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DISCLAIMER STATEMENT

This document is disseminated in the interest of information exchange. The contents of this report
reflect the views of the authors who are responsible for the facts and accuracy of the data presented
herein. The contents do not necessarily reflect the official views or policies of the State of California or
the Federal Highway Administration. This publication does not constitute a standard, specification or
regulation. This report does not constitute an endorsement by the Department of any product described
herein.

For individuals with sensory disabilities, this document is available in alternate formats. For information,
call (916) 654-8899, TTY 711, or write to California Department of Transportation, Division of Research,
Innovation and System Information, MS-83, P.O. Box 942873, Sacramento, CA 94273-0001.

UNCERTAINTY OF MEASUREMENT STATEMENT

The Caltrans Roadside Safety Research Group (RSRG) has determined the uncertainty of measurements
in the testing of roadside safety hardware as well as in standard full-scale crash testing of roadside
safety features. The results contained in this report are only for the tested article(s) and not any other
articles based on the same design. Information regarding the uncertainty of measurements for critical
parameters is available upon request by the California Department of Transportation Roadside Safety
Research Group.
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1. Introduction
1.1. Problem

In 2016, the California Department of Transportation (Caltrans) established a timeline for the
implementation of the Manual for Assessing Safety Hardware (MASH) (AASHTO, 2016). MASH is a testing
standard for evaluating the safety of roadside hardware. The Caltrans timeline was consistent with the
2015 American Association of State Highway Transportation Officials (AASHTO) and Federal Highway
Administration (FHWA) Joint Implementation Agreement. The agreement specifies that new installations
of roadside safety hardware comply with MASH 2016 for Federal Aid Eligibility. Caltrans adopted that all
bridge rail projects that include permanent and full bridge rail replacements advertised on or after
October 31, 2019 meet MASH criteria. Caltrans currently has no MASH-compliant top mounted bridge
rails.

1.2. Objective

The objective of this research project is to construct a test section of the CA ST-75 and then conduct the
required crash tests for MASH 2016 Test Level 4 (TL-4) for longitudinal barriers.

Background

Due to the recent adoption of MASH, few steel post and beam bridge rails have been tested for MASH
compliance. Caltrans has used the ST-20S and ST-70 since the mid-2000s as steel post-and-beam bridge
railings. The ST-70 Bridge Rail has the same details as California ST-20S, except the CA ST-70 does not
have the bicycle railing mounted on the top. The ST-20 was tested in 2003 by Caltrans and meets TL-4
crash test requirements of National Cooperative Highway Research Committee Report 350 guidelines
(Report 350) (NCHRP, 1993). Crash testing for the CA ST-20 showed that there was no vehicular contact
with the railing or post for the top bicycle railing. To improve performance, the tested version of the ST-
20 was modified to lessen the level of snagging demonstrated in Test 651 (4-11) by extending the rail
element further away from the post by increasing the rail width an additional 50 mm (2 in) and increasing
the curb width by the same amount. The tested version of the ST-20 was modified to improve
performance and renamed the ST-20S. This modified version was renamed the ST-20S. The July 2019
Caltrans “MASH Implementation for California Bridge Railings” identified the ST-75 bridge rail as design
meant to replace both the ST-20S and the ST-70.

Two additional steel post and beam bridge rails, the California ST-10 and ST-30, were also identified to be
replaced by the ST-75. In 2013 Caltrans tested the 838 mm (33 in) high ST-10 for MASH compliance. Test
3-11, the 2270P pickup test, resulted in the test vehicle rolling onto its side, exceeding the maximum roll
angle of 75 degrees and failing the test. This rolling behavior and resulting failure was possibly an anomaly
or outlier based on other 3-11 tests on similar height and configuration bridge rails (Roger Bligh, 2017).

During the ST-75 project, a taller steel post and beam bridge rail was developed, the ST-76. The ST-76 is
identical to the ST-75 except the curb is 12 in tall instead of 6 in, resulting in a vehicular rail height of 42
in and overall height of 48 rather than 36 in and 42 in, respectively. Due to similarities of the two rails
and crash test performance of the ST-75, no crash testing is currently planned for the ST-76. Although not
covered in this project report, the ST-76 is being evaluated for MASH compliance by using the results of
the ST-75 testing.
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Figure 1-1 Existing Caltrans Steel Post and Beam Bridge Rails
(Caltrans, 2019)
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1.4. Literature Search

A literature and product search were conducted prior to project initiation related to MASH TL-4 steel post
and beam bridge rails. The results of the search concluded that MASH testing had not been conducted by
the roadside safety community on a bridge rail similar enough to the ST-75 that would eliminate the need
for all crash testing.

1.5. Scope

The full MASH 2016 TL-4 test matrix for longitudinal barriers requires three full-scale crash tests: a small
car impacting at 100 kph (62 mph) and 25°, a pickup impacting also at 100 kph (62 mph) and 25°, and a
single-unit truck impacting at 90 kph (56 mph) and 15°. All three tests were planned to be performed and
evaluated in accordance with MASH 2016 TL- 4 evaluation criteria for longitudinal barriers. For this
testing, the ST-75 Bridge Rail was constructed at the Caltrans crash testing facility following Caltrans
construction standards.

2. Test Article Details
2.1. Barrier Design

The ST-75 bridge rail was designed to be a MASH compliant replacement for two similar Caltrans steel
post and beam bridge rails: the ST-20S and ST-70. The design and load evaluation were completed by
Caltrans Division of Engineering Services, Structures and Engineering Services. The design of the ST-75
focused on the structural integrity of the barriers subject to MASH TL-4 loading in compliance with 2012,
Sixth Edition, AASHTO LRFD Bridge Design Specification with California Amendments. The three barrier
components (Rail, Post, & Curb) and the deck overhang were separately evaluated against flexural, shear,
and torsional demands under different limit states in accordance with AASHTO LRFD with California
Amendments. In addition to the hand calculations, a finite element analysis study was conducted using
the software CSiBridge in order to determine the demands on each component. Strengths and demands
of the rail, post, and curb were then assessed under Extreme Il Limit State, and the overhang under
Extreme Il and Strength | Limit State. For comparison and informational reasons, LS-Dyna simulations for
the MASH TL-4 tests for longitudinal barriers are compared to the real-world crash tests. The results are
shown in a separate report included in Appendix E: Finite Element Modeling Report of this report.

The design consists of a steel railing and posts mounted on a concrete curb that is 914 mm (36 in) high to
the top of the traffic railing and 1067 mm (42 in) high to the top of the bicycle rail. The ST-75 posts are
spaced 3 m (10 ft) apart. Each post is anchored to the bridge deck using anchor bolts and anchor bars (see
cross-section below). The detail sheets, which were used to construct the test article, are shown in the
Appendix (Figure 10-1 through Figure 10-5). The material design strengths are as follows (C = Compressive
Strength, T = Tensile Strength): Concrete, 24.8 Mpa (3.6 ksi) (C), reinforcing bars 413.7 Mpa (60 ksi) (T),
structural steel posts 248.2 Mpa (36 ksi) (T), and structural steel rails 317.2 Mpa (46 ksi) (T).
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Figure 2-1 ST-75 Cross-Section

Construction

A section of the ST-75 bridge rail, 29 m (94 ft) in length, was constructed in 2018 at the Caltrans Dynamic
Test Facility. The upstream 21 m (70 ft) was installed on a simulated bridge deck. To reduce cost, the
remaining 7 m (24 ft) was installed on a newly constructed slab foundation on the downstream side where
vehicle impact loading would not occur or would be minimal. The new simulated bridge deck consisted
of an overhang rigidly attached to a Portland Cement Concrete anchor block that was constructed for a
previous project. To ensure the new overhang (bridge deck) was adequately secured to the anchor block,
the top 305 mm (12 in) of anchor block were removed to allow for the addition of new deck reinforcing
steel (rebar). During construction, strain gauges were installed at strategic locations in the deck, curb and
post anchor bolts so that loading during impact could be determined.

Construction was completed in different stages. First, the existing simulated bridge deck and top 305 mm
(12 in) of concrete of the existing anchor block were removed. The concrete slab foundation for the
downstream end was then constructed, leaving rebar and anchor bolts exposed for future construction
of the concrete curb and installation of the ST-75 steel bridge rail. Then, after addition of new rebar for
the ST-75 bridge rail, the next concrete pour was to repair the top 305 mm (12 in) of the anchor block and
construct the new bridge deck, again leaving rebar and anchor bolts exposed for future construction of
the concrete curb and installation of the ST-75 steel bridge rail. Each concrete pour was sampled and cast
into standard 152 mm x 305 mm (6 in x 12 in) cylinders for testing. The minimum 28-day concrete for any
of the three concrete pours was 38 MPa (5,500 psi). A615 Grade 60 rebar with a tested yield strength of
approximately 63 ksi (434 MPa) minimum was used for reinforcement. The ST-75 posts were A709 Grade
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36 steel and the rails were A500 Grade B steel. Construction details can be found in the Appendix, Figure
10-1 through Figure 10-5. Concrete strength test results and material certifications can be found in the
Appendix, Section 11.

Once adequate concrete strength was obtained, the ST-75 steel posts were mounted to the exposed
anchor bolts. The tubular rail elements and bicycle rail were then added and connection adjustments
were made to level and straighten barrier alignment. Construction photos are shown below.

