket as shown in Figure 2.26 and Figure
2.27. Because of the configuration of the EDR-4 as manufactured, the orientation of the data
acquisition package within the vehicle matches the general axis designation given in Figure 4.6
of NCHRP Report 350, but the signs for the Y and Z axes had to be reversed during post-test
processing to comply with the NCHRP and TRAP sign convention.

Figure 2.26: EDR Mounted in Test Vehicle for Test ET27-33
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OKEMOS Ml USA
MODEL EDR-4

Figure 2. 27 Close-up of EDR Mounted in Vehicle

The sign convention used for data processing is as follows:

Table 2.2: Sign Convention for Vehicle Motion

X: Positive in the normal forward motion direction
Y: Positive toward the right
Z: Positive vertically downward

ROLL: | Positive using right hand rule about +X direction
PITCH: | Positive using right hand rule about +Y direction
YAW: | Positive using right hand rule about +Z direction

The EDR-4 data recorder unit was configured with a sample rate of 2944 samples per second
(per channel), and with a low pass filter setting of 300 Hz. After the data had been downloaded
from the data acquisition package, the data was processed using Test Risk Assessment Program
(TRAP) Version 2.3.11, (Texas A&M Transportation Institute and Capsher Technology, Inc.).
The TRAP program was designed to determine the effectiveness of a roadside safety feature by
analyzing data from a vehicle crash test of the feature and calculating standardized occupant risk
factors. TRAP calculates occupant risk factors in accordance with the NCHRP Report 350
guidelines.

ET27-33
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Soil Conditions

The soil complied with the NCHRP Report 350 “Standard Soil” as described in the Test Article —
Design and Construction section of this report. The day of testing, soil moisture content was
measured by a certified environmental engineering firm. The maximum moisture content
measured was 7.7% measured 10’ from the installation. There was no rainfall between when the
moisture reading was taken and when the testing was conducted. Detailed results of the soil
testing and moisture content evaluation are provided in Appendix E.

Calibrated Test Equipment

Test equipment used to perform the tests and acquire data during this testing program is listed in
the table below.

Table 2.3: Equipment Used During Testing
Description Manufacturer Model Asset No. Due Date'
Data Recorder IST EDR-4-6DOF-200 S/N 40048 2/5/15
Wheel Scales Longacre 72634 015238 11/5/15
Measuring Tape Stanley 33-725 015324 11/7/15
Caliper Starrett 721 020504 3/18/15
Speed Trap DAQ NI USB-6008 S/N 14D4376 8/27/15

"Unless otherwise specified, all equipment is calibrated or verified on an annual basis.

Test Observers
Representatives from the following organizations were among those present at the SWRI Crash
Test Site and observed Test ET27-33 on December 10, 2014:
e Federal Highway Administration (FHWA)
US DOT
CalTrans (California DOT)
Florida DOT
Virginia DOT
Texas DOT (AASHTO Representative)

Observers from FHWA, US DOT and AASHTO were permitted to visually inspect and measure
the ET Plus installation before and after the test. All other observers were allowed to visually
inspect the system the following day.
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3 TEST CONDITIONS AND RESULTS

Test Description

The purpose of Test ET27-33 was to evaluate the performance of Trinity Highway Products ET
Plus End Terminal with 4-inch wide guide channel installed with a rail height of 27%4”. To test
the performance of this terminal, Test 3-33 was conducted according to NCHRP Report 350. The
test installation length for the test was 156°-3” (47.6 m), and the terminal length was 15.2 m (50
ft).

Test 3-33 is intended primarily to evaluate occupant risk and vehicle trajectory criteria. The test
consists of a 2000 kg vehicle approaching the traffic side of the installation at a 15° angle to the
roadway, and impacting the end terminal at 100 km/hr (62.1 mph). The vehicle will impact at
the vehicle's centerline. The test configuration is shown in Figure 3.1, which is from Figure 3.2
of NCHRP Report 350.

TERMINAL OR CRASH CUSHION LENGTH

- NORMAL DIRECTION

OF TRAFFIC
@ = 15 DEG.
OFFSET = 0
JEST NOs. 32 AND 33

Figure 3.1: Impact Configuration [from Figure 3.2 of NCHRP Report 350]

The weather on the day of the test was mostly sunny, with temperatures ranging from 51-68°F.
The temperature at the time of the test was approximately 68°F. The soil was dry as discussed in
the Soil Conditions section of this report.
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Impact Description/Vehicle Behavior

Figure 3.2 is an overhead photograph showing the post-test condition and location of the test
article and test vehicle. Figure 3.3 through Figure 3.5 show that the test vehicle impacted the end
terminal at a nominal 15° angle. The impact velocity of the test as measured by SwRI's speed
trap system and verified by high-speed film analysis was determined to be 103.3 km/hr (64.2
mph). As a result of the test, the ET Plus extruder head moved 5.8 m (19.1 ft) longitudinally
(downstream) and 0.4 m (1.5 ft) laterally as measured from its as-installed position. The total
system deformation (i.e. longitudinal distance to closest point) measured after the impact was
4.23 m (13.9 ft) from the initial point of contact.

Immediately prior to the initial impact event, the steel rod used to support the steering cable
mechanism on the test vehicle was knocked-off the vehicle as-designed. As the rod spun through
the air, it impacted the test vehicle and created a tear in the door skin at the lower rear area of the
passenger side door; this damage was unrelated to the test article and will not be used to judge
performance of the ET Plus.

After the initial impact event, the ET Plus extruder head stroked along the guardrail, extruding
approximately 3 feet of guardrail. Before the guide channel entrance end of the head reached
Post 2 the head began to rotate, following the angled path of the vehicle; this rotation caused a
fold to form in the W beam at Post 2. As the vehicle continued its angled trajectory, the channel
guide portion of the ET Plus extruder head was pushed further downstream on the W beam over
the fold that had formed at Post 2. As the vehicle continued forward the head continued to
rotate, allowing the vehicle to pass (or gate) through to the non-traffic side of the system. The
ET Plus extruder head ended up roughly parallel to the guardrail and facing in the downstream
direction.

As the vehicle passed by the gated ET Plus extruder head, the corner of the folded W beam
scraped the driver’s side just past the front wheel well creating a tear approximately 9” long in
the quarter panel and door surface; there was no intrusion or potential for intrusion of the test
article into the occupant compartment based on the position of the guardrail relative to the
vehicle trajectory when the damage occurred.

During the impact event, the ET Plus extruder head directly contacted and sheared-off Posts 1
and 2. At the end of the ET Plus extruder head rotation, the head impacted Post 3, shearing it at
the ground and dislodging the first splice from the post. The impact pulled the guardrail panel
off of Post 4, but the second splice remained attached at Post 5. Though Posts 4 and 5 appeared
undamaged, there was slight movement between the post and blockout at Posts 4 and 5 due to
relative longitudinal motion of the guardrail panel. All posts and blockouts downstream of Post
5 appeared undamaged, and no appreciable movement of the downstream turndown anchor was
observed. Additionally, the anchor cable at Post 1 broke free of the installation and came to rest
tangent to Post 7. There was no penetration of the vehicle by the test article, and there was no
deformation of the occupant compartment resulting from the test. Debris thrown from the
installation as a result of the impact included pieces of posts and blockouts from the first three
posts; the majority of the debris fell to the non-traffic side of the guardrail. There was no
significant deformation of the 4” guide channels as a result of the impact, and they remained
attached to the impact head.
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As the vehicle continued to travel along the non-traffic side of the guardrail, the test vehicle
brakes were remotely actuated in accordance with normal laboratory practice. The vehicle
torqued slightly to the left when the brakes were applied, and then hit a small soil berm causing
the vehicle to hop and rendering the brakes ineffective. The vehicle continued outside of the
cleared runout area, finally coming to rest after impacting a tree nearly head-on; this secondary
impact caused significant damage to the test vehicle that was unrelated to the test article and will
not be used to judge performance of the ET Plus. The vehicle was not operable after the test.

The test vehicle experienced a maximum 50 millisecond moving average acceleration of -6.1¢g in
the longitudinal direction, 2.3g in the lateral direction, and -2.7g in the vertical direction. The
impact velocities and ridedown accelerations were below the preferred limits and well below the
maximum limits listed in NCHRP Report 350.
e Occupant risk impact velocities were 4.5 m/s in the longitudinal direction, and -1.5 m/s in
the lateral direction.
e Occupant risk ridedown accelerations were -7.6g in the longitudinal direction, and 4.6g in
the lateral direction.

The following sections provide photographs of the post-impact condition of the test article as
well as the vehicle. Table 4.2 presents a summary of the onboard data, and plots of the
accelerometer and angular velocity transducers are provided in Appendix D.

ET27-33

Test Conditions and Results Page 28 of 82




SwWRI Document Number 18.20887.03.100.FR1, Iss. 1 January 23, 2015

Figure 3.2: Post-Impact Condition of the Test Article and Vehicle
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Impact Severity

NCHRP Report 350 states that the recommended impact severity for Test Level 3, Test 3-33 is
771.7 kJ, with a suggested tolerance of -60.4/+62.9 kJ. The actual impact severity of test ET27-
33 was 813.0 kJ, a deviation of +41.3 kJ from the nominal impact severity recommended in
NCHRP Report 350. Note that for Test 3-33, Sin 0 is set to 1 in accordance with Section 3.3.1 of
Report 350.

Impact Severity = 14-M-(V-Sin 0)°
=14M-V?
=0.5-(1974 kg)-(28.7 m/s)’
=813.0kJ

The equivalent impact speed of a 2000 kg vehicle impacting the end terminal at 15 degrees
would be 102.6 km/hr (63.8 mph).
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Time = 0.000 seconds (Impact) Time = 0.050 seconds Time = 0.100 seconds

Time = 0.350 seconds Time = 0.400 seconds
Figure 3.3: Sequential Photographs, as Viewed from Overhead

ET27-33

Test Conditions and Results Page 31 of 82




January 23, 2015

SWRI Document Number 18.20887.03.100.FR1, Iss. 1

Q‘I\

.—_:..lr =
EXT e ..;3'*9-‘_‘- .r’

= o o e
. ._Th.-
A -.—,““ﬁ o
2 r‘r"k"‘?h-.l- .n’

Time = 0.400 seconds
Figure 3.4: Sequential Photographs, as Viewed from Downstream
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Time = 0.350 seconds Time = 0.400 seconds
Figure 3.5: Sequential Photographs, as Viewed from Traffic Side of the End Terminal
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End Terminal Damage

Figure 3.6: Post Test — Overhead View

Figure 3.7: Post Test — Overhead View Close-up
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Figure 3.8: Post Test — Side View

Figure 3.9: Post Test — Right Vehicle Track (Orange Paint)
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Figure 3.10:  Post Test — Debris Field on Non-Traffic Side
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Figure 3.11:  Post Test — Foundation Sleeve at Post 1

Figure 3.12: Pos Test — Foundation Sleeve at Post 2
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Figure 3.13:  Post Test — First Splice at Post 3 (Splice Bolts Painted for Visibility in Video)

Figure 3.14: Post Test— Post 4

ET27-33

Test Conditions and Results — End Terminal Page 38 of 82




SwWRI Document Number 18.20887.03.100.FR1, Iss. 1 January 23, 2015
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igr 3.15: 'Ps Test — View of Post 4 from Non-Thaic Side

Figure 3.16:  Post Test — Side View of Post 4
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Figure 3.17:  Post-Test — Traffic Side View of Splice at Post 5

Figure 3.18:  Post Test — Top View of Post 5
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Figure 3.19:  Post Test — Downstream View of Post 5

Figure 3.20:  Post Test — Gated Guardrail
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Figure 3.21:  Post Test — Gated Guardrail Extruder Head

Figure 3.22:  Post Test — First Splice at Post 3 from Non-Traffic Side
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Figure 3.23:  Post Test — Extruded W beam

Figure 3.24:  Post Test — Overhead View
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Figure 3.25:  Post Test — Gating Past Extruder Head

Figure 3.26:  Post Test — ET Plus Head Guide Chute Entrance
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Fire 3.27:  Post Test — Side View of Guide Chute Entrance

A RN R N SR e
Figure 3.28:  Post Test — Extruded Tail of W beam
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Figure 3.30: Post Test— ET Plus Head Impact Plate
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' Pt Tes — ET Plus Head, Traffic Side

Figure 3.32:  Post Test — ET Plus Head Guide Chute Exit, Traffic Side
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Figure 3.34:  Post Test — ET Plus Head, Non-Traffic Side
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Figure 3.35:  Post Test — ET Plus Head Guide Channel, Non-Traffic Side
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Figure 3.37:  Post-Test Location of Anchor Cable
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Vehicle Damage

Figure 3.39:  Approximate Point VVehicle Brakes Applied Post-Impact
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Post-Impact Path of Right Tire (Orange Paint)

Figure 3.40:
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‘Figure 3.44:  Front End of Vehicle Following ET Plus Impact
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Figure 3.45:  Left Side of Vehicle Following ET Plus Impact

&

Left Side Damage (Note: Hood Damage/Bent Frame Due to Impact with Tree)
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Figure 3.48:  Left Side Damage Caused by eam
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Figure 3.54:  Post-Test — Driver Side Floorboard
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Figure 3.55:  Post-Test — Passenger Side Floorboard
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4 ASSESSMENT OF TEST RESULTS

A comparison of the test results of Test ET27-33 against the evaluation criteria set forth in NCHRP Report 350 for Test 3-33 is provided
in Table 4.1. A summary of the test results is provided in Table 4.2.

Table 4.1: Summary of Test Evaluation Results (NCHRP Report 350 Evaluation Criteria) for Test ET27-33
Evaluation Evaluation Criteria Crash Test Result Result
Factor
C. Acceptable test article performance may be by Vehicle was decelerated in a controlled
Structural L . )
Adequacy redlre-ctlon, control!ed penetration, or controlled manner and gat-ed through the system in a Pass
stopping of the vehicle. controlled fashion.
D. Detached elements, fragments or other debris No penetration or potential penetration of
from the test article should not penetrate or show the occupant compartment or undue hazard
potential for penetrating the occupant compartment, | presented by test article debris. See photos Pass
or present an undue hazard to other traffic, for post-test location of debris.
pedestrians, or personnel.
F. The vehicle should remain upright during and Vehicle remained stable and upright during
Occupant after collision although moderate roll, pitching and | and after the collision. Pass
Risk yawing are acceptable.
H. Occupant Impact Velocities (OIV) limits: Occupant impact velocities:
Preferred =9 m/s Longitudinal: 4.5 m/s Pass
Maximum = 12 m/s Lateral: -1.5 m/s
I. Occupant Ridedown Acceleration (ORA) limits: | Occupant Ridedown Accelerations:
Preferred=15¢g Longitudinal: -7.6 g Pass
Maximum =20 g Lateral: 4.6 g
K. After collision it is preferable that the vehicle’s | See photos; vehicle path post-impact was See Note!
Vehicle trajectory not intrude into adjacent traffic lanes. on non-traffic side of the guardrail.
Trajectory | N. Vehicle trajectory behind the test article is See photos; vehicle path post-impact was
. . Pass
acceptable. on non-traffic side of the guardrail.
Note': As stated in Report 350, this criterion is preferable, but not required.
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General Information Impact Conditions Extruder Head Position from Start
Test Agency | Southwest Research Institute Speed (km/hr) | 103.3 Longitudinal | 5.8 m (19.1 ft)
Test Number | ET27-33 Angle (degrees) | 14.9 Lateral | 0.4 m (1.5 ft)
Test Date | 12/10/2015 Exit Conditions Total System Deformation (Closest Point)
Test Category | 3-33 Speed (km/hr) | 81.0 Longitudinal | 4.23 m (13.9 ft)
Test Article Angle (degrees) | 20.7 Post Impact Vehicular Behavior
Type | End Terminal Max Vehicle Rotation (degrees)
Terminal Length | 15.24 m (50 ft) Occupant Risk Values Max. Roll | 3.4 @ 0.3757 sec.
Installation Length | 47.6 m (156.25 ft) Impact Velocity (m/s) Max. Pitch | -3.6 @ 0.8227 sec.
Nom. Barrier Height | 705 mm (27.75 in) x-direction | 4.5 Max. Yaw | 8.4 @ 0.7948 sec.
Type of Primary Barrier | W beam guardrail y-direction | -1.5 Max 50ms Moving Average Accelerations (g)
Soil Stable, Dry - “Standard” Soil Ridedown Accelerations (g) x-direction | -6.1 @ 0.2250-0.2750 sec.
Test Vehicle x-direction | -7.6 y-direction | 2.3 @ 0.3571-0.4071 sec.
Type | % ton pickup truck y-direction | 4.6 z-direction | -2.7 @ 0.2967-0.3467 sec.
Designation | 2000P Target Conditions
Model | 1995 GMC C2500 Nominal Speed 100 km/hr (62.1 mph)
Curb Mass (kg) | 1874 as-received Nominal Angle 0°
Ballast Mass (kg) | 100 Tolerances
Test Inertial Mass (kg) | 1974 Nominal Speed +4 km/hr
Dummy Mass (kg) | 0 Nominal Angle +1.5°
Gross Static Mass (kg) | 1974
ET27-33
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3) CONCLUSIONS

The performance of the ET Plus during Test ET27-33 against Structural Adequacy, Occupant
Risk, and Vehicle Trajectory criteria specified in NCHRP Report 350 was as-follows:

Structural Adequacy

e The vehicle was decelerated in a controlled manner and gated through the system in a
controlled fashion.

Occupant Risk

e There was no penetration of the vehicle by the test article, and no deformation of the
occupant compartment resulting from the test.

e There was no undue hazard presented by test article debris outside of the immediate
impact zone; the only debris thrown from the installation included pieces of posts and
blockouts, the majority of which fell to the non-traffic side of the guardrail.

e The vehicle remained upright during and following the impact.

e The test article provided for controlled deceleration with impact velocity and
ridedown acceleration values within allowable limits.

Vehicle Trajectory
e The vehicle was decelerated in a controlled manner, gated through the system in a
controlled fashion, and came to a stop on the non-traffic side of the installation.

Based on the information provided in this report, the ET Plus End Terminal with 4-inch wide
guide channel installed with a rail height of 27%4” meets the Test Level 3, Test 3-33 criteria for
NCHRP Report 350.

ET27-33
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Appendix A: Test Article Drawings
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Provide 4 aodditional 3/4 hnles——‘h——\
in end of terminal rall section Terminal dancher sections dare only for downstream use, when

8 ~ 5/8% 2" hex bolts with nut located outside the horizental clearance area of opposing traffic.
and 1 3/4"x 3"« 3/16" plate washer.

RMINA] ANCHOR P

Top of S—
Finished
Terminal Motes |
Grade 4" E Anchor Fost Mo constructlon joint Is allowed EXHIBIT B — SHEET 3
\\ Mo, W In the econerete anchor,
w M i Terminal rall maoy be bolted to
: é 5 ;B HSPID'OF?.LL“ post and in twist position prior METAL BEAM GUARD FEN CE
' L B E o 13_"5“;:" to placing concrete anchor,
" - &= =
| %‘-‘6 < by 5'— 0 " If concrete anchor Is precast, ET PLUS {58334} 2014 TESTING
% th hould b ted
it » Deen Anchr s ditectod by the Enincer, TERMINAL ANCHOR SECTION (TAS)
- when placed in the fleld.
P 650 “’I — REF: TxDOT, MBGF—11.DGN
| - " .
Mote: This anchor post requires four additional 3/4" holes 1 I Ao SEAM-TASEM-AH gy [oe Snyder [9e - [oa— Je—
{shop or field) in the rail member with eight 5/8" hex I'ID,-’;I:m-l s mI ) I AT
bolts with nut and plate wosher, TERMINAL CONCRETE ANCHOR OPTIONS = T
I

ET27-33

Appendix A — Test Article Drawings Page 68 of 82




SwWRI Document Number 18.20887.03.100.FR1, Iss. 1 January 23, 2015

Appendix B: SWRI Data Sheets for Test ET27-33

ET27-33

Appendix B — SWRI Data Sheets Page 69 of 82




SwWRI Document Number 18.20887.03.100.FR1, Iss. 1 January 23, 2015

EXHIBIT D=1: Installation Checldist

Test Number:  ETaT-3% Test Date: 1318504
*Record the following im et bead dimensicns: I
[Mmension *Fre-Test
Ll EbiiFE mieALs
‘h‘— El.ilﬂl-l" [—:id:":- inmdch fdﬂ" tﬂ W |,|lrr
S “Ensance Gap [middle - cussde) d 190"
= Guide Chine Exic Heighi (ouiside) TS ii II‘||.-" | Arpae
‘g.; Guide Chore Entrance Hesght (catzide) ) | .I""L‘.i_“ ._.n"r | C—
’- Chanse] Wids [orat=idr) g 235" { 1
5 QR Y —————— THeedsT  of5eE-
P rolis”e o.3818" ]
Emu..hﬁu.mcmmlumh 3,5 ¥ P‘r o wedfiBE
Dhnside Guide Channel Length - Chine 1o stan of swedge g:_;l |l||l'
IHmlhn,pJ-. e 5;! /

a. Clsardradl beight ag measured froen the ground o the top of the guardrail 8t mid-span for

ik first ight spans: q T
Between post 1 and 2.31 ¥ inches J Berween post $ and &: 57 é inches

.

k. Hetween past 2 and 3: imches Between post 6 and 7:37Y inches

¢, Between post 3 apd 4: imches Berween post Tand 8: 38 inches

d. Between past 4 and 517§ inches Between post B and 9: 3% inches

o, (ETZ7 serves: all beights to be prearer than or squal te 27-347 and less than T8-
147

£ (ET31 series: all beights to be greater than 30-1/2" and less than 31-1/27)

h. Distance fram the ground o the bottam of the impact face: ¥ irrches, u‘r

¢ Distamce from e ground o cthe o of the impact face: 38 inzhes,
d, Soil in the area around impact area and manoid acéa 18 sencath and flag MO (elecle
one).
e Backhll around the posts has been mmmm@ B0 {circle ope). s
f Drisiance from the ground to the top of the first foundntion fube; 255 inches
[Miuzl be 4 inches ar less),
g Distance from the ground to the top of the second foundation be: 2 Y2 inches 1’(
(Mgl be 4 mches ar Jess),
k. Baolis at the top of the foundation tubes at posts one and two are not overtightened amd the
walls of the steel tube are not eallapsed or deformed: ESY NO (circle one)
i. The ET-PLUS extruder head is pushed as far as o will go oo the guardrail panel. The
guardrail extends into the extruder 3 E:; inzhes

HIGHLY CONFIDENTIAL

2
w]hﬂl
o G
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3. The two bolis (top and botiom) bolding the extroder head to post one are snug and the
exineder channgl 18 approximalely parallel 1 the finished grade (i.e., k=vell: M
[circle one),

k. The cable anchir ket 15 bocked inlo place by pallng the bracket toward the impack
end of the unit; MO (circle one). Make sure the hooks'luga are well seated into the
square boles on the guardrail.

. The hex uts on the cable ends are tightened such that the cable is su YES* NO (cirche
onel. The cable is aut when it does not deflect more than 1 mch when hand pressure is
applied perpendicular to the mid-span of the cable,

m. The bear i is placed on the impsct side of pozt 1 where the cable extends through
the pos MO {circle ons).

0. The cable bearing plate is one with the long dimensions fussed up (from wap of plate
o center of cable hole = 5" YESAWNO (circle ane),

o Wood blockouts have been toe-mailed 1o the mmi@ MO [eircks one).

p- The CET post lop hole 15 located with the center of the hole approximately at ihe g,mund
line (=1 0 (eircle ome)

q. The guardrail panels are Eapped correctly’ YES) N (cincle one).

Complated by {ﬁﬁu;k ;{AM..__ ”.r:t,r"':-:,":lmkf
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SOUTHWEST RESEARCH INSTITUTE"

BER0 CULERA FOAD FAZ3R-516E + F.O. DAAWER 25600 TEZ2A-0610 + SAN ANTONIO. TEXAS, USA + {210) 884-6F11 » WWW.EWRLORG

Refer to: 18.20887
January 15, 2015

TRINITY HIGHWAY PRODUCTS LLC
2525 Stemmons Freeway
Drallas, Texas 75207

Subject: Proposal and Fixed-Price Contract for Services No. 18-73314
SwWRIH Project No. 18.20887

To Whom It May Concern:
Southwest Rescarch Institute hereby attests to the following:

*  SwRI is listed on FITWA’s roster of laboratories suitable for performing NCHRP Report
350 and MASH crash tests.

+ SwRI is currently ISO 17025 accredited by A2LA to perform NCHRP Report 350 and
MASH crash tests (Testing Lahoratory Certificate 1110.02).

s SwRI has not previously conducted crash testing ot the ET-Plus End Terminal system.

& SwRI does not own intellectual property and does not receive royalty-related revenue
associated with any of the roadside safety hardware involved in this test program or any
guardrail terminal products competing with the ET-Plus End Terminal systeimn.

+ SwRI is financially independent from Trnity Highway Products and the Texas
Transportation Institute (TTI) at Texas A&M University.

I, R. B. Kalmbach, Executive Director of Contracts, certify on behalf of Southwest Research
Institute that the above representations are current, accurate and complete as of the date of this

letter.

Should vou have any questions, please contact Ms. Mary Lepel at 210/522-3026, by facsimile at

210/522-3559, or email marv.lepel@swriorg.
Sm%mﬂm/

E. B. Kalmbach
Executive Director, Contracts

REK/MEKLms
cc: 1, Ferren, SwRI1 (via email)

% Bemuliting governmanl, indeslry mod (e pubilis throwgh inngwative solenco and tochnology
"
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Appendix D: Test Data Plots
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Longitudinal Acceleration (G)

Lateral Acceleration (G)

X Acceleration at CG

January 23, 2015

Test Number: ET27-33

Test Article: ET27 stamp "1"

Test Vehicle® Silver 2000P 1995 GMC C2500
Inertial Mass: 4352 Ibm

Gross Mass: 4352 Ibm

Impact Speed: 64.2 mph

Impact Angle: 14.9 degrees
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Test Number: ET27-33

Test Article: ET27 stamp "1"

Test Vehicle: Silver 2000P 1995 GMC C2500
Inertial Mass: 4352 Ibm

Gross Mass: 4352 Ibm

Impact Speed: 64.2 mph

Impact Angle: 14.9 degrees
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Z Acceleration at CG

Test Number: ET27-33

10 Test Article: ET27 stamp "1"

Test Vehicle: Silver 2000P 1995 GMC C2500
Inertial Mass: 4352 Ibm

Gross Mass™ 4352 Ibm

Impact Speed: 64.2 mph

,\ A h Impact Angle: 14.9 degrees
1 n A AHHM | [N (Y N P

’VV VYTV UV\[VWWVU A A A T T —

Vertical Acceleration (G)
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-]

-10
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Roll, Pitch and Yaw Rates
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LABORATORY COMPACTION CHARACTERISTICS OF SOIL REPORT

LABORATORY COMPAG Terracon

Service Date:  12/03/14 6911 Blanco Road
Report Date: 121014 San Antonie, TX 78216-6164
210-641-2117 RegNo:F-3272
Client Project
Southwest Research Institute Southwest Research Institute-Moisture Testing
Atin: Jenny Ferren 6220 Culebra Rd
6220 Culebra Foad San Antonio, TX

San Antonio, TX 78228
Project Number 90141414

Material Information Sample Information
Source of Material: Project Site Sample Date: 1210314
Proposed Use: Fill Sampled By: Benjamin Butler

Sample Location: Project Site

Sample Description: Cmshed Limestone

Laboratory Test Data Result Specifications
Test Procedure: ASTM D698 Licpid T drmit: 2
Test Method: Method C Plastic Limit: 13
Sample Preparation: Wet Plasticity Index: 9
Rammer Type: Mechanical In-Place Moisture (%0):
USCS:
O‘Hm'ig;;ﬁdes (%0): éqéj Zero AirVioids Curvefor Assumed Specific
Moisture : 4 Gravity 2.70
Sieve for Oversize Fraction: 3/4 = Ez
g 131 /a-l'-\.. \:\\
Assumed Bulk Specific Gravity : = A N
of Oversized Particles: 7 i = _rf \'\
Corrected for Oversized Particles (ASTM D4718) = =
Maxitmun Dry Unit Weight (pcf):  131.4 5 = S <
Optimum Water Content (%0): 9.1 E o= i
Il ]j? ] = E 8 7 i3 9 10 ol 2 12 14
Maxirmmm Dry Unit Weight (pef): 126.6 Water Cantent (%]
i Water Content (%0): 10.2
Comments:

Services:  Obtain a sample of treated subgrade at the project site and return itto the laboratory. Prepare and test the sample for
moisture-density relationship and plasticity index
Terracon Rep.: Benjanun Butler

Reported To:

Contractor:

Report Distribution:
(1) Southwest Research Instinute, (1) Temzcon Consultants, Inc.,
Jenoy femen g swTiorg dejacobspitemacon com

Reviewed By: QQML( < qj..a_m_..--‘-.

Damel E. Jacobs
Sentor Project Manager

Test Methods: ASTM

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 o the actual samples tested at the location(s) referenced and are not necessarily indicative of the properties of other apparently

similar or identical materials.
CRO0E, 10-16-13, e T Pagelofl
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LABORATORY COMPACTION CHARACTERISTICS OF SOIL REPORT

Report Number: 90141414 0001 1 rerra cnn

Service Date: 12/03/14 G911 Blanco Foad
Report Date: 1210714 San Antonio, TX 78216-6164
210-641-2112 Feg No: F-3272
Client Project
Southwest Research Institute Southwest Research Institute-Moisture Testing
Attm: Jenny Ferren 6220 Culebra Bd
6220 Culebra Foad San Antonio, TX

San Antonio, TX 78228
Project Number: 90141414

SIEVE ANALYSIS
TXDOT Item 247.2
Sieve Size | % Retained | ipeA Gradel
Specifications
%4 Retained
1% 0 0-10
78 11 —
3/8 35 —
#4 50 45-75
#40 75 60-85
#200 84

Remarks: The indicated laboratory tests were performed in general accordance with applicable ASTM
standards unless otherwise noted. All test results meet the reference specification requirements
unless noted by an asterisk *.

Services: Obtain a sample of treated subgrade at the project site and retum itto the laboratory. Prepare and test the sample for
moisture-density relationship and plasticity index.
Terracon Rep.: Benjamn Butler

Reported To:

Contractor:

Report Distribution:

{1} Sewtharest Kosoarch [nstihuts, {1} Terracom Consubtants, Inc.,

i - farmandEswTi.og dejacebsiTtamaconcom ! }

= ' Reviewed By: ; Aemas (; < q;:_q_,.-d-.

Daniel 2 Jacobs

Senior Project Manager

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 abowve and shall not be reproduced except in full without the written consent of cur company. Test results transmitted herein are only applicable o

the actual samples tested at the location(s) referenced and are not necessarily indicative of the properties of other apparently similar or identical materials.
CTOO0], 53810, Rev B Page lofl
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FIELD DENSITY TEST REPORT
Eepont Number: 50141414 0002 Erracnn
Service Duate: 121014 5911 Blamco Read
Eeport Diare: IX1514 Sam Antomio, TR TE21 56164
Task: 210-641-2112 FagMo: F-3272
Client Project

Southaest Ressarch Institne Sorothwest Ressarch Institnte-hinistore Testing

Asin: Jenoy Farmen §220) Calebra Rd.

220 Colotra Read Zan Antenio, T

San Axtomin, TX TEZ28
Project Mambar: 141414

Material Information Lab TestData _Project Bequirements
Optm=m
Warer Aiax Lab  Waner
LACTE Proctor Laboratery Comtemt  Densuity  Content  Compactdon
N Ref. Ma. Claszfcation and Descripdon Tezt hlethod (%) ipcf) (%) (%)
1 201414140001  Crushed Limestone ASTM DERE EN] 131.4 10% Max NA
Field Test Data Probe  Wee  Waer  Water Dry Percest
Test Lift/ Adaz.  Depth  Demsity ©Comeent Comtent  Denzsiry Compacten
Fo. Test Location Elev. Mo {im) [pcf) ipet) %) {pef %)
Test Bail 1
1 10" O Raid Fimal 1 & 1381 L 17 1222 Ga3
Daram: Serial No:

Comments:  Lest amdior recest reseles on this report meed project requremenis a3 noted above.

Services: Purform in-place density axd moisture contunt tests to detarming degres: of coppacticn and material moiiums
condttion.

Terracen Rep.: Natham J. Gozm

Eeporied To:

Eepont Disiribotion: . 1 A7
11 St v E o T e {1} Tarmsears Crmm by, bie, Beviewed By: 5 .;:._.,_._,_{: = fi—f’----"'
LR TR ] e PR S0 Liamagl 2. facobs

Sanior Project Manages
Tesr Mechods: * ASTH DGRIE
T tadils waia pafioimed n ganeil & with g AETH, AASHT D, of DOT bl rratheds. Thi report b sk baly fof Ul uia of B ciant

ndcaled abova and shill nel b repdoduoed sl in Mol eithoa e eillen consant of our campeny. Tesl fedults Fefamilled eien s cnly apobosbe o e
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1 INTRODUCTION

The purpose of Crash Test ET27-31 was to evaluate the performance of the Trinity Highway
Products ET Plus End Terminal with 4-inch wide guide channel installed with a rail height of
27%”. To test the performance of this terminal, Test 3-31 was conducted according to National
Cooperative Highway Research Program (NCHRP), Report 350. The total system installation
length for the test was nominally 47.6 m (156°-3”), including the 15.2 m (50 ft) ET Plus terminal
length.

Test 3-31 is intended primarily to evaluate the capacity of the device to absorb the kinetic energy
of the vehicle in a safe manner as judged by the occupant risk and vehicle trajectory criteria. The
test consists of a 2000 kg vehicle approaching parallel to the roadway (0 degree angle) and
impacting the end terminal at 100 km/hr (62.1 mph) at the vehicle’s centerline.

Crash Test ET27-31 was conducted on December 16, 2014, at the Crash Test Site at Southwest
Research Institute (SWRI) by SwRI personnel. This report presents information on the test

parameters, a discussion of the test, and an assessment of the test results based on the criteria set
forth in NCHRP Report 350.

ET27-31
Introduction
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2 TEST PARAMETERS

Test Facility

The full-scale crash testing was performed by Southwest Research Institute (SwRI), on the
campus located at the following address:

Southwest Research Institute

6220 Culebra Road

San Antonio, Texas 78238

SwRI is ISO/IEC 17025 accredited by A2LA (American Association for Laboratory
Accreditation) to perform this testing under Testing Laboratory Certificate #1110.02.

Test Article — Design and Construction

The full-scale crash test was performed on the ET Plus End Terminal which included the ET Plus
extruder head with 4-inch wide guide channel and W-Beam guardrail installed with a rail height
of 27%”. The ET Plus End Terminal installation tested uses standard AASHTO M180 Type 2,
12-gauge, 12°-6” W-Beam guardrail panels mounted with the top of the rail 27% inches above
the ground, two wooden breakaway posts in foundation sleeves without soil plates at Posts 1 and
2, and CRT posts at Posts 3 through 8.

During installation, holes approximately 2' in diameter were drilled into the soil and then
backfilled around the posts using "standard soil" as defined by NCHRP Report 350, Section
2.2.1.1. The base material was compacted in 15 cm (6 in) lifts, and was added until the surface
was flush with the surrounding soil.

The guardrail line posts are 6” x 8” wood posts with 6” x 8 wood blockouts. The blockouts are
toenailed, and the guardrail panels are mounted to the posts using 5/8”¢ post bolts beginning
with Post 2; the bolt for Post 2 is 10” long, and all other post bolts are 18” long. The post
spacing is 6°-3”, and each splice joint used eight (8) 5/8”¢ x 1-1/4” splice bolts and nuts; the
splice bolts have a nominal total length of 1-5/8” including the bolt head. The installation uses
3/4”¢ x 10” bolts through the soil tube, post, and strut at Post 1 and Post 2. An anchor cable is
also installed at Post 1. The installation has guardrail splices at each odd-numbered post starting
with Post 3.

The total system installation length for the test was nominally 156°-3” (47.6 m), including the 50
ft (15.2 m) ET Plus terminal length, 81°-3” (24.8 m) of guardrail, and a 25’ (7.6 m) downstream
terminal anchor section that included a turndown guardrail anchor spliced at Post 22 and
mounted to a concrete footing. Detailed drawings of the test article provided by Trinity Highway
Products are provided in Appendix A.