Figure 2-2 Top 12 Inches of Concrete Being Removed from Anchor Block

Figure 2-3 Rebar and Strain Gauges in Place for Anchor Block Concrete Replacement and Deck Overhang
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Figure 2-4 Uniaxial Strain Gauges and Cable Prior to Deck Pour

Figure 2-5 Rebar in Slab Footing for Downstream Section



California Department of Transportation
Report No. FHWA/CA22-3033
FINAL 8/4/2022

Figure 2-6 Downstream Section on Slab Complete

Figure 2-7 Reaction Block and Deck Rebar in Place for Concrete Pour
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Figure 2-8 Formwork and Rebar in Place for Simulated Deck Concrete Pour

Figure 2-9 Simulated Deck Concrete Pour Complete
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Figure 2-10 Bridge Rail Curb Concrete Pour

Figure 2-11 Completed Bridge Rail
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3. Test Requirements and Evaluation Criteria
Crash Test Matrix
MASH Test Level 4 for longitudinal barriers consists of three crash tests as follows:

1. A 1,100 kg (2,420 Ibs.) small car at 100 kph (62 mph) and a 25° impact angle (MASH 2016
Test No. 4-10).

2. A2,270kg (5,000 Ibs.) pickup truck at 100 kph (62 mph) and a 25° impact angle (MASH 2016
Test No. 4-11).

3. A 10,000 kg (22,000 lbs) single-unit truck at 90 kph (56 mph) and a 15° impact angle (MASH
2016 Test No. 4-12).

The objective of this project is to verify that the ST-75 Bridge Rail meets the evaluation criteria of MASH
Test 4-10, 4-11, and 4-12.

Evaluation Criteria

The evaluation criteria for longitudinal barriers are those set forth in MASH 2016 Table 2-2. For Test 4-10
and 4-11 they are A, D, F, H, and I. For Test 4-12 they are: A, D, and G. Evaluation Criteria are explained
later in Table 5-3.

4. Test Conditions
4.1. Test Facilities

Crash testing was conducted at the Caltrans Dynamic Test Facility in West Sacramento, California. The
test area is a large, flat, asphalt concrete surface. At the time of testing, there were no obstructions
nearby.

Test Vehicles

The vehicle for Test 4-10 was a 2017 Nissan Versa S in good condition. The MASH 2016 1100C test vehicle
for the ST-75 Bridge Rail was assigned test identification number 110MASH4C19-01. The vehicle was free
of major body damage and not missing any structural parts. It was not modified in any way and had no
standard equipment missing. The test inertial mass of 1084 kg (2389 Ib) was within the recommended
mass limits of MASH 2016. Test vehicle measurement sheets are shown in the appendix, Table 9-7
through Table 9-10. To achieve the desired impact speed, the vehicle was towed with a 2:1 mechanical
advantage. A speed control device was installed in the tow vehicle, which limited the acceleration of the
vehicle once the target impact speed was reached. The steering was accomplished by means of a guidance
rail anchored to the ground and a guide arm attached to the vehicle wheel hub. Remote braking was
possible at any time during the test via radio control. The vehicle was released from the guidance rail a
short distance before impact. Photos of the test vehicle are shown in Figure 4-1 through Figure 4-6. See
Appendix Figure 9-1 and Figure 9-2 for more information on vehicle equipment and instrumentation.

10



California Department of Transportation
Report No. FHWA/CA22-3033
FINAL 8/4/2022

Figure 4-1 MASH 4-10 Test Vehicle Front Right

Figure 4-2 MASH 4-10 Test Vehicle Passenger Side
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Figure 4-3 MASH 4-10 Test Vehicle Front

Figure 4-4 MASH 4-10 Test Vehicle Driver Side

12



California Department of Transportation
Report No. FHWA/CA22-3033
FINAL 8/4/2022

Figure 4-5 MASH 4-10 Test Vehicle Rear

Figure 4-6 MASH 4-10 Test Vehicle at Impact Point
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The test vehicle for Test 4-11 was a 2018 Dodge RAM 1500 Quad Cab pickup. The MASH 2016 2270P test
for the ST-75 Bridge Rail was assigned test identification number 110MASH4P18-02. The vehicle was free
of major body damage and not missing any structural parts. It was not modified in any way and had no
standard equipment missing. The test inertial mass of 2252 kg (4965 Ib) was within the recommended
mass limits of MASH 2016. The height of the vehicle center of gravity was 748 mm (29.4 inches) and was
above the minimum recommended in MASH of 710 mm (28 inches). Test vehicle measurement sheets
are shown in the appendix, Table 9-15 through Table 9-21. To achieve the desired impact speed, the
vehicle was self-powered. A speed control device was installed in the vehicle to limit the acceleration of
the vehicle once the target impact speed was reached. The steering was accomplished by means of a
guidance rail anchored to the ground and a guide arm attached to the vehicle wheel hub. The electric
power steering system was de-energized prior to testing to reduce steering harmonics and improve lateral
impact point accuracy. Remote braking was possible at any time during the test via radio control. The
vehicle was released from the guidance rail and power to the engine was killed a short distance before
impact. Photos of the test vehicle are shown in Figure 4-7 through Figure 4-13. See Appendix Figure 9-3
through Figure 9-5 for more information on vehicle equipment and instrumentation.

Figure 4-7 MASH 4-11 Test Vehicle Front Right

14



California Department of Transportation
Report No. FHWA/CA22-3033
FINAL 8/4/2022

Figure 4-8 MASH 4-11 Test Vehicle Passenger Side

Figure 4-9 MASH 4-11 Test Vehicle Front
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Figure 4-10 MASH 4-11 Test Vehicle Driver Side

Figure 4-11 MASH 4-11 Test Vehicle Rear

16
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Figure 4-12 MASH 4-11 Test Vehicle Ballast

Figure 4-13 MASH 4-11 Test Vehicle at Impact Point

17
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The test vehicle for Test 4-12 was a 2013 International 4300 SBA. The test vehicle complied with all MASH
2016 requirements for 10000S vehicles. The MASH 2016 10000S test for the ST-75 bridge rail was assigned
test identification number 110MASH4S19-02. The vehicle was in good condition and not missing any
standard equipment. The cargo box was strengthened according to Ford’s 2005 Body Builder Layout Book
to reduce the chance of it separating from the frame and reducing loading on the barrier during the test,
Figure 4-22 and Figure 4-24. The curb weight of the vehicle was 6683 kg (14733 Ib). With instrumentation,
other equipment, and ballast installed, the test inertial mass was 10014 kg (22077 |b), which was within
the recommended mass limits of MASH 2016. See Figure 4-20 for ballast in the cargo box. The ballast
consisted of three 1.5 m by 1.5 m by 51 mm (5 ft by 5 ft by 2 in) steel plates placed on top of wood posts
laying on the cargo bed. Each plate weighed approximately 907 kg (2000 lbs). They were mounted
uniformly across the length and width of the cargo bed using 8 threaded rods through the bed to c-channel
brackets under the bed. The wood posts were spliced to each other with steel plates and wood screws,
and secured to the cargo bed with wood screws and angle brackets. The center of mass of the ballast was
1588 mm (62.5 in) from the ground, which was within MASH recommended limits of 1600 mm +/- 50 mm
(63 in +/- 2 in). Test vehicle measurement sheets are shown in the appendix, Table 9-25 through Table
9-28. To achieve the desired impact speed, it was necessary to push the test vehicle with a Ford F-350
Dually in addition to its own self-power to get up to the target impact speed. The Ford F-350 Dually backed
off the test vehicle about 213.4 m (700 ft) prior to impact. A speed control device was installed in the
push vehicle, which limited the acceleration of the push vehicle once the target impact speed was
reached. The speed governor of the test vehicle was reprogrammed to limit speed the maximum speed
10 90.1 kph (56 mph). The steering was accomplished by means of a guidance rail anchored to the ground
and a guide arm attached to the vehicle wheel hub. Remote braking was possible at any time during the
test via radio control. The vehicle was released from the guidance rail and power to the engine was killed
a short distance before impact. Photos of the test vehicle are shown in Figure 4-14 through Figure 4-24.
See Appendix Figure 9-6 and Figure 9-7 for more information on vehicle equipment and instrumentation.

18
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Figure 4-14 MASH 4-12 Test Vehicle Front Right

Figure 4-15 MASH 4-12 Test Vehicle Passenger Side

19



California Department of Transportation
Report No. FHWA/CA22-3033
FINAL 8/4/2022

Figure 4-16 MASH 4-12 Test Vehicle Front

Figure 4-17 MASH 4-12 Test Vehicle Driver Side
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Figure 4-18 MASH 4-12 Test Vehicle Rear

Figure 4-19 MASH 4-12 Test Vehicle at Impact Point
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Figure 4-20 MASH 4-12 Test Vehicle Ballast in Cargo Box

Figure 4-21 MASH 4-12 Test Vehicle Instrumentation Equipment in Cargo Box
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Figure 4-22 MASH 4-12 Test Vehicle Front Shear Plate

Figure 4-23 MASH 4-12 Test Vehicle Ballast Mounting Plate

23
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Figure 4-24 MASH 4-12 Test Vehicle Rear Shear Plate

Test Documentation

The tests were documented through the use of still cameras, video cameras, high-definition high-speed
digital video cameras, and both GMH Engineering Data Brick Il and DTS SLICE data acquisition systems to
record accelerations and angular rate changes. The impact phase of each crash test was recorded with
five high-definition high-speed digital video cameras, a normal-speed DVC format video camera, digital
SLR cameras and action cameras mounted inside and outside the test vehicle set to record video. The test
vehicle and barrier were photographed before and after impact with the DVC format camera and a digital
SLR camera.

For Tests 4-10 and 4-11, four sets of orthogonal accelerometers and angular rate sensors were mounted
at the center of gravity of the test vehicles (as per MASH 2016 specifications) to measure lateral,
longitudinal, and vertical accelerations, and roll, pitch, and yaw rates, respectively. The data was analyzed
in Test Risk Assessment Program version 2.3.11 (TRAP) to determine the occupant impact velocities,
ridedown accelerations, and maximum vehicle rotation. For test 4-12, two sets of accelerometers and
angular rate sensors were mounted in the vehicle cab and two sets were mounted in the vehicle cargo
box. TRAP was also used to determine 50 ms average accelerations and maximum vehicle rotation at the
locations where the instruments were mounted (inside the cab and inside the cargo box). See Appendix
Figure 9-1 through Figure 9-7 for more information on vehicle instrumentation and test documentation.

24
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5. Test 110MASH4C19-01 (4-10)
5.1. Impact Description and Results

The Critical Impact Point selected was 3.6 ft (1.1 meters) upstream from the centerline of post 4, as
recommended in Table 2-7 of MASH 2016 (AASHTO, 2016). The impact angle of 25° was set with a Total
Station. The intended impact speed was 100 kph (62 mph).

Figure 5-1 Test Article Impact Area Pre-Test 4-10

Figure 5-2 Test Article Downstream of Impact Area Pre-Test 4-10

Test Description

The crash was performed in the late morning of April 11, 2019. According to the Sacramento Executive
Station, weather conditions were as follows: cloudy, temperature approximately 63 deg F, and wind of

25



California Department of Transportation
Report No. FHWA/CA22-3033
FINAL 8/4/2022

approximately 13 mph from the west-northwest (WNW). The vehicle was traveling approximately north-
northeast (NNE).

The 1100C vehicle impacted the barrier at 102.1 kph (63.4 mph) and 25.0°. The vehicle impact point on
the ST-75 bridge rail was approximately 1.3 m (4.2 ft) upstream of the centerline of post 4, which was
about 180 mm (7 in) upstream of the Critical Impact Point. The vehicle was contained and smoothly
redirected at an exit speed and angle of 79.8 kph (49.6 mph) and 7.7°, respectively. There was evidence
that the passenger-side of the front bumper had snagged slightly on the edge of post 4 but it was not
severe enough to cause excessively high ridedown accelerations, occupant impact velocities, or occupant
compartment deformations. After exiting the bridge rail, the remote brakes were applied. The car came
to a stop about 65 m (213 feet) downstream of and 17 m (56 feet) on the traffic side of the impact point.
Still photos of the vehicle during the test are shown in Figure 5-3 through Figure 5-5. A detailed
description of the sequential events is shown in the table below.

Table 5-1 Test 110MASH4C19-01 Test Sequence of Events

Time (s) EVENT

0.000 Vehicle front-right bumper impacted the lower rail

0.002 Vehicle bumper begins to deform

0.012 Vehicle hood begins to deform

0.016 Vehicle grill begins to contact upper rail

~0.034 Vehicle passenger door contacts rails

~0.050 Vehicle begins to noticeably yaw and redirect, windshield begins to spider-crack
0.086 Surrogate Occupant head contacts passenger window
0.098 Passenger window shatters from door distortion
0.152 Vehicle is approximately parallel to rail face

0.160 Rear passenger taillight contacts top rail

0.168 Rear passenger taillight begins to shatter

~0.294 Vehicle exits test article with exit angle and speed of 7.7° and 79.8 kph (49.6 mph)

26
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Figure 5-3 Test 4-10 Downstream Camera Impact View

Figure 5-4 Test 4-10 Upstream Camera Impact View
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Figure 5-5 Test 4-10 Pan Camera Impact View

Barrier Damage

There was no significant damage to the barrier. The only damage was extremely minor surface scrapes
and gouges of the steel rail. Barrier damage is shown in Figure 5-6 through Figure 5-9. The orange contact
marks are from the front right tire. The green contact marks are from the rear right tire. Dynamic
deflection of the bridge rail measured from overhead video was 15 mm (0.6 in). There was no permanent
deflection. String potentiometer and strain gage data were collected during the test. They do not fall
under the Scope of Accreditation but are available upon request.

Figure 5-6 Test 4-10 Overview of Barrier Post-Test
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Figure 5-7 Test 4-10 Vehicle Marks on ST-75 Impact Point Post-Test

Figure 5-8 Test 4-10 Post 4 Post-Test
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Figure 5-9 Test 4-10 Downstream of Post 4 Post-Test

Vehicle Damage

The 1100C front right corner, passenger’s side, and front end of the test vehicle sustained damage during
the impact. The entire length of the passenger side of the vehicle made contact with the barrier. The
front passenger wheel was pushed back and partially torn off. The entire front bumper cover separated
from the vehicle along with both headlights. The windshield spider-cracked and was pushed sideways
about two inches, creating a separation at the driver’s side “A” pillar. The passenger side front window
was shattered and broken out due to door deformation. The remaining window glass was undamaged.
The interior metal bumper, it’s support bracket and connecting frame member were deformed, possibly
from snagging slightly on the upstream vertical member of post 4. The hood and front right door and
front fender were severely damaged. The airbags did not deploy because the vehicle was towed and there
was no power to the airbag system. The maximum amount of passenger compartment deformation
measured by known points was 125 mm (4.9 in), which occurred at the toe pan/wheel well area of the
floorboard. All interior deformation measurements are shown in Table 9-11 through Table 9-14.

30



California Department of Transportation
Report No. FHWA/CA22-3033
FINAL 8/4/2022

Figure 5-10 Test 4-10 Test Vehicle Damage (Right Side)

Figure 5-11 Test 4-10 Test Vehicle Damage (Rear Right)
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Figure 5-12 Test 4-10 Test Vehicle Damage (Front Left)

Figure 5-13 Test 4-10 Test Vehicle Damage (Front Right)
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Figure 5-14 Test 4-10 Test Vehicle Occupant Compartment Floorboard Deformation

Figure 5-15 Test 4-10 Test Vehicle Occupant Compartment Deformation (Front Seat Area)
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Figure 5-16 Test 4-10 Test Vehicle Windshield Separation

Figure 5-17 Test 4-10 Test Vehicle Front Right Bumper and Bumper Support Member Deformation

34



0.000 sec. [Frame 274]

0.168 sec. [Frame 358]
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Table 5-2 Test 110MASH4C19-01 Test Data Summary Sheet

0.210 sec. [Frame 379]

0.042 sec. [Frame 295]

0.084 sec. [Frame 316] 0.126

0.252 sec. [Frame 400] 0.294

1.3 m (4.2 ) i

Right Tire Trac
56 ft

|

/

]

i

Exit Box

“—Final Vehicle Position

/'—32,8 ft—mro

15.0 ft

213 ft 4"

California, Department of
Transportation
110MASH4C19-01

Key Elements — Barrier
. Description
e  Base Width
e  Height

Test Vehicle

e  Designation/Make/Model

e Curb

e  Test Inertial

. Gross Static
Impact Conditions

e Speed

. Impact Severity
Exit Conditions

e Speed

o Angle

MASH16 Test 4-10
4/11/2019

CA ST-75 Bridge Rail
100 ft (30.5 m)

CA ST-75 Bridge Rail
24 in (610 mm)
36in (910 mm)

1100C / 2017 Nissan Versa
2344 b (1063 kg)
2389 |b (1084 kg)
2568 Ib (1165 kg)

63.4 mph (102.1 kph)
25.0°

4.2 ft (1.3 m) upstream
of middle of post 4

58 kip-ft (78 kJ)

e  Location/Orientation

49.6 mph (79.8 kph)
7.7°
Pass

Post-impact Trajectory
e  Vehicle Stability

Satisfactory

e  Stopping Distance (from point of impact) Approx. 213 ft (64.9 m)
downstream and 56 ft (17.0 m) laterally in front

Test Article Damage
Test Article Deflections
. Permanent Set
. Dynamic
e Working Width
Vehicle Damage
e VDS3

Minor scrapes

0.0in (0 mm)

0.6 in (15 mm)

24.0in (610 mm) at barrier base
Moderate to Heavy

01-RFQ-7, 01-RD-4, 03-RP-4,

e  Vehicle Snagging

e  Vehicle Pocketing

Transducer Data

sec. [Frame 337]

sec. [Frame 421]

04-RBQ-3
01RRAKS, 03RDAS2

Floorboard/wheel well

Minor snagging of right side of
front bumper on post 4

Transducer
) . - MASH
Evaluation Criteria DataBrick | SLICE- SLICE- Limit
327 656 659
Lon 21.3 23.3 23.6 +40
oV &1 (65) (7.1) | (7.2) | (12.2)
Ft/s w40
(m/s) Lat. 33.1 33.8 34.4 t
(10.1) (10.3) | (10.5) | (12.2)
ORA Long. -3.4 -3.9 -3.8 +20.49
g's Lat. 9.9 -10.4 | -10.4 | ¥20.49
Roll 5.7 5.5 6.3 £75
Max Angl
AXANEIE | pitch 4.4 45 | -46 | 75
Deg.
Yaw -38.3 397 | -39.7 | N/A
39.7 41.0 413
THIV — ft N/A
/s (m/s) (121) | (125 | (12.6)
PHD—g’s 10.0 10.5 10.5 N/A
ASI 2.83 2.92 2.98 N/A
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5.5. Discussion of Test Results

MASH 2016 recommends that crash test performance be assessed according to three evaluation factors:
(1) structural adequacy, (2) occupant risk, and (3) post-impact vehicular response.