The ET Plus end terminal extruder head was one of eight production samples CalTrans
(California DOT) pulled from their inventory for testing at SWRI. The heads were inspected by
CalTrans, FHWA, and Trinity Highway Products personnel at the CalTrans yard, and were
stamped with identifiers “Kit #1” through “Kit #8”. SwRI arranged for shipment of the heads to

ET27-31
Test Parameters
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the test site in San Antonio, and the heads remained in controlled storage until they were
installed for testing. The dimensions of the specific ET Plus end terminal extruder head used for
Test ET27-31 are provided in Table 2.1 below; dimensions measured with a tape measure are
listed in fractional inches, and dimensions measured with a digital caliper are listed as decimals.
Copies of the datasheets reviewed by representatives from the FHWA, US DOT and various
state Departments of Transportation (DOT) prior to testing are located in Appendix B.

The performance goal for the ET Plus is to achieve controlled vehicle deceleration in compliance
with NCHRP Report 350 criteria for post-impact vehicle trajectory and occupant risk. Figure 2.1
through Figure 2.20 present photographs of the guardrail installation.

Table 2.1: Key ET Plus Head Dimensions

Extruder Head Stamp ID 2
Exit Gap 1.0890”
Entrance Gap 4.8090”
Guide Chute Exit Height 14-15/16”
Guide Chute Entrance Height 14-1/2”
Channel Width (see Figure 2.2) 4.0350”

Figure 2.1: ET Plus Head Sample Identification Number

Figure 2.2: Measurement of Channel Width of Head

ET27-31
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Figur 2.3: Test Installation for ET Plus Test ET27-31

Figure 2.4: ET Plus End inal

ET27-31
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Figure 2.5: ET Plus Head Height Above Ground - Top

Figure 2.6: ET Plus Head Height Above Ground — Bottom

ET27-31
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Figure 2.7: Measurement of Guardrail Installation Height

Figure 2.8: ET Plus Head and Anchor Cable Assembly

ET27-31

Test Parameters Page 12 of 78




SwWRI Document Number 18.20887.03.100.FR2, Iss. 1 January 23, 2015

Figure 2.9: End Terminal Anchor Cable Mount — Post 1

Figure 2.10: End Terminal Cable Anchor

ET27-31
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Figure 2.11:  First Guardrail Panel Splice Joint — Traffic Side (Bolts Painted for Visibility in
Video)

Figure 2.12:  First Guardrail Panel Splice Joint — Back Side (Nuts Painted for Visibility in Video)

ET27-31
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Figure 2.13:  Second Guardrail Panel Splice Joint — Traffic Side (Bolts Painted for Visibility in
Video)

Figure 2.14:  Second Guardrail Panel Splice Joint —Back Side (Nuts Painted for Visibility in
Video)

ET27-31
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Figure 2.16: ET Plus Head and Post 1 — Back Side
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Figure 2.17:  End Terminal Head with Posts 1 & 2 and Strut

Figure 2.18:  ET Plus Head Extruder Exit (see Appendix B for Dimensions)

ET27-31
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Figure 2.19:  Post 22 Immediately Preceding Downstream Turndown Anchor

i o SOTA e A,
Figure 2.20:  Downstream Turndown Anchor

ET27-31
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Test Vehicle

The test vehicle was a 1994 Chevrolet C2500 pickup truck, shown in Figure 2.21; the vehicle
data sheet is provided in Appendix B. Figure 2.22 shows the relationship between the height of
the vehicle bumper and the end terminal. Figure 2.23 shows the test vehicle positioned at the
impact point of the end terminal, and Figure 2.24 shows an overhead view of the test vehicle
positioned at the intended crash angle of 0° and at the vehicle’s centerline. Figure 2.25 shows
the ballast weight that was added to the vehicle, bolted to the bed of the pickup near the cab.

The test inertial mass of the vehicle, including 100 kg (220.5 1bs) of added ballast weight, was
1998 kg (4,404 1bs) as reflected in Table 4.2.

Figure 2.21:  Test Vehicle for Test ET27-31

ET27-31
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Figure 2.22:  Test Vehicle Bumper Height
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Figure 2.23:  Test Vehicle Impact Trajectory
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Test Vehicle Ipact Trajectory Overhead View

Flgre 2.24:

Figure 2.25:  Test Vehicle Ballast

ET27-31
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Test Vehicle Guidance

The test vehicle was towed into the end terminal using two tow vehicles and a series of pulleys
and sheaves. A steel cable was attached to a quick-release pin under the front of the vehicle and
was passed around a sheave and secured to the rear of the first tow vehicle. The first tow vehicle
was equipped with an adjustable ignition restrictor that attenuated the tow vehicle’s engine RPM
when a pre-set speed was attained; this vehicle was connected with a steel cable to a second tow
vehicle. The test vehicle was guided by means of a taught steel cable attached to a sliding shoe
which was attached to the front spindle of the test vehicle shown in Figure 2.26. Just prior to
impact, the sliding shoe and tow cable were stripped from the vehicle allowing the test vehicle to
free wheel into the end terminal.

%

Figure 2.26:  Test Vehicle Steering Guidance Assembly

Test Vehicle Data Acquisition

The data acquisition consisted of recording the acceleration and angular velocities of the test
vehicle. The measurement of these two parameters allows SwRI engineers to perform an
occupant risk evaluation. The device used to record the vehicle acceleration and angular
velocities was a six (6) degree-of-freedom Instrumented Sensor Technology Electronic Data
Recorder, henceforth referred to as the EDR-4.

The EDR-4 recorder unit is a compact package used for stand-alone recording of shock and
vibration, and is able to record six channels of data. The three acceleration channels were
recorded from a built-in triaxial accelerometer used to record the test vehicle’s accelerations in
three orthogonal directions (x, y, and z). The three angular velocity channels were recorded from

ET27-31

Test Parameters Page 22 of 78




SwWRI Document Number 18.20887.03.100.FR2, Iss. 1 January 23, 2015

built-in rate gyro transducers used to record the test vehicle’s angular velocities in three
orthogonal directions (roll, pitch, and yaw).

The data acquisition package was rigidly attached to the test vehicle. A metal bracket was
welded onto the test vehicle’s body. This bracket was attached inside the passenger
compartment of the vehicle, as close as possible to the vehicle’s center of gravity, without
significantly modifying the vehicle’s interior components (i.e., center console, bench seats). The
data acquisition package was then bolted to the metal bracket as shown in Figure 2.27 and Figure
2.28. Because of the configuration of the EDR-4 as manufactured, the orientation of the data
acquisition package within the vehicle matches the general axis designation given in Figure 4.6
of NCHRP Report 350, but the signs for the Y and Z axes had to be reversed during post-test
processing to comply with the NCHRP and TRAP sign convention.

Figure 2.27: "EDR Mounted in Test Vehicle for Test ET27-31

ET27-31
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Figure 2.28:  Close-up of EDR Mounted in VehicFe

The sign convention used for data processing is as follows:

Table 2.2: Sign Convention for Vehicle Motion

January 23, 2015

X:

Positive in the normal forward motion direction

Y:

Positive toward the right

Z.

Positive vertically downward

ROLL:

Positive using right hand rule about +X direction

PITCH:

Positive using right hand rule about +Y direction

YAW:

Positive using right hand rule about +Z direction

The EDR-4 data recorder unit was configured with a sample rate of 2944 samples per second
(per channel), and with a low pass filter setting of 300 Hz. After the data had been downloaded
from the data acquisition package, the data was processed using Test Risk Assessment Program
(TRAP) Version 2.3.11, (Texas A&M Transportation Institute and Capsher Technology, Inc.).
The TRAP program was designed to determine the effectiveness of a roadside safety feature by
analyzing data from a vehicle crash test of the feature and calculating standardized occupant risk
factors. TRAP calculates occupant risk factors in accordance with the NCHRP Report 350

guidelines.

ET27-31
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Soil Conditions

The soil complied with the NCHRP Report 350 “Standard Soil” as described in the Test Article —
Design and Construction section of this report. The day of testing, soil moisture content was
measured by a certified environmental engineering firm. The maximum moisture content
measured was 7.3% behind both Post 2 and Post 4. There was no rainfall between when the
moisture reading was taken and when the testing was conducted. Detailed results of the soil
testing and moisture content evaluation are provided in Appendix E.

Calibrated Test Equipment

Test equipment used to perform the tests and acquire data during this testing program is listed in
the table below.

Table 2.3: Equipment Used During Testing
Description Manufacturer Model Asset No. Due Date'
Data Recorder IST EDR-4-6DOF-200 S/N 40048 2/5/15
Wheel Scales Longacre 72634 015238 11/5/15
Measuring Tape Stanley 33-725 015324 11/7/15
Caliper Starrett 721 020504 3/18/15
Speed Trap DAQ NI USB-6008 S/N 14D4376 8/27/15

"Unless otherwise specified, all equipment is calibrated or verified on an annual basis.

Test Observers
Representatives from the following organizations were among those present at the SWRI Crash
Test Site and observed Test ET27-31 on December 16, 2014:

e Federal Highway Administration (FHWA)

e Virginia DOT

e Ohio DOT

e New Hampshire DOT (AASHTO Representative)

Observers from FHWA and AASHTO were permitted to visually inspect and measure the ET
Plus installation before and after the test. All other observers were allowed to visually inspect
the ET Plus installation and the test vehicle following the test.
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3 TEST CONDITIONS AND RESULTS

Test Description

The purpose of Test ET27-31 was to evaluate the performance of Trinity Highway Products ET
Plus End Terminal with 4-inch wide guide channel installed with a rail height of 27%4”. To test
the performance of this terminal, Test 3-31 was conducted according to NCHRP Report 350. The
test installation length for the test was 156°-3” (47.6 m), and the terminal length was 15.2 m (50
ft).

Test 3-31 is intended primarily to evaluate the capacity of the device to absorb the kinetic energy
of the vehicle in a safe manner as judged by the occupant risk and vehicle trajectory criteria. The
test consists of a 2000 kg vehicle approaching parallel to the roadway (0 degree angle) and
impacting the end terminal at 100 km/hr (62.1 mph) at the vehicle’s centerline. The test
configuration is shown in Figure 3.1, which is from Figure 3.2 of NCHRP Report 350.

TERMIMAL OR CRASH CUSHION LENGTH

NN SRRPRN ENURPUN SPRPR [P JRp ai—f-—f w

C-J (] T
E
-

[ I lc

HORMAL DIRECTION

OF TRAFFIC
@ = 0 DEG.
OFFSET = O
JEST MO 31

Figure 3.1: Impact Configuration [from Figure 3.2 of NCHRP Report 350]

The weather on the day of the test was mostly sunny, with temperatures ranging from 46-65°F.
The temperature at the time of the test was approximately 60°F. The soil was dry as discussed in
the Soil Conditions section of this report.

ET27-31
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Impact Description/Vehicle Behavior

Figure 3.2 is an overhead photograph showing the post-test condition and location of the test
article and test vehicle. Figure 3.3 through Figure 3.5, show that the test vehicle impacted the
end terminal at a nominal 0° angle. The impact velocity of the test as measured by SwRI's speed
trap system and verified by high-speed film analysis was determined to be 97.5 km/hr (60.6
mph). As a result of the test, the ET Plus extruder head moved 11.4 m (37.4 ft) longitudinally
(downstream) as measured from its as-installed position, which is also the total system
deformation (i.e. longitudinal distance to closest point) measured after the impact from the initial
point of contact.

After the impact event, the ET Plus extruder head stroked along the guardrail, extruding
approximately 37.4 feet of guardrail including the first splice at Post 3 and the second splice at
Post 5. The vehicle slowed and came to a stop when the channel entrance end of the head was at
Post 7. The vehicle remained in contact with the ET Plus extruder head until it came to rest. The
vehicle was not operable after the test.

The ET Plus extruder head directly contacted and sheared Posts 1 through 6, and damaged Posts
7 and 8 at the end of the stroke. After the vehicle came to rest, Post 1 was on the ground behind
the vehicle, Posts 2 and 3 were on the ground under the bed of the pickup, and Posts 4, 5 and 6
were stacked under the front axle of the pickup, which lifted the vehicle slightly; the front tires
were nearly 2 inches off the ground after the vehicle came to rest. Post 7 appeared to be
undamaged, but the blockout was twisted and slightly damaged due to impact with the tail end of
the extruder head. Posts 8 and 9 exhibited minor cracking following the test, and the Post 8
blockout was twisted due to the relative motion of the attached guardrail panel. All posts and
blockouts downstream of Post 9 appeared undamaged, and no appreciable movement of the
downstream turndown anchor was observed. Additionally, the anchor cable at Post 1 broke free
of the installation and came to rest near Post 8. The extruded portion of the guardrail came to
rest parallel to the installation on the non-traffic side, and the tail end of the coil was located
between Posts 10 and 11. There was no penetration of the vehicle by the test article, and there
was no deformation of the occupant compartment resulting from the test. The only debris
thrown from the installation as a result of the impact included pieces of posts from the first four
posts; the majority of the debris fell to the non-traffic side of the guardrail, and the only debris
landing on the traffic side was a small piece of Post 3 that landed near Post 13. There was no
significant deformation of the 4” guide channels as a result of the impact, and they remained
attached to the impact head.

The test vehicle experienced a maximum 50 millisecond moving average acceleration of -7.2¢g in
the longitudinal direction, 1.2g in the lateral direction, and 4.0g in the vertical direction. The
impact velocities and ridedown accelerations were below the preferred limits and well below the
maximum limits listed in NCHRP Report 350.
e Occupant risk impact velocities were 7.1 m/s in the longitudinal direction, and -0.3 m/s in
the lateral direction.
e Occupant risk ridedown accelerations were -9.2¢g in the longitudinal direction, and 5.0g in
the lateral direction.

ET27-31
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The following sections provide photographs of the post-impact condition of the test article as
well as the vehicle. Table 4.2 presents a summary of the onboard data, and plots of the
accelerometer and angular velocity transducers are provided in Appendix D.

Figure 3.2: Post-Impact Condition of the Test Article and Vehicle

Impact Severity

NCHRP Report 350 states that the recommended impact severity for Test Level 3, Test 3-31 is
771.7 kJ, with a suggested tolerance of -60.4/+62.9 kJ. The actual impact severity of test ET27-
31 was 733.7 kJ, a deviation of -38.0 kJ from the nominal impact severity recommended in
NCHRP Report 350. Note that for Test 3-31, Sin 6 is set to 1 in accordance with Section 3.3.1 of
Report 350.

Impact Severity = 14-M-(V-Sin 0)°
=14-M-V?
=0.5-(1998 kg)(27.1 m/s)
=733.7kJ

The equivalent impact speed of a 2000 kg vehicle impacting the end terminal at 0 degrees would
be 97.5 km/hr (60.6 mph).

ET27-31
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Time = 0.350 seconds Time = 0.400 seconds
Figure 3.3: Sequential Photographs, as Viewed from Overhead
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Time = 0.250 seconds

Time = 0.350 seconds Time = 0.400 seconds
Figure 3.4: Sequential Photographs, as Viewed from Downstream
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ol

.50 secds

Time 0.00 secons o Time = 00 secos Time = O. seconds
Figure 3.5: Sequential Photographs, as Viewed from Non Traffic Side of the End Terminal
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End Terminal Damage

Figure 3.6: Post-Impact Condition of the Test Article and Vehicle

Figue 37 s-Impac i|on of the Test Article and Vehicle
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Figure 3.8: Post Test — Post ad 2Fountion Seves and Strut

Figure 3.9: " Post Test - Pst 1 Foundaﬁon Sleve
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Figure 3.11: Pst Test — Post 1
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' Flgure 3 12: Post Test ' Posts 2 and 3 UnderVehche Close up'

Figure 3.13: Post Tesf Posts 4 5 and 6 Stacked Under Vehlcle
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Figure 3.14: Post Test — Post 8 Cracked, Blockout Twisted

" "\ 3 »'\ . g g T
Figure 3.15:  Post Test — Post 9 Cracked
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i . o ! : \
Figure 3.18:  Post Test — Extruder Head at Post 7, Blockout Twisted
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Tt &5 - ~
Figure 3.21:  Post Test — Extruded Guardrail
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LR g & 400 & RN
Figure 3.25:  Post Test — Extruded Guardrail Coil
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Figure 3.28:  Post Test — Extruded Guardrail Splice from Post 5, Splice Bolts

: > : =
Figure 3.29:  Post Test — Extruded Guardrail Splice from Post 5, Splice Nuts
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Figure 3.31:  Post Test — Line Posts 10 & 11 and Debris
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e Removed

Figure 3.33: ost-lmpact Test Article after Vehicl
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Figure 3.35:  Post-Impact Test Article after Vehicle Removed — Rear View
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Figure 3.37:  Post-Impact Test Article after Vehicle Removed —-Guide Channel Entrance
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Figure 3.38:  Post Test Verification of Extruder Head 2
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Vehicle Damage

Figure 3.39:  Test Vehicle Post-Test Location

Figure 3.40:  Post Test Vehicle — Overhead View
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Figure 3.41:  Post Test Vehicle — Front View
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i Y R . e 4. ety i,
Figure 3.43:  Post Test Vehicle — Left Side

HREA
Figure

3.44: Post Test Vehicle — Right Side
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Figure 3.45:  Post Test Vehicle — Front Hood

(o
T CHEVROLET

Figure 3.46:  Post Test Vehicle — Accumulated Posts Located Under the Vehicle
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Figure 3.48:  Post Test Vehicle — Accumulated Posts Lifted Vehicle
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Figur 3.52:  Post Test Vehicle - Occupant Compartment
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4 ASSESSMENT OF TEST RESULTS

A comparison of the test results of Test ET27-31 against the evaluation criteria set forth in NCHRP Report 350 for Test 3-31 is provided
in Table 4.1. A summary of the test results is provided in Table 4.2.

Table 4.1: Summary of Test Evaluation Results (NCHRP Report 350 Evaluation Criteria) for Test ET27-31
Evaluation Evaluation Criteria Crash Test Result Result
Factor
C. Acceptable test article performance may be by Test article provided controlled
Structural L . . . .
redirection, controlled penetration, or controlled deceleration and stopping of the vehicle. Pass
Adequacy . .
stopping of the vehicle.
D. Detached elements, fragments or other debris No penetration or potential penetration of
from the test article should not penetrate or show the occupant compartment or undue hazard
potential for penetrating the occupant compartment, | presented by test article debris. See photos Pass
or present an undue hazard to other traffic, for post-test location of debris.
pedestrians, or personnel.
F. The vehicle should remain upright during and Vehicle remained stable and upright during
Occupant after collision although moderate roll, pitching and | and after the collision. Pass
Risk yawing are acceptable.
H. Occupant Impact Velocities (OIV) limits: Occupant impact velocities:
Preferred =9 m/s Longitudinal: 7.1 m/s Pass
Maximum = 12 m/s Lateral: -0.3 m/s
I. Occupant Ridedown Acceleration (ORA) limits: | Occupant Ridedown Accelerations:
Preferred=15¢g Longitudinal: -9.2 g Pass
Maximum =20 g Lateral: 5.0 g
K. After collision it is preferable that the vehicle’s See photos; vehicle remained in contact See Note!
Vehicle trajectory not intrude into adjacent traffic lanes. with guardrail following impact.
Trajectory | N. Vehicle trajectory behind the test article is See photos; vehicle remained in contact
. . . Pass
acceptable. with guardrail following impact.
Note': As stated in Report 350, this criterion is preferable, but not required.
ET27-31 Page 57 of 78
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Table 4.