The structural adequacy and occupant risk associated with the ST-75 Bridge Rail were evaluated using
evaluation criteria found in Tables 2.2A (Recommended Test Matrices for Longitudinal Barriers), 5.1A
(Safety Evaluation Guidelines for Structural Adequacy), and 5.1B (Safety Evaluation Guidelines for
Occupant Risk) of MASH 2016. The post-impact vehicular response was evaluated using Section 5.2.3 of
MASH 2016.

The structural adequacy of the ST-75 Bridge Rail was acceptable during Test 4-10.

Refer to Table 5-3 for the assessment summary of the safety evaluation criteria for the ST-75 Bridge Rail.

The occupant risk was acceptable. As mentioned previously, all interior deformation measurements were
below the maximum MASH 2016 limits. All interior deformation measurements are shown in Table 9-11
through Table 9-14.

There was no occupant compartment penetration or potential for it. The occupant compartment was not
compromised. The dummy head protruded slightly beyond the plane of the passenger side window when
it was broken but did not show potential for striking any portion of the barrier. Occupant impact velocities
and ridedown accelerations were below MASH 2016 limits. The yaw, pitch, and roll of the vehicle were
within acceptable limits.

Refer to Table 5-3 for the assessment summary of the safety evaluation criteria for the ST-75 Bridge Rail.

The vehicle trajectory was acceptable. The exit trajectory was within the exit box.

Figure 5-18 Exit Box for Longitudinal Barriers (AASHTO, 2016)

Refer to Table 5-3 for the assessment summary of the safety evaluation criteria for the ST-75 Bridge Rail.
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Table 5-3 110MASH4C19-01 Assessment Summary
Evaluation Criteria Test Results Assessment
Structural Adequacy
A. Test article should contain and redirect the vehicle; the The vehicle was contained and
vehicle should not penetrate, underride, or override the redirected smoothly. PASS
installation, although controlled lateral deflection of the test
article is acceptable.
Occupant Risk
D. Detached elements, fragments, or other debris from the | The parrier did not detach any
test article should not penetrate or show potential for elements, fragments, and/or
penetrating the occupant compartment, or personnel in a other debris. PASS

work zone.

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

Deformations of, or intrusions
into, the occupant compartment
were within MASH 2016 limits.

Occupant Risk

The vehicle remained upright

F. The vehicle should remain upright during and after i - PASS
collision. The maximum roll and pitch angles are not to during and after the collision.
exceed 75 degrees.
Occupant Risk DAS Long. ft/sec (m/s)
H. Occupant Impact Velocities (OIV) (see Appendix A, DB 327 213 (6.5)
Sectioh A5..2._2 for calculation procedure) should satisfy the SLICE 656:  23.3 (7.1)
following limits: SLICE 659: 23.6 (7.2) bASS
Occupant Impact Velocity Limits, ft/s (m/s)' DAS  Lat. ft/sec (m/s)
Compongnt Preferred Maximum DB 327: 33.1 (10.1)
Longitudinal 30 ft/s 40 ft/s SLICE 656:  33.8 (10.3)
and Lateral (9.1 m/s) (12.2 m/s) SLICE659:  34.4 (10.5)
Occupant Risk
I. The occupant ridedown acceleration (see Appendix A,
Section A5.3 for calculation procedure) should satisfy the DAS Long. G Lat. G
following limits: DB 327: 34 99 PASS
Occupant Ridedown Acceleration Limits (G) SLICE656: -3.9 -10.4
Component Preferred Maximum SLICE659:  -3.8 -10.4
Longitudinal 150G 2049 G
and Lateral
Vehicle Trajectory
It is preferable that the vehicle be smoothly redirected, and
this is typically indicated when the vehicle leaves the barrier
within the "exit box". The concept of the exit box is defined
by the initial traffic face of the barrier and a line parallel to A =15.0ft (4.57 m)
PASS

the initial traffic face of the barrier, at a distance A plus the
width of the vehicle plus 16 percent of the length of the
vehicle, starting at the final intersection (break) of the wheel
track with the initial traffic face of the barrier for a distance
of B. All wheel tracks of the vehicle should not cross the
parallel line within the distance B.

B=32.8ft (10 m)
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6. Test 110MASH4P18-02 (4-11)
Impact Description and Results

The Critical Impact Point selected was 1.3 meters (4.3 ft) from the centerline of post 5, as recommended
in Table 2-7 of MASH 2016 (AASHTO, 2016). The impact angle of 25° was set with a Total Station. The
intended impact speed was 100 kph (62 mph).

Figure 6-1 Test 4-11 Critical Impact Point Pre-Test

Figure 6-2 Bridge Railing Downstream of Critical Impact Point Pre-Test
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Test Description

The crash was performed the afternoon of September 12, 2018. According to the Sacramento Executive
Station, weather conditions were as follows: cloudy, temperature approximately 74 deg F, and wind of
approximately 5 mph from the southwest (SW). The vehicle was traveling approximately north-northeast
(NNE).

The 2270P vehicle impacted the barrier at 102.0 kph (63.4 mph) and angle of 26.3°. The vehicle impact
point on the ST-75 Bridge Rail was approximately 1.6 meters (5.3 ft) upstream from the centerline of post
5, which was 0.3 m (12 inches) upstream of the Critical Impact Point. The vehicle was contained and
smoothly redirected with an exit speed and angle of 86 kph (54 mph) and 6°, respectively. After exiting
the bridge rail, the remote brakes were applied. The vehicle came to a stop about 66.8 m (219 ft)
downstream and 12.5 m (41 ft) on the traffic side of the impact point. Still photos of the vehicle during
the test are shown in Figure 6-3 through Figure 6-5. A detailed description of the sequential events is
shown in the table below.

Table 6-1 Test 110MASH4P18-02 Test Sequence of Events

Time (s) EVENT

0.000 Vehicle front-right bumper impacted the middle rail

0.002 Vehicle bumper begins to deform

0.004 Vehicle hood begins to override top rail

0.030 Vehicle hood contacts handrail

~0.036 Vehicle hood begins to deform

0.038 Front passenger door impacts rail

0.046 Vehicle begins to redirect

0.048 Top of front passenger door begins to deform and bend outward

0.058 Passenger side airbag begins to deploy

0.060 Front grill begins to detach from vehicle

0.068 Vehicle hood is at maximum override

0.158 Vehicle is approximately parallel to rail face

0.168 Rear passenger taillight contacts top rail and begins to shatter

0.300 Vehicle exits test article with exit angle and speed of 6° and 86 kph (54 mph)
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Figure 6-3 Test 4-11 Pan Camera Impact View

Figure 6-4 Test 4-11 Downstream Camera Impact View
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Figure 6-5 Test 4-11 Upstream Impact View
Barrier Damage

There was no significant damage to the barrier. The only damage was extremely minor surface scrapes
and gouges of the steel rail, and minor spalling of the concrete curb. Barrier damage is shown in Figure
6-6 through Figure 6-8. The orange contact marks are from the front right tire. The green contact marks
are from the rear right tire. Dynamic deflection of the bridge rail measured from overhead video was 30
mm (1.2 in). There was no permanent deflection. String potentiometer and strain gage data were
collected during the test. They do not fall under the Scope of Accreditation but are available upon request.
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Figure 6-6 Test 4-11 Vehicle Marks on ST-75 at Impact Point Post-Test

Figure 6-7 Test 4-11 Minor Concrete Spalling of Concrete Curb Post-Test

42



California Department of Transportation
Report No. FHWA/CA22-3033
FINAL 8/4/2022

Figure 6-8 Test 4-11 ST-75 Bridge Rail Post-Test Downstream of Impact Post-Test

Vehicle Damage

The 2270P front right corner and right side of the test vehicle sustained most of the damage from the
impact. The front bumper was damaged, mainly the front right portion during initial impact with the
barrier. The right headlight was shattered and detached from the vehicle. The front passenger wheel was
pushed back significantly but the suspension system remained attached except for the aluminum lower
control arm front connection to the frame. The entire length of the passenger side of the vehicle made
contact with the barrier including the right front fender, right doors, and the right side of the bed. All of
the test vehicle doors remained closed and latched during impact except the window frame of the front
passenger door deformed outward, creating an opening. The windshield had minor cracking and the
remaining window glass was undamaged. The front grill and left headlight were also detached during the
impact. The maximum amount of passenger compartment deformation measured by known points was
100 mm (4.0 in), which occurred at the footwell. All interior deformations were below the maximum
MASH 2016 limits and are shown in Figure 9-22 through Figure 9-24.
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Figure 6-9 Test 4-11 Test Vehicle Damage (Rear Right)

Figure 6-10 Test 4-11 Test Vehicle Damage (Front Right)
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Figure 6-11 Test 4-11 Test Vehicle Damage (Left Side)

Figure 6-12 Test 4-11 Test Vehicle Damage (Front)
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Figure 6-13 Test 4-11 Test Vehicle Damage Front Passenger Floorpan (Occupant Compartment Deformation)

Figure 6-14 Test 4-11 Test Vehicle Front Right Wheel Deformation
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Figure 6-15 Test 4-11 Test Vehicle Front Right Suspension (with wheel removed)

Figure 6-16 Test 4-11 Test Vehicle Front Right Suspension Lower Control Arm Connector Fracture
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Table 6-2 Test 110MASH4P18-02 Test Data Summary Sheet

0.000 sec. [Frame 166] 0.060 sec. [Frame 196]

0.240 sec. [Frame 286] 0.300 sec. [Frame 316] 0.360 sec. [Frame 346]

Right Tire Track.