Summary of Test Results and Conditions

January 23, 2015

| 37 feet
P I A R A A B 8 A i i B g | L '!' 'll__ﬂ_n__(_ = §
2 219 20 19 18 17 16 15 14 13 12 11 10 8 = | 2 14
6 5 4
General Information Impact Conditions Extruder Head Position from Start
Test Agency | Southwest Research Institute Speed (km/hr) | 97.5 Longitudinal | 11.4 m (37.4 ft)
Test Number | ET27-31 Angle (degrees) | 0.1 Lateral | ~0 m
Test Date | 12/16/2015 Exit Conditions Total System Deformation (Closest Point)
Test Category | 3-31 Speed (km/hr) | N/A Longitudinal | 11.4m (37.4 ft)
Test Article Angle (degrees) | N/A Post Impact Vehicular Behavior
Type | End Terminal Max Vehicle Rotation (degrees)
Terminal Length | 15.24 m (50 ft) Occupant Risk Values Max. Roll | -6.0 @ 1.2014 sec.
Installation Length | 47.6 m (156.25 ft) Impact Velocity (m/s) Max. Pitch | -3.1 @ 0.7099 sec.
Nom. Barrier Height | 705 mm (27.75 in) x-direction | 7.1 Max. Yaw | -2.8 @ 1.4195 sec.
Type of Primary Barrier | W-beam guardrail y-direction | -0.3 Max 50ms Moving Average Accelerations (g)
Soil Stable, Dry - “Standard” Soil Ridedown Accelerations (g) x-direction | -7.2 @ 0.4346-0.4846 sec.
Test Vehicle x-direction | -9.2 y-direction | 1.2 @ 0.7131-0.7631 sec.
Type | Pickup truck y-direction | 5.0 z-direction | 4.0 @ 0.9784-1.0284 sec.
Designation | 2000P Target Conditions
Model | 1994 Chevrolet C2500 Nominal Speed 100 km/hr (62.1 mph)
Curb Mass (kg) | 1898 as received Nominal Angle 0°
Ballast Mass (kg) | 100 Tolerances
Test Inertial Mass (kg) | 1998 Nominal Speed +4 km/hr
Dummy Mass (kg) | N/A Nominal Angle +1.5°
Gross Static Mass (kg) | 1998
ET27-31
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3) CONCLUSIONS

The performance of the ET Plus during Test ET27-31 against Structural Adequacy, Occupant
Risk, and Vehicle Trajectory criteria specified in NCHRP Report 350 was as-follows:

Structural Adequacy
e The vehicle was decelerated and stopped in a controlled manner.

Occupant Risk

e There was no penetration of the vehicle by the test article, and no deformation of the
occupant compartment resulting from the test.

e There was no undue hazard presented by test article debris outside of the immediate
impact zone; the only debris thrown from the installation included pieces of posts and
blockouts, the majority of which fell to the non-traffic side of the guardrail.

e The vehicle remained upright during and following the impact.

e The test article provided for controlled deceleration with impact velocity and
ridedown acceleration values within allowable limits.

Vehicle Trajectory
e The vehicle was smoothly decelerated and remained in contact with the guardrail
until it came to rest.

Based on the information provided in this report, the ET Plus End Terminal with 4-inch wide
guide channel installed with a rail height of 2734 meets the Test Level 3, Test 3-31 criteria for
NCHRP Report 350.

ET27-31
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Appendix A: Test Article Drawings

ET27-31
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EXHIBIT D-1: Installation Checklist
Test Number: ET 971-31 Test Date:_ 13/13/3e14

*Record the following impact head dimensions:

head S'[a.mf "2t 1M fa0r

Dimension *Pre-Test
- S - ¥leasure ments
% Exit Gap (middle - inside) 1.o%g90"
Entrance Gap (middle - outside) "‘f g{ﬂ o
Guide Chute Exit Height (outside) 4 :5{{* # g
Guide Chute Entrance Height (outside) F'i S T l./'
" Channel Width (outside) D r _035 o' S
Channel Insertion into Extruder 0.4T50" o040 "
04925"  o.Laio"
Dutside Guide Channel Length 105 " /,
Qutside Guide Channel Length — Chute to start of swedge 35“ /
| Head length - st i.,'aﬂ_ - /" T

e

Guardrail height as measured from the ground to the top of the guardrail at mid-span for

the first eight spans: -
a. Between post | and 2: 31 ¥ inches Between post 5 and 6: ﬂ!“" inches
b. Between post 2 and 3: 3% “inches Between post 6 and 7: 38 inches
c. Between post 3 and 4: 31 18 inches Between post 7 and 8: 3%  inches
d. Between post 4 and 5: 7% inches Between post 8 and 9: 3% inches
e. (ET27 series: all heights to be greater than or equal to 27-3/4" and less than 28-
3/4")

f. (ET31 series: all heights to be greater than 30-1/2" and less than 31-1/27)
Distance from the ground to the bottom of the impact face: %"k inches. L//
Distance from the ground to the top of the impact face: ¥ Rk inches. J/
Soil in the area around impact area and runout area is smooth and flat NO (circle
one).
Backfill around the posts has been m-mmpacte@ NO (circle one).
Distance from the ground to the top of the first foundation tube: 3 inches

{Must be 4 inches or less).
Distance from the ground to the top of the second foundation tube: 1'3‘1 inches

(Must be 4 inches or less).
Bolts at the top of the foundation tubes at posts one and two are not overtightened and the
walls of the steel tube are not collapsed or deformed ES “yNO (circle one).
The ET-PLUS extruder head is pushed as far as it will g0 on the guardrail panel. The
guardrail extends into the extruder ; & Inches.

W
HIGHLY CONFIDENTIAL aﬁ»p:\ 'v\"A Qeﬁ\@\ﬁ
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J- The two bolts (top and bottom) holding the extruder head to post one are snug and the
extruder channel is approximately parallel to the finished grade (i.e., lcvcl}:@ NO

{circle one).
k. The cable anchor bracket is locked into place by pulling the bracket toward the impact
end of the unit: MO (circle one). Make sure the hooks/lugs are well seated into the

square holes on the guardrail. y

I. The hex nuts on the cable ends are tightened such that the cable is taut( fFS JNO (circle
one). The cable is taut when it does not deflect more than 1 inch when hand pressure is
applied perpendicular to the mid-span of the cable.

m. The bearing plate is placed on the impact side of post 1 where the cable extends through
the post: MO (circle one).

n. The cable bearing plate is oriented with the long dimensions twmed up (from top of plate
to center of cable hole is 5”@ MO (circle one),

0. Wood blockouts have been toe-nailed to the posts:@ NO (circle one),

p. The CRT post top hole is located with the center of the hole approximately at the ground
line (£ 2" }: TES® NO (circle one).

). The guardrail panels are lapped currmﬂy:@_}i MO (circle one),

Completed by: 51&0% ﬁ%‘-‘m& [ 3:’," 3/3"“-* q

ET27-31
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SOUTHWEST RESEARCH INSTITUTE"

BER0 CULERA FOAD FAZ3R-516E + F.O. DAAWER 25600 TEZ2A-0610 + SAN ANTONIO. TEXAS, USA + {210) 884-6F11 » WWW.EWRLORG

Refer to: 18.20887
January 15, 2015

TRINITY HIGHWAY PRODUCTS LLC
2525 Stemmons Freeway
Drallas, Texas 75207

Subject: Proposal and Fixed-Price Contract for Services No. 18-73314
SwWRIH Project No. 18.20887

To Whom It May Concern:
Southwest Rescarch Institute hereby attests to the following:

*  SwRI is listed on FITWA’s roster of laboratories suitable for performing NCHRP Report
350 and MASH crash tests.

+ SwRI is currently ISO 17025 accredited by A2LA to perform NCHRP Report 350 and
MASH crash tests (Testing Lahoratory Certificate 1110.02).

s SwRI has not previously conducted crash testing ot the ET-Plus End Terminal system.

& SwRI does not own intellectual property and does not receive royalty-related revenue
associated with any of the roadside safety hardware involved in this test program or any
guardrail terminal products competing with the ET-Plus End Terminal systeimn.

+ SwRI is financially independent from Trnity Highway Products and the Texas
Transportation Institute (TTI) at Texas A&M University.

I, R. B. Kalmbach, Executive Director of Contracts, certify on behalf of Southwest Research
Institute that the above representations are current, accurate and complete as of the date of this

letter.

Should vou have any questions, please contact Ms. Mary Lepel at 210/522-3026, by facsimile at

210/522-3559, or email marv.lepel@swriorg.
Sm%mﬂm/

E. B. Kalmbach
Executive Director, Contracts

REK/MEKLms
cc: 1, Ferren, SwRI1 (via email)

% Bemuliting governmanl, indeslry mod (e pubilis throwgh inngwative solenco and tochnology
"
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LABORATORY COMPACTION CHARACTERISTICS OF SOIL REPORT

LABORATORY COMPAG Terracon

Service Date:  12/03/14 6911 Blanco Road
Report Date: 121014 San Antonie, TX 78216-6164
210-641-2117 RegNo:F-3272
Client Project
Southwest Research Institute Southwest Research Institute-Moisture Testing
Atin: Jenny Ferren 6220 Culebra Rd
6220 Culebra Foad San Antonio, TX

San Antonio, TX 78228
Project Number 90141414

Material Information Sample Information
Source of Material: Project Site Sample Date: 1210314
Proposed Use: Fill Sampled By: Benjamin Butler

Sample Location: Project Site

Sample Description: Cmshed Limestone

Laboratory Test Data Result Specifications
Test Procedure: ASTM D698 Licpid T drmit: 2
Test Method: Method C Plastic Limit: 13
Sample Preparation: Wet Plasticity Index: 9
Rammer Type: Mechanical In-Place Moisture (%0):
USCS:
O‘Hm'ig;;ﬁdes (%0): éqéj Zero AirVioids Curvefor Assumed Specific
Moisture : 4 Gravity 2.70
Sieve for Oversize Fraction: 3/4 = Ez
g 131 /a-l'-\.. \:\\
Assumed Bulk Specific Gravity : = A N
of Oversized Particles: 7 i = _rf \'\
Corrected for Oversized Particles (ASTM D4718) = =
Maxitmun Dry Unit Weight (pcf):  131.4 5 = S <
Optimum Water Content (%0): 9.1 E o= i
Il ]j? ] = E 8 7 i3 9 10 ol 2 12 14
Maxirmmm Dry Unit Weight (pef): 126.6 Water Cantent (%]
i Water Content (%0): 10.2
Comments:

Services:  Obtain a sample of treated subgrade at the project site and return itto the laboratory. Prepare and test the sample for
moisture-density relationship and plasticity index
Terracon Rep.: Benjanun Butler

Reported To:

Contractor:

Report Distribution:
(1) Southwest Research Instinute, (1) Temzcon Consultants, Inc.,
Jenoy femen g swTiorg dejacobspitemacon com

Reviewed By: QQML( < qj..a_m_..--‘-.

Damel E. Jacobs
Sentor Project Manager

Test Methods: ASTM

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 o the actual samples tested at the location(s) referenced and are not necessarily indicative of the properties of other apparently

similar or identical materials.
CRO0E, 10-16-13, e T Pagelofl
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LABORATORY COMPACTION CHARACTERISTICS OF SOIL REPORT

Report Number: 90141414 0001 1 rerra cnn

Service Date: 12/03/14 G911 Blanco Foad
Report Date: 1210714 San Antonio, TX 78216-6164
210-641-2112 Feg No: F-3272
Client Project
Southwest Research Institute Southwest Research Institute-Moisture Testing
Attm: Jenny Ferren 6220 Culebra Bd
6220 Culebra Foad San Antonio, TX

San Antonio, TX 78228
Project Number: 90141414

SIEVE ANALYSIS
TXDOT Item 247.2
Sieve Size | % Retained | ipeA Gradel
Specifications
%4 Retained
1% 0 0-10
78 11 —
3/8 35 —
#4 50 45-75
#40 75 60-85
#200 84

Remarks: The indicated laboratory tests were performed in general accordance with applicable ASTM
standards unless otherwise noted. All test results meet the reference specification requirements
unless noted by an asterisk *.

Services: Obtain a sample of treated subgrade at the project site and retum itto the laboratory. Prepare and test the sample for
moisture-density relationship and plasticity index.
Terracon Rep.: Benjamn Butler

Reported To:

Contractor:

Report Distribution:

{1} Sewtharest Kosoarch [nstihuts, {1} Terracom Consubtants, Inc.,

i - farmandEswTi.og dejacebsiTtamaconcom ! }

= ' Reviewed By: ; Aemas (; < q;:_q_,.-d-.

Daniel 2 Jacobs

Senior Project Manager

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 abowve and shall not be reproduced except in full without the written consent of cur company. Test results transmitted herein are only applicable o

the actual samples tested at the location(s) referenced and are not necessarily indicative of the properties of other apparently similar or identical materials.
CTOO0], 53810, Rev B Page lofl
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FIELD DENSITY TEST REFORT

Eeport Number: 901414140006 1 rerra cun

Service Date: 12/1614 6911 Blanco Road
Eeport Date: 12/18/14 San Antonio, TX 78216-6164
Task: 210-641-2112 RegNo: F-3272
Client Project

Southwest Research Institute Southwest Research Institute-Moisture Testing

At Jenny Ferren 6220 Culebra Rd

6220 Culebra F.oad San Antonio, T

San Antonio, TX 78228
Project Number: 90141414

Material Information Lah Test Data Project Requirements
Optimum
Water  Max. Lab  Water
Mat. Practor Laboratory Content  Density  Content Compaction
No. Fef. No. Classification and Description Test Method (%) (pcf) (%) (%)
1 901414140001  Crushed Limestone ASTM Daog 21 1314 10%% Max. N/A
Field Test Data Probe Wet Water Water Dry Percent
Test Lift / Mat. Depth Density  Content  Content Density  Compaction
No. Test Location Elev. No. (in) (peh (peh (%) (pef) (%)
Test Rail #2
1 10" off Raul Final 1 12 1334 21 6.5 1253 954
2 Post#2 Final 1 12 1352 9.2 13 126.0 959
3 Post#4 Final 1 12 136.8 93 13 1275 97.0
4 Post#6 Final 1 12 1338 7.9 6.3 1259 95.8
Datum: Serial No:

Comments:  Test and/or retest results on this report meet project requirements as noted above,

Services: Perform m-place density and moisture content tests to determuine degree of compaction and matenal moisture
condition.

Tervacon Rep.: Nathan J. Gunn

Reported To:

Contractor: g

Report Distribution: . | A7
il}'PSnm]m'nsthsnudl Imstitube, {1) Tumacon Cemnlizats, Inc., Reviewed B1.I' g .’1@44.{': .21— i&""-”‘_'
[ — —p— dujacobs(Emmacon cam Dantel E-/Tacobs

Senior Project Manager
Test Methods: * ASTM Da938

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

CRMOT, 10-16-12. Rev T P‘age lofl
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NCHRP Report 350 Test Report

Full-Scale Crash Evaluation of the
ET Plus® End Terminal with 4-inch Wide Guide Channel
Installed with a Rail Height of 27%4 Inches

Test Level 3, Test 3-32
Test Identification: ET27-32

SwRI® Project No. 18.20887

SwRI Document Number: 18.20887.03.100.FR3
Issue 1

Prepared for:
Trinity Highway Products
2525 Stemmons Freeway

Dallas, TX 75207

January 23, 2015
Authored by: Reviewed and Approved by:
%ZM% "233 ANeA—— / ,”_,,_,( Af {g/
s
Jenny Ferren, Manager Timothy A7Fey, P.E., Director
Mechanical Engineering Division Mechanical Engineering Division

The results of this test report apply only to the specific samples tested. If the manufacturer extends the test results to apply to other samples of the
same model, or from the same lot or batch, the manufacturer should ensure the additional samples are manufactured using identical electrical and
mechanical components. This test report shall not be reproduced, except in full, without written approval of Southwest Research Institute.

Southwest Research Institute® &

6220 Culebra Road e Post Office Drawer 28510
San Antonio, Texas 78228-0510 |ACCREDITED)
TESTING CERT.#1110.02
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Below is a table documenting the various changes recorded in this report. Each issuance of the
report is clearly marked with the revision number and date of issue.

Table 0.1: Revision Table

Revision Table

ISSUE EXPLANATION PAGE NUMBERS | DATE EFFECTIVE
1 Original report All 1/23/2015
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1 INTRODUCTION

The purpose of Crash Test ET27-32 was to evaluate the performance of the Trinity Highway
Products ET Plus End Terminal with 4-inch wide guide channel installed with a rail height of
27%”. To test the performance of this terminal, Test 3-32 was conducted according to National
Cooperative Highway Research Program (NCHRP), Report 350. The total system installation
length for the test was nominally 47.6 m (156°-3”), including the 15.2 m (50 ft) ET Plus terminal
length.

Test 3-32 is intended primarily to evaluate occupant risk and vehicle trajectory criteria. The test
consists of an 820 kg vehicle approaching the traffic side of the installation at a 15° angle to the
roadway, and impacting the end terminal at 100 km/hr (62.1 mph). The vehicle will impact at
the vehicle’s centerline.

Crash Test ET27-32 was conducted on December 17, 2014, at the Crash Test Site at Southwest
Research Institute (SWRI) by SwRI personnel. This report presents information on the test

parameters, a discussion of the test, and an assessment of the test results based on the criteria set
forth in NCHRP Report 350.

ET27-32
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2 TEST PARAMETERS

Test Facility

The full-scale crash testing was performed by Southwest Research Institute (SwRI), on the
campus located at the following address:

Southwest Research Institute

6220 Culebra Road

San Antonio, Texas 78238

SwRI is ISO/IEC 17025 accredited by A2LA (American Association for Laboratory
Accreditation) to perform this testing under Testing Laboratory Certificate #1110.02.

Test Article — Design and Construction

The full-scale crash test was performed on the ET Plus End Terminal which included the ET Plus
extruder head with 4-inch wide guide channel and W-Beam guardrail installed with a rail height
of 27%”. The ET Plus End Terminal installation tested uses standard AASHTO M180 Type 2,
12-gauge, 12°-6” W-Beam guardrail panels mounted with the top of the rail 27% inches above
the ground, two wooden breakaway posts in foundation sleeves without soil plates at Posts 1 and
2, and CRT posts at Posts 3 through 8.

During installation, holes approximately 2' in diameter were drilled into the soil and then
backfilled around the posts using "standard soil" as defined by NCHRP Report 350, Section
2.2.1.1. The base material was compacted in 15 cm (6 in) lifts, and was added until the surface
was flush with the surrounding soil.

The guardrail line posts are 6” x 8” wood posts with 6” x 8 wood blockouts. The blockouts are
toenailed, and the guardrail panels are mounted to the posts using 5/8”¢ post bolts beginning
with Post 2; the bolt for Post 2 is 10” long, and all other post bolts are 18” long. The post
spacing is 6°-3”, and each splice joint used eight (8) 5/8”¢ x 1-1/4” splice bolts and nuts; the
splice bolts have a nominal total length of 1-5/8” including the bolt head. The installation uses
3/4”¢ x 10” bolts through the soil tube, post, and strut at Post 1 and Post 2. An anchor cable is
also installed at Post 1. The installation has guardrail splices at each odd-numbered post starting
with Post 3.

The total system installation length for the test was nominally 156°-3” (47.6 m), including the 50
ft (15.2 m) ET Plus terminal length, 81°-3” (24.8 m) of guardrail, and a 25’ (7.6 m) downstream
terminal anchor section that included a turndown guardrail anchor spliced at Post 22 and
mounted to a concrete footing. Detailed drawings of the test article provided by Trinity Highway
Products are provided in Appendix A.

The ET Plus end terminal extruder head was one of eight production samples CalTrans
(California DOT) pulled from their inventory for testing at SWRI. The heads were inspected by
CalTrans, FHWA, and Trinity Highway Products personnel at the CalTrans yard, and were
stamped with identifiers “Kit #1” through “Kit #8”. SwRI arranged for shipment of the heads to

ET27-32
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the test site in San Antonio, and the heads remained in controlled storage until they were
installed for testing. The dimensions of the specific ET Plus end terminal extruder head used for
Test ET27-32 are provided in Table 2.1 below; dimensions measured with a tape measure are
listed in fractional inches, and dimensions measured with a digital caliper are listed as decimals.
Copies of the datasheets reviewed by representatives from the FHWA, US DOT and various
state Departments of Transportation (DOT) prior to testing are located in Appendix B.

The performance goal for the ET Plus is to achieve controlled vehicle deceleration in compliance
with NCHRP Report 350 criteria for post-impact vehicle trajectory and occupant risk. Figure 2.1
through Figure 2.18 present photographs of the guardrail installation.

Table 2.1: Key ET Plus Head Dimensions

Extruder Head Stamp ID 4
Exit Gap 1.0475”
Entrance Gap 4.7690”
Guide Chute Exit Height 14-15/16”
Guide Chute Entrance Height 14-1/2”
Channel Width (see Figure 2.2) 4.0275”

igure 2.1: ET Plus Head Sample Identification Number

Figure 2.2: Measurement of Channel Width of Head

ET27-32
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Figure 2.3: Test Installation for ET Plus Test ET27-32

Figure 2.4: ET Plus End Terminal

ET27-32
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Figure 2.5: ET Plus Head Height Above Ground — Top

| Figure 2.6: ET Plus Head Height Above Ground — Bottom
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Figure 2.8: ET Plus Head and Anchor Cable Assembly
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. "

Figure 2.9: End Terminal Anchor Cable Mount — Post 1

Figure 2.10: End Terminal Cable Anchor
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Figure 2.11:  First Guardrail Panel Splice Joint — Traffic Side (Splice Bolts Painted for Visibility
in Video)

ats
& # e

il Panelplice

i

Figure 2.12:  First Guardra

oint — Back Side (Nuts Painted for Visibility in Video)
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Figure 2.13:  ET Plus Head and Post 1 — Traffic Side

E s

Figure 2.14:

(.

ET Plus Head and Post 1 — Non-Traffic Side
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Figure 2.15:  End Terminal Head with Posts 1 & 2 and Strut

Figure 2.16: ET Plus Head Extruder Exit (see Appendix B for Dimensions)
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Figure 2.18:  Downstream Turndown Anchor
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Test Vehicle

The test vehicle was a 1997 Geo Metro, shown in Figure 2.19; the vehicle data sheet is provided
in Appendix B. Figure 2.20 shows the relationship between the height of the vehicle bumper and
the end terminal. Figure 2.21 shows the test vehicle positioned at the impact point of the end
terminal, and Figure 2.22 shows an overhead view of the test vehicle positioned at the intended
crash angle of 15° and at the vehicle’s centerline.

A 75 kg (165 lb) anthropometric dummy was utilized for this test, and was placed in the
passenger seat as shown in Figure 2.23 to contribute to the vehicle’s post-impact instability as
specified in NCHRP Report 350. No additional ballast mass was added to the vehicle.

The test inertial mass of the vehicle was 842 kg (1,856 Ibs) as reflected in Table 4.2. Note that
the test inertial mass does not include the weight of the anthropometric dummy.

Figure 2.19: | Test Vehicle for Test ET27-32

ET27-32
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Figure 2.23:  Test Dummy Positioned in Passenger Seat

ET27-32
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Test Vehicle Guidance

The test vehicle was towed into the end terminal using a tow vehicle and a series of pulleys and
sheaves. A steel cable was attached to a quick-release pin under the front of the vehicle and was
passed around a sheave and secured to the rear of a tow vehicle. The tow vehicle was equipped
with an adjustable ignition restrictor that attenuated the tow vehicle’s engine RPM when a pre-
set speed was attained. The test vehicle was guided by means of a taught steel cable attached to
a sliding shoe which was attached to the front spindle of the test vehicle shown in Figure 2.24.
Just prior to impact, the sliding shoe and tow cable were stripped from the vehicle allowing the
test vehicle to free wheel into the end terminal.

Fire 2.24: Test Vehicle Steering Guidance Assembly

Test Vehicle Data Acquisition

The data acquisition consisted of recording the acceleration and angular velocities of the test
vehicle. The measurement of these two parameters allows SwRI engineers to perform an
occupant risk evaluation. The device used to record the vehicle acceleration and angular
velocities was a six (6) degree-of-freedom Instrumented Sensor Technology Electronic Data
Recorder, henceforth referred to as the EDR-4.

The EDR-4 recorder unit is a compact package used for stand-alone recording of shock and
vibration, and is able to record six channels of data. The three acceleration channels were
recorded from a built-in triaxial accelerometer used to record the test vehicle’s accelerations in
three orthogonal directions (X, y, and z). The three angular velocity channels were recorded from

ET27-32
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built-in rate gyro transducers used to record the test vehicle’s angular velocities in three
orthogonal directions (roll, pitch, and yaw).

The data acquisition package was rigidly attached to the test vehicle. A metal bracket was
welded onto the test vehicle’s body. This bracket was attached inside the passenger
compartment of the vehicle, as close as possible to the vehicle’s center of gravity, without
significantly modifying the vehicle’s interior components (i.e., center console, bench seats). The
data acquisition package was then bolted to the metal bracket as shown in Figure 2.25. Because
of the configuration of the EDR-4 as manufactured, the orientation of the data acquisition
package within the vehicle matches the general axis designation given in Figure 4.6 of NCHRP
Report 350, but the signs for the Y and Z axes had to be reversed during post-test processing to
comply with the NCHRP and TRAP sign convention.

e

b

The sign convention used for data processing is as follows:

Table 2.2: Sign Convention for Vehicle Motion
X: Positive in the normal forward motion direction
Y: Positive toward the right
Z: Positive vertically downward

ROLL: | Positive using right hand rule about +X direction
PITCH: | Positive using right hand rule about +Y direction
YAW: | Positive using right hand rule about +Z direction

ET27-32
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The EDR-4 data recorder unit was configured with a sample rate of 2944 samples per second
(per channel), and with a low pass filter setting of 300 Hz. After the data had been downloaded
from the data acquisition package, the data was processed using Test Risk Assessment Program
(TRAP) Version 2.3.11, (Texas A&M Transportation Institute and Capsher Technology, Inc.).
The TRAP program was designed to determine the effectiveness of a roadside safety feature by
analyzing data from a vehicle crash test of the feature and calculating standardized occupant risk
factors. TRAP calculates occupant risk factors in accordance with the NCHRP Report 350
guidelines.

Test Vehicle Onboard Cameras

Two digital cameras were mounted to a rail such that one camera was behind the driver, and one
camera was behind the passenger but aimed at the driver location. A photograph of the camera
locations is provided in Figure 2.26.

| Figure 2.26:  Onboard Camera — Behind Driver
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Soil Conditions

The soil complied with the NCHRP Report 350 “Standard Soil” as described in the Test Article —
Design and Construction section of this report. The day of testing, soil moisture content was
measured by a certified environmental engineering firm. The maximum moisture content
measured was 7.1% at a location behind Post 4. There was minimal rainfall in the form of
drizzle between when the moisture reading was taken and when the testing was conducted,
mostly in the 20 minutes immediately preceding the test. Detailed results of the soil testing and
moisture content evaluation are provided in Appendix E.

Calibrated Test Equipment

Test equipment used to perform the tests and acquire data during this testing program is listed in
the table below.

Table 2.3: Equipment Used During Testing
Description Manufacturer Model Asset No. Due Date’
Data Recorder IST EDR-4-6DOF-200 S/N 40048 2/5/15
Wheel Scales Longacre 72634 015238 11/5/15
Measuring Tape Stanley 33-725 015324 11/7/15
Caliper Starrett 721 020504 3/18/15
Speed Trap DAQ NI USB-6008 S/N 14D4376 8/27/15

"Unless otherwise specified, all equipment is calibrated or verified on an annual basis.

Test Observers
Representatives from the following organizations were among those present at the SWRI Crash
Test Site and observed Test ET27-32 on December 17, 2014:

e Federal Highway Administration (FHWA)

e Virginia DOT

e Ohio DOT

e New Hampshire DOT (AASHTO Representative)

Observers from FHWA and AASHTO were permitted to visually inspect and measure the ET
Plus installation before and after the test. All other observers were allowed to visually inspect
the ET Plus installation and the test vehicle following the test.

ET27-32
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3 TEST CONDITIONS AND RESULTS

Test Description

The purpose of Test ET27-32 was to evaluate the performance of Trinity Highway Products ET
Plus End Terminal with 4-inch wide guide channel installed with a rail height of 27%4”. To test
the performance of this terminal, Test 3-32 was conducted according to NCHRP Report 350. The
test installation length for the test was 156°-3” (47.6 m), and the terminal length was 15.2 m (50
ft).

Test 3-32 is intended primarily to evaluate occupant risk and vehicle trajectory criteria. The test
consists of an 820 kg vehicle approaching the traffic side of the installation at a 15° angle to the
roadway, and impacting the end terminal at 100 km/hr (62.1 mph). The vehicle will impact at
the vehicle’s centerline. The test configuration is shown in Figure 3.1, which is from Figure 3.2
of NCHRP Report 350.

TERMINAL OR CRASH CUSHION LENGTH

- NORMAL DIRECTION

OF TRAFFIC
@ = 15 DEG.
OFFSET = 0
JEST NOs. 32 AND 33

Figure 3.1: Impact Configuration [from Figure 3.2 of NCHRP Report 350]

The weather on the day of the test was mostly cloudy with some drizzle, with temperatures
ranging from 48-59°F. The temperature at the time of the test was approximately 51°F. The soil
was considered dry as discussed in the Soi/ Conditions section of this report.

ET27-32
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Impact Description/Vehicle Behavior

Figure 3.2 is an overhead photograph showing the post-test condition and location of the test
article and test vehicle. Figure 3.3 through Figure 3.5 show that the test vehicle impacted the end
terminal at a nominal 15° angle. The impact velocity of the test as measured by SwRI's speed
trap system and verified by high-speed film analysis was determined to be 98.3 km/hr (61.1
mph). As a result of the test, the ET Plus extruder head moved 5.3 m (17.3 ft) longitudinally
(downstream) and 1.1 m (3.5 ft) laterally as measured from its as-installed position. The total
system deformation (i.e. longitudinal distance to closest point) measured after the impact was 3.7
m (12.3 ft) from the initial point of contact.

After the initial impact event, the ET Plus extruder head stroked along the guardrail, extruding
approximately 3 feet of guardrail. Before the guide channel entrance end of the head reached
Post 2 the head began to rotate, following the angled path of the vehicle; this rotation caused a
fold to form in the W beam at Post 2. As the vehicle continued its angled trajectory, the channel
guide portion of the ET Plus extruder head was pushed further downstream on the W beam over
the fold that had formed at Post 2. As the vehicle continued forward the head continued to
rotate, allowing the vehicle to pass (or gate) through to the non-traffic side of the system. The
ET Plus extruder head ended up roughly parallel to the guardrail and facing in the downstream
direction.

As the vehicle passed by the gated extruder head, the corner of the guide channel entrance
scraped the driver’s side door creating a tear approximately 9 long in the door surface. The tear
affected the sheet metal but there was no damage caused to the interior door panel, and no
intrusion or potential for intrusion of the test article into the occupant compartment based on the
position of the extruder head relative to the vehicle trajectory.

The ET Plus extruder head directly contacted and sheared-off Posts 1 and 2, and damaged Post 3
at the end of the stroke. The splice at Post 3 remained intact and connected to the post.
Although Post 4 appeared undamaged, there was twisting of the Post 4 blockout due to relative
longitudinal motion of the guardrail panel. All posts and blockouts downstream of Post 4
appeared undamaged, and no appreciable movement of the downstream turndown anchor was
observed. Additionally, the anchor cable at Post 1 broke free of the installation and came to rest
near Post 4. There was no penetration of the vehicle by the test article, and there was no
deformation of the occupant compartment resulting from the test. The only debris thrown from
the installation as a result of the impact included pieces of posts and blockouts from the first two
posts; the majority of the debris fell to the non-traffic side of the guardrail. There was no
significant deformation of the 4” guide channels as a result of the impact, and they remained
attached to the impact head.

As the vehicle continued to travel behind the guardrail, it began a counter-clockwise spin due to
the gating motion and the asymmetrical mass due to the dummy positioned in the passenger seat.
The vehicle came to rest past Post 17 facing towards the upstream direction of the guardrail and
at an angle of approximately 45 degrees to the guardrail installation. After the vehicle came to
rest, the perpendicular distance between the guardrail and the closest part of the vehicle (front
right corner) was approximately 2 feet. The vehicle was not operable after the test.
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The test vehicle experienced a maximum 50 millisecond moving average acceleration of -11.0g
in the longitudinal direction, 3.5g in the lateral direction, and -4.9g in the vertical direction. The
impact velocities and ridedown accelerations were below the preferred limits and well below the
maximum limits listed in NCHRP Report 350.
e Occupant risk impact velocities were 8.5 m/s in the longitudinal direction, and -1.5 m/s in
the lateral direction.
e Occupant risk ridedown accelerations were -4.1g in the longitudinal direction, and 3.3g in
the lateral direction.

The following sections provide photographs of the post-impact condition of the test article as
well as the vehicle. Table 4.2 presents a summary of the onboard data, and plots of the
accelerometer and angular velocity transducers are provided in Appendix D.
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Figure 3.2: Post-Impact Condition of the Test Article and Vehicle
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Impact Severity

NCHRP Report 350 states that the recommended impact severity for Test Level 3, Test 3-32 is
316.4 kJ, with a suggested tolerance of -24.8/+25.8 kJ. The actual impact severity of test ET27-
32 was 313.8 kJ, a deviation of -2.6 kJ from the nominal impact severity recommended in
NCHRP Report 350. Note that for Test 3-32, Sin 0 is set to 1 in accordance with Section 3.3.1 of
Report 350.

Impact Severity = 14-M-(V-Sin 0)°
=14M-V?
=0.5-(842 kg)"(27.3 m/s)
=313.8kJ

The equivalent impact speed of an 820 kg vehicle impacting the end terminal at 15 degrees
would be 99.6 km/hr (61.9 mph).
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Figure 3.4: Sequential Photographs, as Viewed from Downstream
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Figure 3.5: Sequential Photographs, as Viewed from Traffic Side of the End Terminal
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End Terminal Damage

Figure 3.6: Post-Impact Condition of the Test Article and Vehicle

Figure 3.7: Post Test — Left Vehicle Track

ET27-32
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Figure 3.8: Post Test — Foundation Sleeve at Post 1 :

I g i

Post Test — Foundation

Figure 3.9: Ieeve at Post 2
ET27-32
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Figure 3.10: Post Test — Post 3

Figure 3.11:  Post Test — Post 4

ET27-32
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Figure 3.12:  Post Test — Post 5

Figure 3.13:  Post Test — Gated Guardrail, View from Traffic Side

ET27-32
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T = B ~ ~

Figure 3.14:  Post Test — Gated Guardrail

Figure 3.15:  Post Test — Gated Guardrail

ET27-32
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Figure 3.17:  Post Test — Extruded Guardrail Tail

ET27-32
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bl L
»

Figure 3.19:  Post Test — Gating Between Posts 2 and 3
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Figure 3.20:  Post Test — Non-Traffic Side of Extruder Head

Figure 3.21:  Post Test — Top View of Extruder Head

ET27-32
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Figure 3.23:  Post Test — Debris Field on Non-Traffic Side

Figure 3.24:  Post Test — Debris on Traffic Side

ET27-32
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igure 3.25: Post Test - Final Vehicle Location past Post 17

Figure 3.26:  Post Test Location of Anchor Cable at Post 4

ET27-32
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Figure 3.28:  Post Test — Non-Traffic Side of Extruder Head
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Figure 3.29:  Post-Impact Debris Field
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Figure 3.30:  Post est Verifcaion of Extruder Head 4

ET27-32
Test Conditions and Results — End Terminal
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Vehicle Damage

Figure 3.31:  Vehicle Post-Test Location

Figure 3.32:  Test Vehicle Path of Left Front Tire

ET27-32
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Damaged Test Vehicle — Front View Close-up -

Fguré 3.34:

ET27-32
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Figure 3.35: Damaged Test Vehicle — Left Side
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Figure 3.37:  Guide Channel at Driver Side Door During Test
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e

i SEEX }

Figure 3.42:  Post-Test — Passenger Side Floorboard
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January 23, 2015

4 ASSESSMENT OF TEST RESULTS

A comparison of the test results of Test ET27-32 against the evaluation criteria set forth in NCHRP Report 350 for Test 3-32 is provided
in Table 4.1. A summary of the test results is provided in Table 4.2.