0.120 sec. [Frame 226]

1

26.3°

41_ft
Exit Box
@\wm Position
219 ft
TestAgency California, Department of e  Dynamic
Transportation e  Working Width
Test Number. 110MASH4P18-02 Vehicle Damage
Test Designation_____ . MASH16 Test 4-11 e VDS3
Date 9/12/2018
Test Article. CA ST-75 Bridge Rail e (CDC*

_________________________________ 100 ft (30.5 m)
Key Elements — Barrier
° Description_____ | CA ST-75 Bridge Rail
. Base Width 24 in (610 mm)
e  Height 36in (910 mm)
Test Vehicle

e  Designation/Make/Model

2270P/ 2018 Dodge RAM
1500 Quad Cab

e Curb 4768 Ib (2163 kg)

e Testlnertial . 4965 Ib (2252 kg)

e  Gross Static______ 4965 Ib (2252 kg)
Impact Conditions

e Speed 63.4 mph (102.0 kph)

e Angle 26.3°

e  Location/Orientation 5.3 ft (1.6 m) upstream
of middle of post

130.7 kip-ft (177.2 kJ)

. Impact Severity
Exit Conditions

e Speed 54 mph (86 kph)
e Angle 6°
Exit Box Criterion Pass

Post-impact Trajectory
e  Vehicle Stability Satisfactory
e  Stopping Distance (from point of impact) Approx., 219 ft
downstream and 41 ft laterally in front
Test Article Damage. Minor scrapes
Test Article Deflections
e  Permanent Set 0.0in (0 mm)

e Vehicle Snagging
e  Vehicle Pocketing

Transducer Data

24.0in (610 mm)

Moderate

0.180 sec. [Frame 256]

0.420 sec. [Frame 376]

01-RFQ-5, 01-RD-3,
03-RP-3, 04-RBQ-3
01RRMK2, 03RDMS2
Approx. 4 in (100 mm) at
Floorboard/wheel well

Transducer MASH
Evaluation Criteria DataBrick | SLICE- L
Limit
328 656
Lon 14.4 16.4 +40
o & (4.4) (5.0) (12.2)
Ft/s
(m/s) Lat 30.8 30.5 +40
' (9.4) (9.3) (12.2)
ORA Long. -4.1 -5.6 +20.49
g's Lat. -11.0 1115 | £20.49
Roll 21.6 19.4 175
Max Angl
XANEIE | pitch 21 4.0 £75
Deg.
Yaw -40.3 -40.0 N/A
34.8 34.8
THIV - ft N/A
/s (m/s) (10.6) (10.6)
PHD-g’s 11.7 12.6 N/A
ASI 2.29 2.31 N/A
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Discussion of Test Results

MASH 2016 recommends that crash test performance be assessed according to three evaluation factors:
(1) structural adequacy, (2) occupant risk, and (3) post-impact vehicular response.

The structural adequacy and occupant risk associated with the ST-75 Bridge Rail were evaluated using
evaluation criteria found in Tables 2.2A (Recommended Test Matrices for longitudinal barriers), 5.1A
(Safety Evaluation Guidelines for Structural Adequacy), and 5.1B (Safety Evaluation Guidelines for
Occupant Risk) of MASH 2016. The post-impact vehicular response was evaluated using section 5.2.3 of
MASH 2016.

The structural adequacy of the ST-75 Bridge Rail was acceptable during Test 4-11.

Refer to Table 6-3 for the assessment summary of the safety evaluation criteria for the ST-75 Bridge Rail
for Test 4-11.

The occupant risk was acceptable. As mentioned previously, the interior deformations were below MASH
2016 limits. All interior deformation measurements are shown in Table 9-22 through Table 9-24. There
was no occupant compartment penetration or potential for it. The occupant compartment was not
compromised. Occupant impact velocities and ridedown accelerations were below MASH 2016 limits.
The yaw, pitch, and roll of the vehicle were within acceptable limits.

Refer to Table 6-3 for the assessment summary of the safety evaluation criteria for the ST-75 Bridge Rail
for Test 4-11.

The vehicle trajectory was acceptable. The exit trajectory was within the exit box. The yaw, pitch, and
roll of the vehicle were below the maximum limits.

Figure 6-17 Exit Box for Longitudinal Barriers (AASHTO, 2016)

Refer to Table 6-3 for the assessment summary of the safety evaluation criteria for the ST-75 Bridge Rail
for Test 4-11.
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Table 6-3 110MASHA4P18-02 Assessment Summary
Evaluation Criteria Test Results Assessment
Structural Adequacy
A. Test article should contain and redirect the vehicle or
bring the vehicle to a controlled stop; the vehicle The vehicle was contained
. . . PASS
should not penetrate, underride, or override the and redirected smoothly.
installation although controlled lateral deflection of the
test article is acceptable.
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 personnel ina | 1he barrier did not detach
work zone. any elements, fragments, PASS
and/or other debris
Deformations of, or intrusions into, the occupant
compartment should not exceed limits set forth in Section
5.2.2 and Appendix E.
Occupant Risk
F. The vehicle should remain upright during and after The vehicle remained upright
L . . . L PASS
collision. The maximum roll and pitch angles are not to during and after the collision.
exceed 75 degrees.
Occupant Risk
H. Occupant Impact Velocities (OIV) (see Appendix A,
Section A5.3 for calculation procedure) should satisfy the DB3
following limits: Long.= 14.4 ft/s (4.4 m/s)
Lat.= 30.8 ft/s (9.4 m/s)
Occupant Impact Velocity Limits, ft/s (m/s) SLICE PASS
Component Preferred Maximum Long.= 16.4 ft/s (5.0 m/s)
Longitudinal 30 ft/s 40 ft/s Lat.= 30.5ft/s (9.3 m/s)
and Lateral (9.1 m/s) (12.2 m/s)
Occupant Risk
I. The occupant ridedown acceleration (see Appendix A, DB3
Section A5.3 for calculation procedure) should satisfy the Long. -4.1G
following limits: Lateral -11.0 G
PASS
Occupant Ridedown Acceleration Limits (G) SLICE
Component Preferred Maximum Long. -5.6 G
Longitudinal 15.0 G 20.49 G Lateral -11.5G
and Lateral
Vehicle Trajectory
It is preferable that the vehicle be smoothly redirected, and
this is typically indicated when the vehicle leaves the
barrier within the "exit box". The concept of the exit box is
defined by the initial traffic face of the barrier and a line
parallel to the initial traffic face of the barrier, at a distance A=16.8ft(5.11 m) PASS

A plus the width of the vehicle plus 16 percent of the length
of the vehicle, starting at the final intersection (break) of
the wheel track with the initial traffic face of the barrier for
a distance of B. All wheel tracks of the vehicle should not
cross the parallel line within the distance B.

B=32.8ft (10 m)
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7. Test 110MASHA4S19-02 (4-12)
7.1. Impact Description and Results

The Critical Impact Point selected was 1.5 meters (5.0 ft) from the centerline of post 5, as recommended
in Table 2-7 of MASH 2016 (AASHTO, 2016). The impact angle of 15° was set with a Total Station. The
intended impact speed was 90 kph (56 mph).

Figure 7-1 Test 4-12 ST-75 Impact Area with Checkered Tape at Impact Point Pre-Test

Figure 7-2 Test 4-12 ST-75 Post 5 Downstream of Impact Point Pre-Test
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Figure 7-3 Test 4-12 ST-75 Post 5 Downstream of Impact Point Pre-Test

Figure 7-4 Test 4-12 ST-75 Post 6 Downstream of Impact Point Pre-Test
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Test Description

The crash was performed just before noon on June 19, 2019. According to the Sacramento Executive
Station, weather conditions were as follows: fair, temperature approximately 82 deg F, and wind of
approximately 3 mph from the south. The vehicle was traveling approximately north-northeast (NNE).

The 10000S vehicle impacted the barrier at a speed of 87.6 kph (54.4 mph) and angle of 15.3°. The vehicle
impacted the ST-75 Bridge Rail at approximately 1.4 meters (4.9 ft) upstream from the centerline of post
4, which was approximately 75 mm (3 in) downstream of the Critical Impact Point. The vehicle was
contained and smoothly redirected at an exit speed and angle of 79.8 kph (49.6 mph) and 8°, respectively.
During the impact, the cargo box leaned over the bridge rail approximately 21 inches (not within the Lab’s
Scope of Accreditation) for a Working Width of about 45 inches at a height of approximately 11.5-12 ft.
After exiting the bridge rail, the remote brakes were applied. The vehicle came to a stop, after rolling
onto the driver side of the vehicle, about 73.5 ft (241 feet) downstream of and 15.5 m (51 feet) on the
non-traffic side of the impact point. Still photos of the vehicle during the test are shown in Figure 7-5
through Figure 7-7. A detailed description of the sequential events is shown in the table below.

Table 7-1 Test 110MASH4519-02 Test Sequence of Events

Time (s) EVENT

0.000 Vehicle front-right bumper impacted the top rail

0.006 Vehicle bumper begins to deform

0.010 Vehicle hood begins to override top rail

0.040 Vehicle passenger side front wheel well contacts handrail and begins to deform

~0.078 Vehicle begins to redirect

~0.088 Front passenger door impacts rail

~0.164 Vehicle passenger side front wheel well is at maximum override

Rear right corner of vehicle contacts steel rails, vehicle is approximately parallel to

0.280
bridge rail

~0.760 Vehicle exits test article with exit angle and speed of 8° and 79.8 kph (49.6 mph)
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Figure 7-5 Test 4-12 Across Camera Impact View

Figure 7-6 Test 4-12 Downstream Camera Impact View
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Figure 7-7 Test 4-12 Upstream Camera Impact View

Barrier Damage

There was minor to moderate damage to the barrier. The traffic side of the base plates at Posts 3, 4, and
5 were permanently deformed from the moment created during impact, see Figure 7-11 through Figure
7-13. The deformation left a gap between the middle portion of the plate and concrete curb. Base plate
deformation at Posts 3, 4, and 5 were approximately 8 mm (5/16 in), 6 mm (1/4 in), less than 2 mm (1/16
in), respectively. As a result of the base plate deformation, the anchor bolts bent outward. The anchor
bolt bending and after impact straightening, as part of barrier repairs, was thought to be a concern due
to the high levels of plastic deformation. To better understand the condition of the bolts, bolt material
properties were investigated. A barrier quasi-static (push) test and bolt tensile tests were performed to
determine remaining bolt strength and roughly how far the bolts had elongated or otherwise progressed
into yield. These tests are not within the Lab’s Scope of Accreditation. The results showed that the bolts
at Posts 3 and 4 (which were impacted during the crash test) were slightly in the plastic range and the
Post 6 bolt (which was deformed during the push test) had high residual strength but was far into the
plastic range. The tensile tests for Posts 3 and 4 concluded that after the TL-4 impact, the bolts were still
above design tensile strength requirements and still had some ductility. However, the bending caused by
the base plate deformed the threads enough to potentially complicate repairs if a post needed to be
removed. A brief summary of the quasi-static push test and tensile load tests are shown in 11 Appendix
C: Quasi-static Push Test and Anchor Bolt Tensile Testing. Photos of the anchor bolts at posts 3 and 4 with
the posts removed are also included in Appendix C.

Other damage to the barrier included minor surface scrapes and gouges. See Figure 7-8 through Figure
7-13 for photos of barrier damage. The orange contact marks are from the front right tire. The green
contact marks are from the rear right tire. String potentiometer and strain gage data were collected
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during the test. They do not fall under the Scope of Accreditation but are available upon request. The
dynamic and permanent deflections could not be determined from overhead video. They were, however,
able to be measured from string potentiometers using a data acquisition system collecting measurements
at 10,000 sample/sec. The dynamic and permanent deflections from string potentiometers (not within
the Scope of Accreditation) were 83 mm (3.25 in) and 38 mm (1.5 in), respectively.

Figure 7-8 Test 4-12 Vehicle Marks on ST-75 Impact Point Between Posts 3 and 4 Post-Test
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Figure 7-9 Test 4-12 Vehicle Marks on ST-75 at Post 4 Downstream of Impact Point Post-Test

Figure 7-10 Test 4-12 ST-75 Post 5 Downstream of Impact Point Post-Test
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Figure 7-11 Test 4-12 ST-75 Post 3 Post-Test

Figure 7-12 Test 4-12 Post 3 Bent Bottom Plate Close Up Post-Test
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Figure 7-13 Test 4-12 Post 4 Bent Bottom Plate Close Up Post-Test

Vehicle Damage

The 10000S front right corner and passenger’s side of the test vehicle sustained most of the damage from
the initial impact with the steel rail and post system. The entire length of the passenger side of the vehicle
made contact with the bridge rail. The driver’s side of the front bumper was deformed, the headlight was
torn loose, and part of the right front fender was broken off. The right front wheel and suspension
remained intact with the exception that the ends of the leaf springs fractured near their mounts at both
forward and rear connection points. The left front and rear suspension remained attached as well as all
the vehicle wheels and tires. All tires remained inflated. The steps on the passenger side were deformed
from making contact with the steel rail. The driver’s side door, A-pillar, fender, and cab roof were
deformed when the vehicle rolled onto its side, including cracking the windshield. All the window glass
was undamaged during interaction with the test article. Nearly all the damage to the cargo box also
occurred when the vehicle rolled onto its side. The shear plates on the frame were slightly bent but
otherwise remained intact. The bed shifted a minor amount. The threaded rods to secure the ballast
were undamaged and helped to keep motion of the ballast to a minimum. Photos of the vehicle post-
impact can be found in Figure 7-14 through Figure 7-24. The maximum amount of passenger
compartment deformation measured by known points was 81 mm (3.2 in), which occurred at the
floorboard. All interior deformations were below the maximum MASH 2016 limits. All interior
deformation measurements are shown in Table 9-29 through Table 9-32.
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Figure 7-14 Test 4-12 Test Vehicle Top Post-Test

Figure 7-15 MASH 4-12 Test Vehicle Undercarriage After Impact
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Figure 7-16 MASH 4-12 Test Vehicle Ballast After Impact

Figure 7-17 MASH 4-12 Test Vehicle Front Undercarriage and Suspension After Impact
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Figure 7-18 MASH 4-12 Test Vehicle Undercarriage and Suspension After Impact

Figure 7-19 Test 4-12 Test Vehicle (Impact, Right Side) Post-Test (righted)
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Figure 7-20 Test 4-12 Test Vehicle (Front Right) Post-Test (righted)

Figure 7-21 Test 4-12 Test Vehicle (Front) Post-Test (righted)
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Figure 7-22 Test 4-12 Test Vehicle (Left Side) Post-Test (righted)

Figure 7-23 Test 4-12 Test Vehicle (Front Left Side) Post-Test (righted)
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Figure 7-24 Test 4-12 Test Vehicle (Rear Left) Post-Test (righted)

Figure 7-25 Test 4-12 Test Vehicle (Rear) Post-Test (righted)
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Figure 7-26 Test 4-12 Test Vehicle (Front Right) Post-Test (righted)

Figure 7-27 Test 4-12 Test Vehicle Occupant Compartment Deformation Post-Test

66



California Department of Transportation
Report No. FHWA/CA22-3033
FINAL 8/4/2022

Table 7-2 Test 110MASH4S19-02 Test Data Summary Sheet

0.000 sec. [Frame 288] 0.160 sec. [Frame 368]

0.640 sec. [Frame 608]  0.800 sec. [Frame 688]

__________________________________ California, Department of
Transportation

_________________________________ 110MASH4519-02
MASH16 Test 4-12

CA ST-75 Bridge Rail
100 ft (30.5 m)

Key Elements — Barrier
. Description
e BaseWidth
e  Height

Test Vehicle
e  Designation/Make/Model

CA ST-75 Bridge Rail
24 in (610 mm)
36in (910 mm)

10000S/ 2013 International
4300 SBA

14733 Ib (6683 kg)

22077 Ib (10014 kg)

22077 Ib (10014 kg)

e Testlnertial
e  Gross Static.____
Impact Conditions
e Speed 54.4 mph (87.5 kph)
_____________________________ 15.3°
e  Location/Orientation 4.7 ft (1.4 m) upstream
of middle of post

151 kip-ft (205 kJ)

. Impact Severity
Exit Conditions

e Speed 49.6 mph (79.8 kph)

e Angle 8°

. Exit Box Criterion_______ ..
Post-impact Trajectory

e  Vehicle Stability Not applicable

e  Stopping Distance (from point of impact) Approx. 241 ft

e  (73.5m) downstream and 51 ft (15.5 m)
Test Article Damage Deformed post plates,

permanent deflection in rail

0.320 sec. [Frame 448] 0.480 sec. [Frame 528]

0.960 sec. [Frame 768]  1.120 sec. [Frame 848]

Test Article Deflections
e PermanentSet*
e  Dynamic* 3.25in (83 mm)
e  Working Width** ~45 in (1140 mm), at a height of
approximately 11.5-12 ft above ground
Vehicle Damage Moderate

1.5in (38 mm)

o VDS 01-RFQ-2, 01-RD-2,
03-RBQ-2, 03-RP-2, 09-L&T-2
e CDC* 01RREK2, 03RDES2, 09LDGW3

e  Vehicle Snagging None
e  Vehicle Pocketing None
Transducer Data
Transducer
Measured Value DataBrick | SLICE-656 SLICE-659
328 (cab) (cargo box) | (cargo box)
Long. -3.7 -1.4 -2.0
50 ms Average (g) | at. 7.6 -17.2 7.2
Roll -110.8 -113.6 -112.4
Max Angle Pitch 11.9 7.1 6.1
Deg.
Yaw 82.3 96.0 90.5
Max Angle During | o, 18.5 17.9 18.6
Impact Deg.

* Measured with string potentiometers, not within Scope of
Accreditation

** Estimated from upstream high-speed video, not within Scope of
Accreditation
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Discussion of Test Results

MASH 2016 recommends that crash test performance be assessed according to three evaluation factors:
(1) structural adequacy, (2) occupant risk, and (3) post-impact vehicular response.

The structural adequacy and occupant risk associated with the ST-75 Bridge Rail were evaluated using
evaluation criteria found in Tables 2.2A (Recommended Test Matrices for longitudinal barriers), 5.1A
(Safety Evaluation Guidelines for Structural Adequacy), and 5.1B (Safety Evaluation Guidelines for
Occupant Risk) of MASH 2016. The post-impact vehicular response was evaluated using Section 5.2.3 of
MASH 2016.

The structural adequacy of the ST-75 Bridge Rail was acceptable in MASH Test 4-12.

Refer to Table 7-3 for the assessment summary of the safety evaluation criteria for Test 4-12 of the ST-75
Bridge Rail.

The occupant risk was acceptable. The maximum amount of passenger compartment deformation
measured by known points was 81 mm (3.2 in), which occurred at the floorboard. All interior
deformations were below the maximum MASH 2016 limits. All interior deformation measurements are
shown in Table 9-29 through Table 9-32. There was no occupant compartment penetration or potential
for it. The occupant compartment was not compromised. The vehicle rolled onto its side after it lost
contact with the bridge rail. However, it is preferable but not a requirement of MASH Test 4-12 that the
vehicle remain upright during and after impact.