Table 4.1: Summary of Test Evaluation Results (NCHRP Report 350 Evaluation Criteria) for Test ET27-32
Evaluation Evaluation Criteria Crash Test Result Result
Factor
C. Acceptable test article performance may be by Vehicle was decelerated in a controlled
Structural . ) )
Adequacy redlre.ctlon, control!ed penetration, or controlled manner and gat'ed through the system in a Pass
stopping of the vehicle. controlled fashion.
D. Detached elements, fragments or other debris No penetration or potential penetration of
from the test article should not penetrate or show the occupant compartment or undue hazard
potential for penetrating the occupant compartment, | presented by test article debris. See photos Pass
or present an undue hazard to other traffic, for post-test location of debris.
pedestrians, or personnel.
F. The vehicle should remain upright during and Vehicle remained stable and upright during
Occupant after collision although moderate roll, pitching and | and after the collision. Pass
Risk yawing are acceptable.
H. Occupant Impact Velocities (OIV) limits: Occupant impact velocities:
Preferred = 9 m/s Longitudinal: 8.5 m/s Pass
Maximum = 12 m/s Lateral: -1.5 m/s
L. Occupant Ridedown Acceleration (ORA) limits: | Occupant Ridedown Accelerations:
Preferred=15g Longitudinal: -4.1 g Pass
Maximum =20 g Lateral: 3.3 g
K. After collision it is preferable that the vehicle’s | See photos; vehicle path post-impact was See Note!
Vehicle trajectory not intrude into adjacent traffic lanes. on non-traffic side of the guardrail.
Trajectory | N. Vehicle trajectory behind the test article is See photos; vehicle path post-impact was
. . Pass
acceptable. on non-traffic side of the guardrail.
Note': As stated in Report 350, this criterion is preferable, but not required.
ET27-32 Page 53 of 74
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Table 4.2:

Summary of Test Results and Condltlons for Test ET27- 32

January 23, 2015

A

15 14 13 12 11 10

General Information

Impact Conditions

Extruder Head Position from Start

Test Agency | Southwest Research Institute Speed (km/hr) | 98.3 Longitudinal | 5.3 m (17.3 ft)
Test Number | ET27-32 Angle (degrees) | 15.2 Lateral | 1.1 m (3.5 ft)
Test Date | 12/17/2014 Exit Conditions Total System Deformation (Closest Point)
Test Category | 3-32 Speed (km/hr) | 58.3 Longitudinal | 3.7m {23 ft)
Test Article Angle (degrees) | 0.6 Post Impact Vehicular Behavior
Type | End Terminal Max Vehicle Rotation (degrees)
Terminal Length | 15.24 m (50 ft) Occupant Risk Values Max. Roll | 9.6 @ 0.7174 sec.
Installation Length | 47.6 m (156.25 ft) Impact Velocity (m/s) Max. Pitch | -5.8 @ 0.4457 sec.
Nom. Barrier Height | 705 mm (27.75 in) x-direction | 8.5 Max. Yaw | -147.4 @ 3.6382 sec.
Type of Primary Barrier | W-beam guardrail y-direction | -1.5 Max 50ms Moving Average Accelerations (g)
Soil Stable, Dry - “Standard” Soil Ridedown Accelerations (g) x-direction | -11.0 @ 0.2461-0.2961 sec.
Test Vehicle x-direction | 4.1 y-direction | 3.5 @ 0.3018-0.3518 sec.
Type | Small car y-direction | 3.3 z-direction | -4.9 @ 0.2705-0.3205 sec.
Designation | 820C Target Conditions
Model | 1997 Geo Metro Nominal Speed 100 km/hr (62.1 mph)
Curb Mass (kg) | 842 as received Nominal Angle 15°
Ballast Mass (kg) | 0 Tolerances
Test Inertial Mass (kg) | 842 Nominal Speed +4 km/hr
Dummy Mass (kg) | 75 Nominal Angle +1.5°
Gross Static Mass (kg) | 917

ET27-32
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3) CONCLUSIONS

The performance of the ET Plus during Test ET27-32 against Structural Adequacy, Occupant
Risk, and Vehicle Trajectory criteria specified in NCHRP Report 350 was as-follows:

Structural Adequacy

e The vehicle was decelerated in a controlled manner and gated through the system in a
controlled fashion.

Occupant Risk

e There was no penetration of the vehicle by the test article, and no deformation of the
occupant compartment resulting from the test.

e There was no undue hazard presented by test article debris outside of the immediate
impact zone; the only debris thrown from the installation included pieces of posts and
blockouts, the majority of which fell to the non-traffic side of the guardrail.

e The vehicle remained upright during and following the impact.

e The test article provided for controlled deceleration with impact velocity and
ridedown acceleration values within allowable limits.

Vehicle Trajectory
e The vehicle was decelerated in a controlled manner, gated through the system in a
controlled fashion, and came to a stop on the non-traffic side of the installation.

Based on the information provided in this report, the ET Plus End Terminal with 4-inch wide
guide channel installed with a rail height of 27%4” meets the Test Level 3, Test 3-32 criteria for
NCHRP Report 350.

ET27-32
Conclusions
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Appendix A: Test Article Drawings

ET27-32
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Appendix B: SWRI Data Sheets for Test ET27-32
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EXHIBIT D-1: Installation Checklist

Test Number: ET21-3% Test Date:; TRD

*Record the following impact head dimensions:

Dimension *Pre-Tesl

i - Measurements -
Exit Gap {middle - inside) 1.o475*
Entrance Gap {middie - outside) H,7¢50"

Guide Chute Exit Height (outside)

M
Ms" v

"Guide Chute Entrance Height {outside)

headd Stanep """ M [r004 oH

Channel Width (outside) .02 g
Channel [nsertion into Extruder oMigs” o.g38e"
0.5310" DAl S "
Outside Guide Channel Lengih u
| 3 Ve
Outside Guide Channel Length — Chute to start of swedge 35 i
Heaid length 5 i‘h n

L

Guardrail height as measured from the ground to the top of the guardrail at mid-span for
the first eight spans: v

Between post | and 2: 3% inches
Between post 2 and 3:37 %4 inches
Between post 3 and 4: 37 %M inches
Between post 4 and 5: 37 84 inches

Between post 5 and 6: 98 inches
Between post 6 and 7: 2778 inches
Between post 7 and 8:27 %% inches
Between post Band B 3% inches

R oR

(ET27 series: all heights to be greater than or equal to 27-3/4" and less than 28-
34

f. (ET31 series: all heights to be greater than 30-1/2" and less than 31-[_4';_"3/

b. Distance from the ground to the bottom of the impact face: T inches.

Distance from the ground to the top of the impael face: 4 Ve inches.

d. Soil in the area around impact area and ranout area is smooth and ﬂa@ MO (eircle

onel.
O (circle oge).
!ra inches

o

e. Backfill around the posts has been re-compacted: ES
f. Distance from the ground to the top of the first foundation tube:
{Musi be 4 inches or less). 1
g. Distance from the ground to the top of the second foundation tube: 3 l'lrE inches
{Must be 4 inches or less).
h. Bolts at the top of the foundation tubes at posts one a o are not overtightened and the
walls of the steel tube are not collapsed or deformed: MO (circle one).
i. The ET-PLUS extruder head is pushed as far as it witl go on the guardrail panel. The
guardrail extends into the extruder &k Y5 inches.

o

HIGHLY CONFIDENTIAL

A
Ayl

ET27-32

Appendix B — SWRI Data Sheets Page 62 of 74




SwWRI Document Number 18.20887.03.100.FR3, Iss. 1 January 23, 2015

j- The two bolts {top and bollom) holding the extruder head o post one are sou the
extruder channel is approximately parallel to the finished grade (i.e., level) NO
(circle one).

k. The cable anchor bracket is locked into place by pulling the bracket toward the impact
end of the unit: (ﬁE) MO (circle one). Make sure the hooks/lugs are well seatad into the
square holes on the guardrail.

. The hex nuts on the cable ends are tightened such that the cable is taur:@ NO (circle
one). The cable is taut whan it does not deflect more than 1 inch when hand pressure is
applied perpendicular to the mid-span of the cable.

m. The beari te is placed on the impact side of post 1 where the cable extends through
the post( YES/NO (circle one),

n. The cable bearing plate is oriented with the long dimensions turned up (from top of plate
to center of cable hole is 57){YES) NO (circle one),

0. Wood blockouts have been toe-nailed to the posts: v WO (circle one).

p. The CRT post top hole is located with the center of the hole approximately at the ground
line (+ 2" }:(YES NO (circle one).

q. The guardrail panels are lapped mrraclly:@ NO (circle one).

T ’
Completed by fQ&M %MM idf1s fﬂﬂ;'{

ET27-32
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Appendix C: Laboratory Statement
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SOUTHWEST RESEARCH INSTITUTE"

GER0 CULERFA AQAD TA23R-5166 = F.O.DAAWEA 28600 TE220-0610 = SAH ANTONIO, TEXAS, USA + {2150) GB4-6111 = WWW.EWRILORG

Refer to: 18.20887
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TRINITY HIGHWAY PRODUCTS LLC
2525 Stemmons Freeway
Dallas, Texas 75207
Subject: Proposal and Fixed-Price Contract for Services No. 18-73314

SwWRI® Project No. 18.20887
To Whom It May Concern:
Southwest Rescarch Institute hereby attests to the following:

« SwRI is listed on FITWA’s roster of laboratories suitable for performing NCHRP Report
350 and MASH crash tests.

+ SwRI is currently IS0 17025 accredited by A2ZLA to perform NCHRP Report 350 and
MASH crash tests (Testing Laboratory Certificate 1110.02).

s SwRI has not previously conducted crash testing ot the ET-Plus End Terminal system.

#  SwRI does not own inlellectual property and does not receive toyalty-related revenue
associated with any of the roadside safety hardware involved in this test program or any
guardrail terminal products competing with the ET-Plus End Terminal systeim.

+ SwRI is financially independent from Trinity Highway Products and the Texas
Transportation Institute (TTI) at Texas A&M University.

I, R. B. Kalmbach, Executive Director of Contracts, certify on behalf of Southwest Research
Institute that the above representations are current, accurale and complete as of the date of this
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21(1/522-3559, or email marv.lepel@swri.org.
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E. B. Kalmbach
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LABORATORY COMPACTION CHARACTERISTICS OF SOIL REPORT

LABORATORY COMPAG Terracon

Service Date:  12/03/14 6911 Blanco Road
Report Date: 121014 San Antonie, TX 78216-6164
210-641-2117 RegNo:F-3272
Client Project
Southwest Research Institute Southwest Research Institute-Moisture Testing
Atin: Jenny Ferren 6220 Culebra Rd
6220 Culebra Foad San Antonio, TX

San Antonio, TX 78228
Project Number 90141414

Material Information Sample Information
Source of Material: Project Site Sample Date: 1210314
Proposed Use: Fill Sampled By: Benjamin Butler

Sample Location: Project Site

Sample Description: Cmshed Limestone

Laboratory Test Data Result Specifications
Test Procedure: ASTM D698 Licpid T drmit: 2
Test Method: Method C Plastic Limit: 13
Sample Preparation: Wet Plasticity Index: 9
Rammer Type: Mechanical In-Place Moisture (%0):
USCS:
O‘Hm'ig;;ﬁdes (%0): éqéj Zero AirVioids Curvefor Assumed Specific
Moisture : 4 Gravity 2.70
Sieve for Oversize Fraction: 3/4 = Ez
g 131 /a-l'-\.. \:\\
Assumed Bulk Specific Gravity : = A N
of Oversized Particles: 7 i = _rf \'\
Corrected for Oversized Particles (ASTM D4718) = =
Maxitmun Dry Unit Weight (pcf):  131.4 5 = S <
Optimum Water Content (%0): 9.1 E o= i
Il ]j? ] = E 8 7 i3 9 10 ol 2 12 14
Maxirmmm Dry Unit Weight (pef): 126.6 Water Cantent (%]
i Water Content (%0): 10.2
Comments:

Services:  Obtain a sample of treated subgrade at the project site and return itto the laboratory. Prepare and test the sample for
moisture-density relationship and plasticity index
Terracon Rep.: Benjanun Butler

Reported To:

Contractor:

Report Distribution:
(1) Southwest Research Instinute, (1) Temzcon Consultants, Inc.,
Jenoy femen g swTiorg dejacobspitemacon com

Reviewed By: QQML( < qj..a_m_..--‘-.

Damel E. Jacobs
Sentor Project Manager

Test Methods: ASTM

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 o the actual samples tested at the location(s) referenced and are not necessarily indicative of the properties of other apparently

similar or identical materials.
CRO0E, 10-16-13, e T Pagelofl

ET27-32

Appendix E - Soil Test Data Page 72 of 74




SwWRI Document Number 18.20887.03.100.FR3, Iss. 1 January 23, 2015

LABORATORY COMPACTION CHARACTERISTICS OF SOIL REPORT

Report Number: 90141414 0001 1 rerra cnn

Service Date: 12/03/14 G911 Blanco Foad
Report Date: 1210714 San Antonio, TX 78216-6164
210-641-2112 Feg No: F-3272
Client Project
Southwest Research Institute Southwest Research Institute-Moisture Testing
Attm: Jenny Ferren 6220 Culebra Bd
6220 Culebra Foad San Antonio, TX

San Antonio, TX 78228
Project Number: 90141414

SIEVE ANALYSIS
TXDOT Item 247.2
Sieve Size | % Retained | ipeA Gradel
Specifications
%4 Retained
1% 0 0-10
78 11 —
3/8 35 —
#4 50 45-75
#40 75 60-85
#200 84

Remarks: The indicated laboratory tests were performed in general accordance with applicable ASTM
standards unless otherwise noted. All test results meet the reference specification requirements
unless noted by an asterisk *.

Services: Obtain a sample of treated subgrade at the project site and retum itto the laboratory. Prepare and test the sample for
moisture-density relationship and plasticity index.
Terracon Rep.: Benjamn Butler

Reported To:

Contractor:

Report Distribution:

{1} Sewtharest Kosoarch [nstihuts, {1} Terracom Consubtants, Inc.,

i - farmandEswTi.og dejacebsiTtamaconcom ! }

= ' Reviewed By: ; Aemas (; < q;:_q_,.-d-.

Daniel 2 Jacobs

Senior Project Manager

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 abowve and shall not be reproduced except in full without the written consent of cur company. Test results transmitted herein are only applicable o

the actual samples tested at the location(s) referenced and are not necessarily indicative of the properties of other apparently similar or identical materials.
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FIELD DENSITY TEST REPORT

Report Number: 90141414.0007 1 rerracun

Service Date: 121714 6911 Blanco Road
Report Date: 12/18/14 San Antomo, TX 78216-6164
Task: 210-641-2112 Reg No: F-3272
Client Project

Southwest Research Instiute Southwest Research Institute-Moisture Testing

Attn: Jenny Ferren 6220 Culebra Bd

6220 Culebra Foad San Antonio, TX

San Antonio, TX 78228
Project Number: 90141414

Material Information Lab Test Data Project Requirements
Optimumn
Water  Maz. Lab  Water
Mat. Proctor Labaoratory Content  Densitv  Content Compaction
No. Fef. No. Classification and Description Test Method (%) (pef) (%) (%)
1 90141414.0001  Crushed Limestone ASTM D698 01 1314 10%: Max. NiA
Field Test Data Probe Wet Warter Water Dry Percent
Test Lift / Mat. Depth  Density Content  Content Density  Compaction
No. Test Location Elev. No. {in} (pcf) (pcf) (%) (pef) (%)
Head 84
1 Test Hole 1 1 6 139.0 8.0 6.1 131.0 907
2 Post #2 1 1 6 1368 g5 6.6 1283 97.6
3 Post #3 1 1 6 130.6 g2 6.7 1224 932
4 Post #4 1 1 6 131.6 87 i1 129 933
Datum: Serial No:

Comments:  Test and’or retest results on this report meet project requivements as noted above,

Services: Perform in-place density and moisture content tests to determune degree of compaction and material moisture
conditien.

Terracon Rep.: Daniel Alanis

Reported To:

Contractor: Q

Report Distribution: . \ (7
il?&uuﬂm‘nst Easaarch Instismbs, {1) Tarmacon Comsmltants, Inc Reviewed B": - ’Iam_,l_(: -;— 1“&""-‘"‘_
Jeamry. farmenEswTiorg dejacobsEtemacon.con Dianiel E/Tacobs

Senmor Project Manager
Test Methods: * ASTM Dg938

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 abowve and shall not be reproduced except in full without the written consent of our company.  Test results tramsmitted hersin are only applicable to the
actual samples tested at the location{s) referenced and are not mecessarily indicative of the properties of other apparently similar or identical materials.
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Below is a table documenting the various changes recorded in this report. Each issuance of the
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1 INTRODUCTION

The purpose of Crash Test ET27-30 was to evaluate the performance of the Trinity Highway
Products ET Plus End Terminal with 4-inch wide guide channel installed with a rail height of
27%”. To test the performance of this terminal, Test 3-30 was conducted according to National
Cooperative Highway Research Program (NCHRP), Report 350. The total system installation
length for the test was nominally 47.6 m (156°-3”), including the 15.2 m (50 ft) ET Plus terminal
length.

Test 3-30 is intended primarily to evaluate occupant risk and vehicle trajectory criteria. The test
consists of an 820 kg vehicle approaching parallel to the roadway (0 degree angle) and impacting
the end terminal at 100 km/hr (62.1 mph). The vehicle impacts the end terminal to the left or
right of the vehicle’s centerline, with the offset being equal to a quarter of the vehicle’s width.

Crash Test ET27-30 was conducted on January 6, 2015, at the Crash Test Site at Southwest
Research Institute (SWRI) by SwRI personnel. This report presents information on the test

parameters, a discussion of the test, and an assessment of the test results based on the criteria set
forth in NCHRP Report 350.

ET27-30
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2 TEST PARAMETERS

Test Facility

The full-scale crash testing was performed by Southwest Research Institute (SwRI), on the
campus located at the following address:

Southwest Research Institute

6220 Culebra Road

San Antonio, Texas 78238

SwRI is ISO/IEC 17025 accredited by A2LA (American Association for Laboratory
Accreditation) to perform this testing under Testing Laboratory Certificate #1110.02.

Test Article — Design and Construction

The full-scale crash test was performed on the ET Plus End Terminal which included the ET Plus
extruder head with 4-inch wide guide channel and W-Beam guardrail installed with a rail height
of 27%”. The ET Plus End Terminal installation tested uses standard AASHTO M180 Type 2,
12-gauge, 12°-6” W-Beam guardrail panels mounted with the top of the rail 27% inches above
the ground, two wooden breakaway posts in foundation sleeves without soil plates at Posts 1 and
2, and CRT posts at Posts 3 through 8.

During installation, holes approximately 2' in diameter were drilled into the soil and then
backfilled around the posts using "standard soil" as defined by NCHRP Report 350, Section
2.2.1.1. The base material was compacted in 15 cm (6 in) lifts, and was added until the surface
was flush with the surrounding soil.

The guardrail line posts are 6” x 8” wood posts with 6” x 8 wood blockouts. The blockouts are
toenailed, and the guardrail panels are mounted to the posts using 5/8”¢ post bolts beginning
with Post 2; the bolt for Post 2 is 10” long, and all other post bolts are 18” long. The post
spacing is 6°-3”, and each splice joint used eight (8) 5/8”¢ x 1-1/4” splice bolts and nuts; the
splice bolts have a nominal total length of 1-5/8” including the bolt head. The installation uses
3/4”¢ x 10” bolts through the soil tube, post, and strut at Post 1 and Post 2. An anchor cable is
also installed at Post 1. The installation has guardrail splices at each odd-numbered post starting
with Post 3.

The total system installation length for the test was nominally 156°-3” (47.6 m), including the 50
ft (15.2 m) ET Plus terminal length, 81°-3” (24.8 m) of guardrail, and a 25’ (7.6 m) downstream
terminal anchor section that included a turndown guardrail anchor spliced at Post 22 and
mounted to a concrete footing. Detailed drawings of the test article provided by Trinity Highway
Products are provided in Appendix A.

The ET Plus end terminal extruder head was one of eight production samples CalTrans
(California DOT) pulled from their inventory for testing at SWRI. The heads were inspected by
CalTrans, FHWA, and Trinity Highway Products personnel at the CalTrans yard, and were
stamped with identifiers “Kit #1” through “Kit #8”. SwRI arranged for shipment of the heads to
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the test site in San Antonio, and the heads remained in controlled storage until they were
installed for testing. The dimensions of the specific ET Plus end terminal extruder head used for
Test ET27-30 are provided in Table 2.1 below; dimensions measured with a tape measure are
listed in fractional inches, and dimensions measured with a digital caliper are listed as decimals.
Copies of the datasheets reviewed by representatives from the FHWA, US DOT and various
state Departments of Transportation (DOT) prior to testing are located in Appendix B.

The performance goal for the ET Plus is to achieve controlled vehicle deceleration in compliance
with NCHRP Report 350 criteria for post-impact vehicle trajectory and occupant risk. Figure 2.1
through Figure 2.18 present photographs of the guardrail installation.

Table 2.1: Key ET Plus Head Dimensions

Extruder Head Stamp ID 3

Exit Gap 1.1395”
Entrance Gap 4.7590”
Guide Chute Exit Height 15-1/16”
Guide Chute Entrance Height 14-1/2”
Channel Width (see Figure 2.2) 4.0305”

- _.;._.-". & - o X ?i_
Figure 2.1: ET Plus

Heéd éahple Identification Number

Figure 2.2: Measurement of Channel Width of Head
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Figure 2.3: Test Installation for ET Plus Test ET27-30

Figure 2.4: ET Plus End Terminal

ET27-30
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Figure 2.5: ET Plus Head Height Above Grou— Top

g e

Figure 2.6: ETP

lus Head Height Above Ground — Bottom
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Figure 2.7: Measurement of Guardrail Installation Height
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Figue 2.8: T Plus Had andAnchor Cablesse
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Figure 2.9: End Terminal nchor Cable Mount - Post 1
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Figure 2.10: End Terminal Cable Anchor
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Figure 2.11:  First Guardrail Panel Splice Joint — Traffic Side (Splice Bolts Painted for Visibility
in Video)

Figure 2.12:  First Guardrail Panel Splice Joint — Non-Traffic Side

ET27-30
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Figure 2.13:  ET Plus Head and Post 1 — Traffic Side
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Figure 2.14:  ET Plus Head and Post 1 — Non-Traffic Side
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Figure 2.15:  End Terminal Head with Posts 1 & 2 and Strut

o - . 4 F
' st S s

. _.‘r' - LA | : e a7 4 3 .
Figure 2.16: ET Plus Head Extruder EXxit (see Appendix B for Dimensions)
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Figure 2.17:  Post 22 Immediately Preceding Downstream Turndown Anchor

Figure 2.18:  Downstream Turndown Anchor
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Test Vehicle

The test vehicle was a 1999 Geo Metro, shown in Figure 2.19; the vehicle data sheet is provided
in Appendix B. Figure 2.20 shows the relationship between the height of the vehicle bumper and
the end terminal. Figure 2.21 shows the test vehicle positioned at the impact point of the end
terminal, and Figure 2.22 shows an overhead view of the test vehicle positioned at the intended
crash angle of 0° and an offset equal to a quarter of the vehicle width.

A 75 kg (165 lbs) anthropometric dummy was utilized for this test, and was placed in the
passenger seat as shown in Figure 2.23 to contribute to the vehicle’s post-impact instability as
specified in NCHRP Report 350. Ballast mass totaling 18.1 kg (40 1bs) was added to the vehicle,
and was bolted to the passenger floorboard as shown in Figure 2.24.

The test inertial mass of the vehicle, including the added ballast weight, was 796 kg (1,755 1bs)
as reflected in Table 4.2. Note that the test inertial mass does not include the weight of the
anthropometric dummy.

- v ! s i

Figure 2.-19: Test Vehiéle for Tést ET27—30 |
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5

Figure2.20: Test éhicle Bupe eg

Figure 2.21:  Test Vehicle Impacf Trajec'tory'{ -
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Figure 2.22:  Test Vehicle Impact Trjectory — Overhead View
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Figure 2.23:  Test Dummy Positioned in Driver Seat
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Figure 2.24:  Ballast Mass
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Test Vehicle Guidance

The test vehicle was towed into the end terminal using a tow vehicle and a series of pulleys and
sheaves. A steel cable was attached to a quick-release pin under the front of the vehicle and was
passed around a sheave and secured to the rear of a tow vehicle. The tow vehicle was equipped
with an adjustable ignition restrictor that attenuated the tow vehicle’s engine RPM when a pre-
set speed was attained. The test vehicle was guided by means of a taught steel cable attached to
a sliding shoe which was attached to the front spindle of the test vehicle shown in Figure 2.25.
Just prior to impact, the sliding shoe and tow cable were stripped from the vehicle allowing the
test vehicle to free wheel into the end terminal.

| e ———
e y

k

Vi 1

Figure 2.25:  Test Vehicle Steering Guidance Assembly

TR
YRR

Test Vehicle Data Acquisition

The data acquisition consisted of recording the acceleration and angular velocities of the test
vehicle. The measurement of these two parameters allows SwRI engineers to perform an
occupant risk evaluation. The device used to record the vehicle acceleration and angular
velocities was a six (6) degree-of-freedom Instrumented Sensor Technology Electronic Data
Recorder, henceforth referred to as the EDR-4.

The EDR-4 recorder unit is a compact package used for stand-alone recording of shock and
vibration, and is able to record six channels of data. The three acceleration channels were
recorded from a built-in triaxial accelerometer used to record the test vehicle’s accelerations in
three orthogonal directions (X, y, and z). The three angular velocity channels were recorded from

ET27-30
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built-in rate gyro transducers used to record the test vehicle’s angular velocities in three
orthogonal directions (roll, pitch, and yaw).

The data acquisition package was rigidly attached to the test vehicle. A metal bracket was
welded onto the test vehicle’s body. This bracket was attached inside the passenger
compartment of the vehicle, as close as possible to the vehicle’s center of gravity, without
significantly modifying the vehicle’s interior components (i.e., center console, bench seats). The
data acquisition package was then bolted to the metal bracket as shown in Figure 2.26 and Figure
2.27. Because of the configuration of the EDR-4 as manufactured, the orientation of the data
acquisition package within the vehicle matches the general axis designation given in Figure 4.6
of NCHRP Report 350, but the signs for the Y and Z axes had to be reversed during post-test
processing to comply with the NCHRP and TRAP sign convention.

P

Figure 2.26: EDR Mounted in Test Vehicle for Test ET27-30
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Figure 2.27: CI

g

ose-up of EDR Mounted in Vehicle

The sign convention used for data processing is as follows:

Table 2.2: Sign Convention for Vehicle Motion

January 23, 2015

X:

Positive in the normal forward motion direction

Y:

Positive toward the right

Z.

Positive vertically downward

ROLL:

Positive using right hand rule about +X direction

PITCH:

Positive using right hand rule about +Y direction

YAW:

Positive using right hand rule about +Z direction

The EDR-4 data recorder unit was configured with a sample rate of 2944 samples per second
(per channel), and with a low pass filter setting of 300 Hz. After the data had been downloaded
from the data acquisition package, the data was processed using Test Risk Assessment Program
(TRAP) Version 2.3.11, (Texas A&M Transportation Institute and Capsher Technology, Inc.).
The TRAP program was designed to determine the effectiveness of a roadside safety feature by
analyzing data from a vehicle crash test of the feature and calculating standardized occupant risk
factors. TRAP calculates occupant risk factors in accordance with the NCHRP Report 350

guidelines.
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Soil Conditions

The soil complied with the NCHRP Report 350 “Standard Soil” as described in the Test Article —
Design and Construction section of this report. The day prior to testing, soil moisture content
was measured by a certified environmental engineering firm. The maximum moisture content
measured was 6.9% at a location behind Post 2. There was no rainfall between when the
moisture reading was taken and when the testing was conducted. Detailed results of the soil
testing and moisture content evaluation are provided in Appendix E.

Calibrated Test Equipment

Test equipment used to perform the tests and acquire data during this testing program is listed in
the table below.

Table 2.3: Equipment Used During Testing
Description Manufacturer Model Asset No. Due Date'
Data Recorder IST EDR-4-6DOF-200 S/N 40048 2/5/15
Wheel Scales Longacre 72634 015238 11/5/15
Measuring Tape Stanley 33-725 015324 11/7/15
Caliper Starrett 721 020504 3/18/15
Speed Trap DAQ NI USB-6008 S/N 14D4376 8/27/15

"Unless otherwise specified, all equipment is calibrated or verified on an annual basis.

Test Observers
Representatives from the following organizations were among those present at the SWRI Crash
Test Site and observed Test ET27-30 on January 6, 2015:

e Federal Highway Administration (FHWA)

e New Hampshire DOT (AASHTO Representative)

e Virginia DOT

e Texas DOT

Observers from FHWA and AASHTO were permitted to visually inspect and measure the ET
Plus installation before and after the test. All other observers were allowed to visually inspect
the ET Plus installation and the test vehicle following the test.
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3 TEST CONDITIONS AND RESULTS

Test Description

The purpose of Test ET27-30 was to evaluate the performance of Trinity Highway Products ET
Plus End Terminal with 4-inch wide guide channel installed with a rail height of 27%4”. To test
the performance of this terminal, Test 3-30 was conducted according to NCHRP Report 350. The
test installation length for the test was 156°-3” (47.6 m), and the terminal length was 15.2 m (50
ft).

Test 3-30 is intended primarily to evaluate occupant risk and vehicle trajectory criteria. The test
consists of an 820 kg vehicle approaching parallel to the roadway (0 degree angle) and impacting
the end terminal at 100 km/hr (62.1 mph). The vehicle impacts the end terminal to the left or
right of the vehicle’s centerline, with the offset being equal to a quarter of the vehicle’s width.
NCHRP Report 350 states that the vehicle should be offset to the most critical side that will
result in the greatest occupant risk during and following the impact, and that a surrogate
passenger should be positioned in either the driver's seat or the passenger's seat, whichever
position contributes most to the vehicle's post-impact instability. For Test ET27-30, the vehicle
was offset towards the traffic side, which maximizes the off-center forces caused by the vehicle
striking off-set downstream posts; this creates a worst-case vehicle yawing condition to the
traffic side of the system. To further contribute to the vehicle’s post-impact instability, the
restrained anthropometric dummy was positioned in the driver’s seat. The test configuration is
shown in Figure 3.1, which is from Figure 3.2 of NCHRP Report 350.

TERMINAL OR CRASH CUSHION LENGTH [

[ [ T
RS (S—— SN S—————— -
IR I BN OO . 1 A
S —q
coa o2 _l_

NORMAL DIRECTION
OF TRAFFIC

0 DEG.
OFFSET = W/4

g =
Y =
IEST NO 30
Figure 3.1: Impact Configuration [from Figure 3.2 of NCHRP Report 350]

The weather on the day of the test was mostly sunny, with temperatures ranging from 34-64°F.
The temperature at the time of the test was approximately 52°F. The soil was dry as discussed in
the Soil Conditions section of this report.
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Impact Description/Vehicle Behavior

Figure 3.2 is an overhead photograph showing the post-test condition and location of the test
article and test vehicle. Figure 3.3 through Figure 3.5 show that the test vehicle impacted the end
terminal at a nominal 0° angle. The impact velocity of the test as measured by SwRI's speed trap
system and verified by high-speed film analysis was determined to be 102.5 km/hr (63.7 mph).
As a result of the test, the ET Plus extruder head moved 5.5 m (18.0 ft) longitudinally
(downstream) and 0.7 m (2.2 ft) laterally as measured from its as-installed position. The total
system deformation (i.e. longitudinal distance to closest point) measured after the impact was 5.5
m (18.0 ft) from the initial point of contact.

After the impact event, the ET Plus extruder head stroked along the guardrail, extruding
approximately 18 feet of guardrail including the first splice at Post 3. When the guide channel
entrance end of the head was nearly to Post 4, the guardrail began to bend, and the vehicle began
a lateral clockwise spin due to the quarter-offset impact and asymmetrical mass due to the
dummy positioned in the driver seat. The front hood separated from the vehicle at the start of the
spin and fell to the ground near where the ET Plus head stopped its stroke. The front bumper
cover became disconnected on the driver side and swung around during the spin, but remained
attached at the passenger side. Once the vehicle began to rotate, it spun nearly 180 degrees in a
pivot about Post 4, and then reversed the spin slightly until it came to rest facing in the direction
generally opposite of its pre-impact trajectory, and at an angle of approximately 45 degrees.
After the vehicle came to rest, the perpendicular distance between the guardrail and the front left
wheel was 1197, and the distance to the rear wheel was 175”. The vehicle was not operable after
the test.

The ET Plus extruder head directly contacted and sheared-off Posts 1 through 3, and damaged
Post 4 and the attached blockout at the end of the stroke. Although Post 5 appeared undamaged,
there was twisting and cracking of the Post 5 blockout due to relative longitudinal motion of the
guardrail panel. All posts and blockouts downstream of Post 5 appeared unaffected, and no
appreciable movement of the downstream turndown anchor was observed. Additionally, the
anchor cable at Post 1 broke free of the installation and came to rest near Post 4. The extruded
portion of the guardrail came to rest parallel to the installation on the non-traffic side. There was
no penetration of the vehicle by the test article, and there was no deformation of the occupant
compartment resulting from the test. The only debris thrown from the installation as a result of
the impact included pieces of posts and blockouts from the first three posts; the majority of the
debris fell to the non-traffic side of the guardrail. There was no significant deformation of the 4”
guide channels as a result of the impact, and they remained attached to the impact head.

The test vehicle experienced a maximum 50 millisecond moving average acceleration of -11.0g
in the longitudinal direction, 2.6g in the lateral direction, and -2.7g in the vertical direction. The
impact velocities and ridedown accelerations were below the preferred limits and well below the
maximum limits listed in NCHRP Report 350.
e Occupant risk impact velocities were 7.5 m/s in the longitudinal direction, and 0.4 m/s in
the lateral direction.
e Occupant risk ridedown accelerations were -14.0g in the longitudinal direction, and 6.8g
in the lateral direction.
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The following sections provide photographs of the post-impact condition of the test article as
well as the vehicle. Table 4.2 presents a summary of the onboard data, and plots of the
accelerometer and angular velocity transducers are provided in Appendix D.

R P WY LR e 277 7 2 o A 5 ST s e WP T T ) L ORI -

Figure 3.2: Post-Impact Condition of the Test Article and Vehicle
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Impact Severity

NCHRP Report 350 states that the recommended impact severity for Test Level 3, Test 3-30 is
316.4 kJ, with a suggested tolerance of -24.8/+25.8 kJ. The actual impact severity of test ET27-
30 was 323.3 kJ, a deviation of +6.9 kJ from the nominal impact severity recommended in
NCHRP Report 350. Note that for Test 3-30, Sin 0 is set to 1 in accordance with Section 3.3.1 of
Report 350.