Refer to Table 7-3 for the assessment summary of the safety evaluation criteria for Test 4-12 of the ST-75
Bridge Rail.

The vehicle trajectory was acceptable. The exit trajectory was within the exit box.

Figure 7-28 Exit Box for Longitudinal Barriers (AASHTO, 2016)

Refer to Table 7-3 for the assessment summary of the safety evaluation criteria for Test 4-12 of the ST-
75 Bridge Rail.
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Table 7-3 110MASH4S19-02 Assessment Summary
Evaluation Criteria Test Results Assessment
Structural Adequacy
A. Test article should contain and redirect the vehicle; the The vehicle was
Yehicle sfhould not penetrate, underride, or ov..erride the contained and PASS
installation, although controlled lateral deflection of the test redirected smoothly.
article is acceptable.
Occupant Risk
D. Detached elements, fragments, or other debris from the
test article should not penetrate or show potential for o
penetrating the occupant compartment, or personnel in a The barrier did not
work zone. detach any elements, PASS
fragments, and/or other
Deformations of, or intrusions into, the occupant debris
compartment should not exceed limits set forth in Section
5.2.2 and Appendix E.
Occupant Risk The vehicle rolled onto
E. Itis preferable, although not essential, that the vehicle the driver’s side and PASS
remain upright during and after the collision. skidded until it came to
rest.
Vehicle Trajectory
It is preferable that the vehicle be smoothly redirected, and
this is typically indicated when the vehicle leaves the barrier
within the "exit box". The concept of the exit box is defined
by the initial traffic face of the barrier and a line parallel to
the initial traffic face of the barrier, at a distance A plus the A=27.27ft(8.31m) PASS

width of the vehicle plus 16 percent of the length of the
vehicle, starting at the final intersection (break) of the wheel
track with the initial traffic face of the barrier for a distance
of B. All wheel tracks of the vehicle should not cross the
parallel line within the distance B.

B = 65.6 ft (20 m)

69



California Department of Transportation
Report No. FHWA/CA22-3033
FINAL 8/4/2022
8. Conclusions and Recommendations

Based on the physical crash testing involved in this project, the following conclusions can be drawn:

1. The ST-75 Bridge Rail can successfully redirect an 1100-kg (2420 lbs) small car impacting at 100
kph (62 mph) and 25°.

2. The ST-75 Bridge Rail can successfully redirect a 2270-kg (5000 lbs) pickup car impacting at 100
kph (62 mph) and 25°.

3. The ST-75 Bridge Rail can successfully redirect a 10000-kg (22000 lbs) single-unit truck impacting
at 90 kph (56 mph) and 15°.

As tested, The ST-75 Bridge Rail meets the American Association of State Highway and Transportation
Officials (AASHTO) Manual for Assessing Safety Hardware 2016 (MASH 2016) criteria for Test 4-10, Test
4-11, and Test 4-12 for longitudinal barriers. Based on the successful completion of these tests the ST-75
Bridge Rail meets the MASH 2016 safety criteria for a Test Level 4 (TL-4) longitudinal barrier.

For reduced maintenance after more severe hits such as Test 4-12 in this report, it is recommended to
stiffen the post base plates in order to reduce or eliminate the type of deformation observed in Test 4-12.
The ST-75 demonstrated it has significant remaining capacity to contain and redirect the 10000S test
vehicle and stiffening the base plate would likely not compromise this capacity. Also, this base plate
change should have no adverse effect on the results of Tests 4-10 and 4-11 since the post base plates
were already rigid enough to withstand those impacts without permanent deformation. The statements
in this paragraph are outside the Lab’s Scope of Accreditation.

Implementation will be carried out by Caltrans Division of Engineering Services, Structures and
Engineering Services. They will be responsible for the preparation of Standard Plans (if required) and
specifications for the California ST-75 Bridge Rail, with technical support from the Division of Research,
Innovation and System Information.
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9. Appendix A: Vehicle Equipment and Test Data

Test Vehicle Equipment

The vehicle used for this test was a 2017 Nissan Versa Sedan. Since the vehicle was towed and not self-
powered, the fuel in the gas tank was pumped out and gaseous CO, added to purge the gas vapors and
eliminate oxygen. One pair of 12-volt wet cell batteries was mounted in the vehicle. The batteries
powered two GMH DataBrick 3 transient data recorders. Each DataBrick 3 was connected to a set of
orthogonal accelerometers and angular rate sensors, and one with an optical switch to measure impact
speed. Two DTS SLICE MICRO systems were also installed each with a set of triaxial accelerometers and
angular rate sensors. A 12-volt deep-cycle gel cell battery powered the Electronic Control Box. The
Databrick 3 with the optical switch had a power-related data loss so the impact speed had to be
determined using an overhead camera rather than the optical switch.

Figure 9-1 Data Brick IIl’s installed for Test 4-10
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Figure 9-2 Test 4-10 Vehicle Dummy and Instrumentation

A 4800 kPA (700 psi) CO, system, actuated by a solenoid valve, controlled remote braking after the impact
and emergency braking if necessary. Part of this system was a pneumatic ram which was attached to the
brake pedal. The operating pressure for the ram was adjusted through a pressure regulator during a series
of trial runs prior to the actual test. Adjustments were made to ensure the shortest stopping distance
without locking up the wheels. When activated, the brakes could be applied in less than 100 milliseconds.

A speed control device was connected in-line with the engine ignition coil power circuits on the tow
vehicle. It was used to regulate the speed based on the signal from the tow vehicle transmission speed
sensor. This device was calibrated prior to the test by conducting a series of trial runs through a speed
trap comprised of two tape switches (set at a specific distance apart) and a digital timer.

The vehicle used for this test was a 2018 Dodge RAM 1500 Quad Cab. One pair of 12-volt wet cell batteries
was mounted in the vehicle. The batteries powered two GMH DataBrick 3 transient data recorders. Each
DataBrick 3 was connected to a set of orthogonal accelerometers and angular rate sensors, and one with
an optical switch to measure impact speed. Two DTS SLICE MICRO systems were also installed each with
a set of triaxial accelerometers and angular rate sensors. A 12-volt deep-cycle gel cell battery powered
the Electronic Control Box. The Databrick 3 with the optical switch had a power-related data loss so the
impact speed had to be determined using an overhead camera rather than the optical switch.
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Figure 9-3 Test 4-11 Vehicle Instrumentation

Figure 9-4 Test 4-11 Vehicle Instrumentation
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Figure 9-5 Test 4-11 Accelerometers and Angular Rate Sensors

A 4800 kPA (700 psi) CO, system, actuated by a solenoid valve, controlled remote braking after the impact
and emergency braking if necessary. Part of this system was a pneumatic ram which was attached to the
brake pedal. The operating pressure for the ram was adjusted through a pressure regulator during a series
of trial runs prior to the actual test. Adjustments were made to ensure the shortest stopping distance
without locking up the wheels. When activated, the brakes could be applied in less than 100 milliseconds.

A speed control device was connected in-line with the with the engine ignition coil power circuits on the
test vehicle. It was used to regulate the speed based on drive shaft rotation detected by an optical sensor.
This device was calibrated prior to the test by conducting a series of trial runs through a speed trap
comprised of two tape switches (set at a specific distance apart) and a digital timer.

The vehicle used for this test was a 2013 International 4300 SBA. One pair of 12-volt wet cell batteries
was mounted in the vehicle. The batteries powered two GMH DataBrick 3 transient data recorders that
were mounted in the cab of the vehicle. Each DataBrick 3 was connected to a set of orthogonal
accelerometers and angular rate sensors, and one with an optical switch to measure impact speed. Two
DTS SLICE MICRO systems were also installed in the cargo box area. Each had a set of triaxial
accelerometers and angular rate sensors. A 12-volt deep-cycle gel cell battery powered the Electronic
Control Box. The Databrick 3 with the optical switch had a power-related data loss so the impact speed
had to be determined using an overhead camera rather than the optical switch.
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Figure 9-6 Test 4-12 Accelerometers and Angular Rate Sensors in Cab

Figure 9-7 Test 4-12 Accelerometers, Angular Rate Sensors, and other Instrumentation in Cargo Box

A 4800 kPA (700 psi) CO; system, actuated by a solenoid valve, controlled remote braking after the impact
and emergency braking if necessary. Part of this system was a pneumatic ram which was attached to the
brake pedal. The operating pressure for the ram was adjusted through a pressure regulator during a series
of trial runs prior to the actual test. Adjustments were made to ensure the shortest stopping distance
without locking up the wheels. When activated, the brakes could be applied in less than 100 milliseconds.

The test vehicle speed was controlled by an onboard speed limiter that is standard for this type vehicle.
Before the test the vehicle’s limiter was programed by a local service provider. To ensure that the limiter
was set properly, a series of test runs were conducted using a GHM Engineering HFW80 Fifth Wheel
Sensor.

The test vehicle was pushed by another vehicle so that the impact speed could be reached in the limited
distance of roughly 640 m (2100 ft) available at the testing facility. A set push distance was established.
Once the push vehicle had traveled this distance, it slowed down and allowed the test vehicle to continue
accelerating until it reached the target speed. Onboard the push vehicle a speed control device was
connected in-line with the engine ignition coil power circuits. It was used to regulate the speed based on
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the signal from the vehicle transmission speed sensor. This device was calibrated prior to the test by

conducting a series of trial runs through a speed trap comprised of two tape switches (set at a specific
distance apart) and a digital timer.