Impact Severity = 14-M-(V-Sin 0)°
=14M-V?
=0.5(796 kg)*(28.5 m/s)
=3233kJ

The equivalent impact speed of an 820 kg vehicle impacting the end terminal at 0 degrees would
be 101.1 km/hr (62.8 mph).
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Time = 0.300 seconds Time = 0.350 seconds Time = 0.400 seconds
Figure 3.3: Sequential Photographs, as Viewed from Overhead
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Tie =0.350 seconds Time = 0.400 seconds
Figure 3.4: Sequential Photographs, as Viewed from Downstream
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Time = 0.050 seconds | Time = 0.100 seconds

Time = 0.150 seconds Time = 0.200 seconds | Time = 0.250 seconds

Time = 0.300 seconds Time = 0.350 seconds | Time = 0.400 seconds
Figure 3.5: Sequential Photographs, as Viewed from Non Traffic Side of the End Terminal
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End Terminal Damage

Figure 3.6: Post Test d View of Extruder Head
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Figure 3.7: Post Test — Foundation Sleeves at ts 1 and '

Post Test - udation Sleeve at Post

Figure 3.8:
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Figure 3.: . Post st — Post 3 and Etrder ead N
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Figure 3.11:  Post Test — End View of Extruder Head Impact Plate

Figure 3.12:  Post Test — Upstream View of Extruder Head
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Figure 3.13:  Post Test — Traffic Side View of Extruder Head
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Figure 3.16:  Post Test — Non-Traffic Side of Post 4
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Post Test — Extruded Guardrail Splice

e

Figure .18:'
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Figure 3.19:  Post Test — Extruded Guardrail Splice

Figure 3.20:  Post Test — Extruded Guardrail Splice
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-i..__'..ii" :
Post Test — Upstream View of Post 4

igure 3.21:

O

Figure 3.22:

Post Test — Upstream of Posts 4,5 and 6
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Figure 3.23: Post Test — Extruded Guardrail Coil and Post Debris

Figure 3.24:  Post Test — Traffic Side View of Extruder Head
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Figure 3.25:  Post Test Location of Anchor Cable
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Post Test - Breakaay Posts 1 and 2
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Figure 3.28:  Extruder Head Post Test — Non-Traffic Side
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Vehicle Damage

Figure 3.29:  Vehicle Post Test Location

Figure 3.30:  Test Vehicle Path of Left Front Tire (Orange Pint)
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Figure 3.31: Damaged Test Vehicle — Front View
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Figure 3.32:  Damaged Test Vehicle - F
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gure3.34:  Damaged Test Vehicle - Right Side
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Figure 3.35:  Damaged Test Vehicle — Front Hood

e

igure 3.36:  Post-Test — Occupant Compartment
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Figure 3.37:  Post-Test — Driver Side Floorboard

Figure 3.38:  Post-Test — Passenger Side Floorboard
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4 ASSESSMENT OF TEST RESULTS

A comparison of the test results of Test ET27-30 against the evaluation criteria set forth in NCHRP Report 350 for Test 3-30 is provided
in Table 4.1. A summary of the test results is provided in Table 4.2.

Table 4.1: Summary of Test Evaluation Results (NCHRP Report 350 Evaluation Criteria) for Test ET27-30
Evaluation Evaluation Criteria Crash Test Result Result
Factor
C. Acceptable test article performance may be by Vehicle was decelerated in a controlled
Structural Y .
redirection, controlled penetration, or controlled manner. Pass
Adequacy . .
stopping of the vehicle.
D. Detached elements, fragments or other debris No penetration or potential penetration of
from the test article should not penetrate or show the occupant compartment or undue hazard
potential for penetrating the occupant compartment, | presented by test article debris. See photos Pass
or present an undue hazard to other traffic, for post-test location of debris.
pedestrians, or personnel.
F. The vehicle should remain upright during and Vehicle remained stable and upright during
Occupant after collision although moderate roll, pitching and | and after the collision. Pass
Risk yawing are acceptable.
H. Occupant Impact Velocities (OIV) limits: Occupant impact velocities:
Preferred = 9 m/s Longitudinal: 7.5 m/s Pass
Maximum = 12 m/s Lateral: 0.4 m/s
L. Occupant Ridedown Acceleration (ORA) limits: | Occupant Ridedown Accelerations:
Preferred=15g Longitudinal: -14.0 g Pass
Maximum =20 g Lateral: 6.8 g
K. After collision it is preferable that the vehicle’s | See photos; vehicle path post-impact was See Note!
Vehicle trajectory not intrude into adjacent traffic lanes. on traffic side of the guardrail.
Trajectory | N. Vehicle trajectory behind the test article is See photos; vehicle path post-impact was
; . Pass
acceptable. on traffic side of the guardrail.

Note': As stated in Report 350, this criterion is preferable, but not required.

Note’: The design of Test 3-30 of Report 350 will cause the test vehicle to spin-out on the traffic side of the installation when the vehicle is initially offset
towards the traffic side.
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_ Tgble 4.2:_

=

Summary of Test Resylts and Conditions for Test ET27-30

= s

20 feet

| 28

feet

General Information

Impact Conditions

Extruder Head Position from Start

Test Agency | Southwest Research Institute Speed (km/hr) | 102.5 Longitudinal | 5.5 m (18.0 ft)
Test Number | ET27-30 Angle (degrees) | 0.1 Lateral | 0.7 m (2.2 ft)
Test Date | 01/06/2015 Exit Conditions Total System Deformation (Closest Point)
Test Category | 3-30 Speed (km/hr) | N/A Longitudinal | 5.5m (18.0 ft)
Test Article Angle (degrees) | N/A Post Impact Vehicular Behavior
Type | End Terminal Max Vehicle Rotation (degrees)
Terminal Length | 15.24 m (50 ft) Occupant Risk Values Max. Roll | -5.4 @ 0.8519 sec.
Installation Length | 47.6 m (156.25 ft) Impact Velocity (m/s) Max. Pitch | -5.4 @ 0.6613 sec.
Nom. Barrier Height | 705 mm (27.75 in) x-direction | 7.5 Max. Yaw | 167.7 @ 1.8862 sec.
Type of Primary Barrier | W-beam guardrail y-direction | 0.4 Max 50ms Moving Average Accelerations (g)
Soil Stable, Dry - “Standard” Soil Ridedown Accelerations (g) x-direction | -11.0 @ 0.2155-0.2655 sec.
Test Vehicle x-direction | -14.0 y-direction | 2.6 @ 0.6489-0.6989 sec.
Type | Small car y-direction | 6.8 z-direction | -2.7 @ 0.2444-0.2944 sec.
Designation | 820C Target Conditions
Model | 1999 Chevrolet Metro Nominal Speed 100 km/hr (62.1 mph)
Curb Mass (kg) | 778 as received Nominal Angle 0°
Ballast Mass (kg) | 18 Tolerances
Test Inertial Mass (kg) | 796 Nominal Speed +4 km/hr
Dummy Mass (kg) | 75 Nominal Angle +1.5°
Gross Static Mass (kg) | 871
ET27-30
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3) CONCLUSIONS

The performance of the ET Plus during Test ET27-30 against Structural Adequacy, Occupant
Risk, and Vehicle Trajectory criteria specified in NCHRP Report 350 was as-follows:

Structural Adequacy
e The vehicle was decelerated in a controlled manner.

Occupant Risk

e There was no penetration of the vehicle by the test article, and no deformation of the
occupant compartment resulting from the test.

e There was no undue hazard presented by test article debris outside of the immediate
impact zone; the only debris thrown from the installation included pieces of posts and
blockouts, the majority of which fell to the non-traffic side of the guardrail.

e The vehicle remained upright during and following the impact.

e The test article provided for controlled deceleration with impact velocity and
ridedown acceleration values within allowable limits.

Vehicle Trajectory

e The vehicle was decelerated in a controlled manner and came to a stop on the traffic
side of the installation.

e The vehicle was offset towards the traffic side of the installation as described in the
Test Description section of this report; while this configuration was selected to
maximize occupant risk as directed in NCHRP Report 350, it is widely recognized
that vehicle trajectory and final resting position of the vehicle in Test 3-30 are prone
to be in the adjacent travel lane.

Based on the information provided in this report, the ET Plus End Terminal with 4-inch wide
guide channel installed with a rail height of 27%4” meets the Test Level 3, Test 3-30 criteria for
NCHRP Report 350.

ET27-30
Conclusions
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EXHIBIT D-1; Installation Checklist

Test Mumber:

ETa7-3o Test Date: TBD -

*Record the following impact head dimensions:

p

2

HIGHLY CONFIDENTIAL q&yn

head stup "3° 13fif20  OH

Dimension *Pre-Test
Measurements

Exit Gap {middle - inside) 11395 I/‘_

Entrance Gap (middie - outside) 411890 1]

Guide Chute Exit Height {outside) .[5- Ht. p /"

Guide Chute Entrance Height (owside) Iq 5 il l./
Channel Widih (outside) 4odes "

Channel Insertion into Extruder 0.4060"  O0.Hie0™

a.5400" p.agle" -

COutside Guide Channel Length 36' sl'fi n

Outside Guide Channel Length — Chute to start of swedge 15 !fg " v/

Head length 1A L}r‘s ]

Guardrail height as measured from thg‘ground to the top of the guardrail at mid-span for
the first eight spans: u./e
Between post | and 2:_o% inches

Between post 2 and 3; binches %

Between post 3 and 4:)& inches Between post 7 and 8: inches
Between post4 and 5:_9%  inches Between post 8 and 9:_3 8 inches
(ET27 senies: all heights to be greater than or equal to 27-3/4" and less than 28-
347

Between post 5 and 6:_#3 _ inches

Between post 6 and ?:_g 841 inches

RO o R

f. (ET31 series: all heights to be greater than 30-1/2" and less thap31-1/27)
b. Distance from the ground to the bottom of the impact face: inches.
15

Distance from the ground to the top of the impact face: /_inches.
Soil in the area around impact area and runout area is smooth and flat: @ NO (circle
one).
Backfill around the posts has been re- compacre@ NG [cm:le /
Distance from the ground to the top of the first foundation tube: 3'\ mch
{Must be 4 inches or less).
Distance from the ground to the top of the second foundation tube: 2 Ya 1nches
{(Must be 4 inches or less).
Bolts at the top of the foundation tubes at posts one and two are not overtightened and the
walls of the steel ube are not collapsed or deformed NO (circle one).
The ET-PLUS extruder head is pushed as far as it will go on the guardrail panel. The
guardrail extends into the extruder _l ﬁ _inches.

Son koA

ET27-30
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j. The two bolts (top and bottom) holding the extruder head to post one are snug_and the
extruder channel is approximately parallel to the finished grade (i.e., level 5) NO
(circle one).

k. The cable anchor bracket is locked into place by pulling the bracket toward the impact
end of the unit:@ENl} {circle one). Make sure the hooks/lugs are well seated into the
square holes on the guardrail.

I.  The hex nuts on the cable ends are tightened such that the cable is tautCYES NO (circle
one). The cable is taut when it does not deflect more than 1 inch when hand pressure is
applied perpendicular to the mid-span of the cable.

m. The beari ate is placed on the impact side of post | where the cable extends through
the pnstdﬁ %g “NO (circle one).

n. The cable bearing plate is oriented with the long dimensions turned up (from top of plate
to center of cable hole is 5"‘@1\’0 (circle one).

0. Wood blockouts have been toe-nailed to the pnsts@ MO (eircle one).

p. The CRT post top hole is located with the center of the hole approximately at the ground
line (& 2" J@ MO (circle one).

g. The guardrail panels are lapped correct[y@ MO (circle one).

Completad hy: %&M 13/ faord

ET27-30
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SOUTHWEST RESEARCH INSTITUTE"

BER0 CULERA FOAD FAZ3R-516E + F.O. DAAWER 25600 TEZ2A-0610 + SAN ANTONIO. TEXAS, USA + {210) 884-6F11 » WWW.EWRLORG

Refer to: 18.20887
January 15, 2015

TRINITY HIGHWAY PRODUCTS LLC
2525 Stemmons Freeway
Drallas, Texas 75207

Subject: Proposal and Fixed-Price Contract for Services No. 18-73314
SwWRIH Project No. 18.20887

To Whom It May Concern:
Southwest Rescarch Institute hereby attests to the following:

*  SwRI is listed on FITWA’s roster of laboratories suitable for performing NCHRP Report
350 and MASH crash tests.

+ SwRI is currently ISO 17025 accredited by A2LA to perform NCHRP Report 350 and
MASH crash tests (Testing Lahoratory Certificate 1110.02).

s SwRI has not previously conducted crash testing ot the ET-Plus End Terminal system.

& SwRI does not own intellectual property and does not receive royalty-related revenue
associated with any of the roadside safety hardware involved in this test program or any
guardrail terminal products competing with the ET-Plus End Terminal systeimn.

+ SwRI is financially independent from Trnity Highway Products and the Texas
Transportation Institute (TTI) at Texas A&M University.

I, R. B. Kalmbach, Executive Director of Contracts, certify on behalf of Southwest Research
Institute that the above representations are current, accurate and complete as of the date of this

letter.

Should vou have any questions, please contact Ms. Mary Lepel at 210/522-3026, by facsimile at

210/522-3559, or email marv.lepel@swriorg.
Sm%mﬂm/

E. B. Kalmbach
Executive Director, Contracts

REK/MEKLms
cc: 1, Ferren, SwRI1 (via email)

% Bemuliting governmanl, indeslry mod (e pubilis throwgh inngwative solenco and tochnology
"
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LABORATORY COMPACTION CHARACTERISTICS OF SOIL REPORT

LABORATORY COMPAG Terracon

Service Date:  12/03/14 6911 Blanco Road
Report Date: 121014 San Antonie, TX 78216-6164
210-641-2117 RegNo:F-3272
Client Project
Southwest Research Institute Southwest Research Institute-Moisture Testing
Atin: Jenny Ferren 6220 Culebra Rd
6220 Culebra Foad San Antonio, TX

San Antonio, TX 78228
Project Number 90141414

Material Information Sample Information
Source of Material: Project Site Sample Date: 1210314
Proposed Use: Fill Sampled By: Benjamin Butler

Sample Location: Project Site

Sample Description: Cmshed Limestone

Laboratory Test Data Result Specifications
Test Procedure: ASTM D698 Licpid T drmit: 2
Test Method: Method C Plastic Limit: 13
Sample Preparation: Wet Plasticity Index: 9
Rammer Type: Mechanical In-Place Moisture (%0):
USCS:
O‘Hm'ig;;ﬁdes (%0): éqéj Zero AirVioids Curvefor Assumed Specific
Moisture : 4 Gravity 2.70
Sieve for Oversize Fraction: 3/4 = Ez
g 131 /a-l'-\.. \:\\
Assumed Bulk Specific Gravity : = A N
of Oversized Particles: 7 i = _rf \'\
Corrected for Oversized Particles (ASTM D4718) = =
Maxitmun Dry Unit Weight (pcf):  131.4 5 = S <
Optimum Water Content (%0): 9.1 E o= i
Il ]j? ] = E 8 7 i3 9 10 ol 2 12 14
Maxirmmm Dry Unit Weight (pef): 126.6 Water Cantent (%]
i Water Content (%0): 10.2
Comments:

Services:  Obtain a sample of treated subgrade at the project site and return itto the laboratory. Prepare and test the sample for
moisture-density relationship and plasticity index
Terracon Rep.: Benjanun Butler

Reported To:

Contractor:

Report Distribution:
(1) Southwest Research Instinute, (1) Temzcon Consultants, Inc.,
Jenoy femen g swTiorg dejacobspitemacon com

Reviewed By: QQML( < qj..a_m_..--‘-.

Damel E. Jacobs
Sentor Project Manager

Test Methods: ASTM

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 o the actual samples tested at the location(s) referenced and are not necessarily indicative of the properties of other apparently

similar or identical materials.
CRO0E, 10-16-13, e T Pagelofl
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LABORATORY COMPACTION CHARACTERISTICS OF SOIL REPORT

Report Number: 90141414 0001 1 rerra cnn

Service Date: 12/03/14 G911 Blanco Foad
Report Date: 1210714 San Antonio, TX 78216-6164
210-641-2112 Feg No: F-3272
Client Project
Southwest Research Institute Southwest Research Institute-Moisture Testing
Attm: Jenny Ferren 6220 Culebra Bd
6220 Culebra Foad San Antonio, TX

San Antonio, TX 78228
Project Number: 90141414

SIEVE ANALYSIS
TXDOT Item 247.2
Sieve Size | % Retained | ipeA Gradel
Specifications
%4 Retained
1% 0 0-10
78 11 —
3/8 35 —
#4 50 45-75
#40 75 60-85
#200 84

Remarks: The indicated laboratory tests were performed in general accordance with applicable ASTM
standards unless otherwise noted. All test results meet the reference specification requirements
unless noted by an asterisk *.

Services: Obtain a sample of treated subgrade at the project site and retum itto the laboratory. Prepare and test the sample for
moisture-density relationship and plasticity index.
Terracon Rep.: Benjamn Butler

Reported To:

Contractor:

Report Distribution:

{1} Sewtharest Kosoarch [nstihuts, {1} Terracom Consubtants, Inc.,

i - farmandEswTi.og dejacebsiTtamaconcom ! }

= ' Reviewed By: ; Aemas (; < q;:_q_,.-d-.

Daniel 2 Jacobs

Senior Project Manager

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 abowve and shall not be reproduced except in full without the written consent of cur company. Test results transmitted herein are only applicable o

the actual samples tested at the location(s) referenced and are not necessarily indicative of the properties of other apparently similar or identical materials.
CTOO0], 53810, Rev B Page lofl
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SwWRI Document Number 18.20887.03.100.FR4, Iss. 1

FIELD DENSITY TEST REFORT
Eeport Number: 90141414 0008

January 23, 2015

lerracon

Service Date: 01/05/15 6911 Blanco Foad
Eeport Date: 01/0613 San Antonio, TX 78216-6164
Task: 210-641-2112 RegNo: F-3272
Client Project

Southwest Research Instifute Southwest Research Institute-bMoisture Testing

Attn: Jenny Ferren 6220 Culebra Bd

6220 Culebra Road San Antonio, TX

San Antenio, T2 78228

Project Number: 90141414

Material Information Lak Test Data Project Requirements
Optimum
Water  Max.Lab  Water
Mat. Proctor Laboratory Content  Densitv Content Compaction
No. Ref. No. Classification and Description Test Method (%) (pefy (%) (%)
1 901414140001  Crushed Limestone ASTM Désg 91 1314 10% Max NiA
Field Test Data Probe Wet Water Water Dy Percent
Test Lift / Mat.  Depth  Density Content  Content Densitv  Compaction
No. Test Location Elev. No. (in} (pef) (pef) (%) (pcf) (%4)
Site ET27-30
1 90" to the Right of Post #1 1/ Final 1 12 1413 8.0 6.8 1323 100+
2 Behind Post #2 1/ Final 1 12 1426 8.2 6.9 1334 100+
Datum: Serial No:
Comments: Test and/or retest results on this report meet project requirements as noted above.
Services: Perform in-place density and moisture content tests to determine degree of compaction and matenal moisture
condifion.
Terracon Rep.: Esquivel, James
Reported To:
Contractor: Q
Report Distribution: . | 7
il_fpiuuﬂln'nsthsnu\chh'.tmw. {1) Temacon Comuliaats, Inc, Reviewed B‘-I': e -’Lc:u—l—(; -’é"_ i“L“""—"L
Jemmry. farren/EsaTiorg dojacobsEtemacon.com Daniel E-/Tacobs
Senior Project Manager

Test Methods: * ASTM Da938

The tests were perfiormed in general accordancs with applicable ASTM, AASHTD, 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 compamny. Test results transmitted hersin are only applicable to the
acwal samples tested at the location(s) referenced and are not necessarily indicative of the properties of other apparently similar or identical materials.
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