Test Vehicle Guidance System

A rail guidance system directed the vehicle into the barrier. The guidance rail, anchored at approximately
3.8 m (12.5 ft) intervals along its length was used to guide a mechanical arm, which was attached to the
hub of the front left wheel of the vehicle. A plate and lever were used to trigger the release pin on the
guidance arm, thereby releasing the vehicle from the guidance system before impact.

Figure 9-8 Typical Guidance System Layout
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Figure 9-9 Guide Arm Releasing from Test Vehicle

Figure 9-10 Guide Arm Released from Vehicle

Photo - Instrumentation

Several high-speed video cameras recorded the impact during the test. The high-speed video frame rates
were set to 500 frames per second. The types of cameras and their locations are shown in Figure 9-11
and Table 9-1 thru Table 9-3. The origin of the coordinates is at the intended point of impact.
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Figure 9-11 High-Speed Video Camera Locations (Not to Scale)
Table 9-1 110MASH4C19-01 Camera Types and Location Coordinates
Camera Camera Camera Lens SL:rr;:I Coordinates, ft. (m)
Location Make/Model | Serial No. No X y z*
Vision
U slecaam Research 22361 35mm | 173792 (223573.?)) 00626) (142)
P Miro 111 ' ' '
V2 Olympus 28-200 -278.2 1.8 7
Downstream iSpeed3 1400014 mm 402495 (-84.8) (0.55) (2.1)
Olympus -0.6 -54.1 5.5
V3 Across iSpeed3 1400022 20 mm | 182398 (-.18) (-16.5) (1.7)
V4 Vision
Upstream Research 13235 20mm | 447169 (02'743) (:le'g) (7256)
Tower Miro 110 ' ' '
V5 Vision
Downstream Research 13234 14 mm | 217706 (_-28733) (:3'3) (1257)
Tower Miro 110 ’ ' '
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Table 9-2 110MASH4P18-02 Camera Types and Location Coordinates

Lens Coordinates, ft. (m)
Camera Camera Camera Lens Serial
Location Make/Model | Serial No. No. X y 7*
88.4 -0.3 5
vi Olympus | 1100012 | 35mm | 173792
Upstream iSpeed3 (26.9) (-0.1) (1.5)
_ -277.7 3.3 7
v2 Olympus 1400014 | 287290 | 402405
Downstream iSpeed3 mm (-84.6) (1.0) (2.1)
-0.9 -54.0 5.0
V3 Across (.)S'ym':;“ss 1400022 | 20 mm | 182398
I>pee (-0.3) (-16.5) (1.5)
\Z Vision 2.4 -4.4 25
Upstream Research 13235 20mm | 447169
Tower Miro 110 (0.73) (-1.3) (7.6)
V5 Vision -27.3 -8.7 35
Downstream Research 13234 14 mm | 217706
Tower Miro 110 (-8.3) (-2.7) (10.7)
Table 9-3 110MASH4519-02 Camera Types and Location Coordinates
Camera Camera Camera Lens SL:r?:I Coordinates, ft. (m)
Location Make/Model | Serial No. No. X y 2*
Vi Vision 86.1 2.0 5
Ubstream Research 22361 35mm | 173792
P Miro 111 (26.2) (0.6) (1.5)
) -323.4 1.1 10
v2 Olympus 1400014 | 287290 | 402405
Downstream iSpeed3 mm (-98.6) (0.3) (3)
0.9 -53.9 5.0
V3 Across (.)S'ym':;“ss 1400022 | 20 mm | 182398
I>pee (0.3) (-16.4) (1.5)
V4 Vision 0.9 5.2 25
Upstream Research 13234 14 mm | 217706
Tower Miro 110 (0.3) (-1.6) (7.6)
V5 Vision -36.5 7.6 25
Downstream Research 13235 20 mm | 447169
Tower Miro 110 (-11.1) (-2.3) (7.6)

*Camera elevations were estimated.
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The following are the pretest procedures that were required to enable video data reduction to be
performed using the Research’s video analysis software (Phantom Camera Control):

1. Butterfly targets were attached to the top and sides of the test vehicle. The targets were
located on the vehicle at intervals of 500 mm (19.7 in) and 1000 mm (39.4 in). The targets
established scale factors.

2. Flashbulbs, mounted on the test vehicle, were electronically triggered to establish initial
vehicle-to-barrier contact and the time of the application of the vehicle brakes.

3. High-speed digital video cameras were all time-coded using a portable computer and were
triggered as the test vehicle passed over a tape switch located on the vehicle path upstream
of impact.

Electronic Instrumentation and Data

Transducer data were recorded at 10,000 samples/second on two separate GMH Engineering, Data Brick,
Model lll, digital transient data recorders (TDRs) and two separate Diversified Technical Systems, Inc. (DTS)
SLICE Micro data acquisition systems that were mounted in the test vehicle. The DataBricks were each
connected to a set of accelerometers and a set of angular rate sensors that were located at the center of
gravity. The DTS SLICE units each contain a set of accelerometers and angular rate sensors and were
mounted at the center of gravity. The TDR data were reduced using a desktop personal computer. DADISP
6.7 version B02 was used for pre-processing. TRAP was used for the post-processing. Accelerometer and
angular rate sensor specifications are shown in Table 9-4 thru Table 9-6.
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Table 9-4 Test 110MASH4C19-01 Accelerometer and Angular Rate Sensor Specifications

Type Manufacturer Model Serial # | Location Range | Orientation
Accelerometer Endevco 722638{I214— 116416 CG +200g | Longitudinal
Accelerometer Measu‘rerT]ent 64CM32 MS13328 CG 1200 g Lateral

Specialties
Accelerometer | Me3SUrement |30 | Ms13366 | CG £200g | Vertical
Specialties
Data
- +
Angular Rate |\ 0 icition ARS-1500 1\ e 4018 G +1500 Roll
Sensors (1000HZ) deg/s
Systems
Angular Rate Data ARS-1500 +1500
Sensors Acquisition (1000H2) AR4217 CG deg/s Pitch
Systems
Angular Rate Data ARS-1500 £1500
& Acquisition ARS3348 G * Yaw
Sensors (1000HZ) deg/s
Systems
s Diversified
Triaxial Technical | “HCEMICRO 1) 00200 G +500 g
Accelerometer 500 g
Systems
Triaxial Diversified SLICE MICRO +1500
Angular Rate Technical 1500 AR00165 CG ::Ie /s
Sensors Systems degree/sec g
. Diversified
Triaxial Technical | >HCEMICRO T4 00223 G +500 g
Accelerometer 500 g
Systems
Triaxial Diversified SLICE MICRO +1500
Angular Rate Technical 1500 AR00166 CG B
deg/s
Sensors Systems degree/sec
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Table 9-5 Test 110MASH4P18-02 Accelerometer and Angular Rate Sensor Specifications
Type Manufacturer Model Serial # | Location Range Orientation
Accelerometer | Me3SUrement | 3o | Ms13361 | C6 £200g | Longitudinal
Specialties
M
Accelerometer | Vcasurement | g o3 | Ms13329 | CG £200 g Lateral
Specialties
Accelerometer | Me3sUrement | o vz | Ms13364 | CG £200 g Vertical
Specialties
Data
Angular Rate L ARS-1500 +1500
Sensors Acquisition (1000H2) ARS3355 CG deg/s Roll
Systems
Data
- +
AngularRate | isition ARS-1500 1 hpo33zs | co +1500 Pitch
Sensors (1000HZ) deg/s
Systems
Data
- +
AngularRate | ) isition ARS-1500 | \pean19 | ca +1500 Yaw
Sensors (1000HZ) deg/s
Systems
. Diversified
Triaxial Technical | SHCEMICRO |0 00200 | ca +500 g
Accelerometer 500g
Systems
Triaxial Diversified SLICE MICRO +1500
Angular Rate Technical 1500 AR00165 CG B
deg/s
Sensors Systems degree/sec
Diversified
Triaxial LICE MICR
riaxia Technical | “HEEMICRO |y 00223 | ca 500 g
Accelerometer 500g
Systems
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Table 9-6 Test 110MASH4519-02 Accelerometer and Angular Rate Sensor Specifications

Type Manufacturer Model Serial # | Location | Range Orientation
Accelerometer | ME3SUreMeNt [y \130 | Ms13361| G | #2008 | Longitudinal
Specialties
M
Accelerometer | VcasUrement | g o3y | Ms13329 | €6 | #200g Lateral
Specialties
Accelerometer | Me3SUrement |30 | Ms13364 | cG | #2008 Vertical
Specialties
Data
Angular Rate L ARS-1500 +1500
Sensors Acquisition (1000H2) ARS3355 CG deg/s Roll
Systems
Data
- +
AngularRate |, o isition ARS1500 | \psa3zs | ¢ | 100 Pitch
Sensors (1000HZ) deg/s
Systems
Data
- +
AngularRate | ) isition ARS-1500 | \peaorg | ce | TP Yaw
Sensors (1000HZ) deg/s
Systems
o Diversified
Triaxial Technical | SHCEMICRO | 00200 | ¢ | #5008
Accelerometer 500 g
Systems
Triaxial Diversified SLICE MICRO +1500
Angular Rate Technical 1500 AR00165 CG B
deg/s
Sensors Systems degree/sec
Diversified
Triaxial LICE MICR
flaxia Technical | SHCEMICRO 00223 | 6 | 500
Accelerometer 500g
Systems
Triaxial Diversified SLICE MICRO +1500
Angular Rate Technical 1500 AR00166 CG B
deg/s
Sensors Systems degree/sec

A rigid stand with three retro-reflective 90° polarizing tape strips spaced 1000 mm (39.4 in) apart was
placed on the ground near the test article and alongside the path of the test vehicle. The strips were
measured immediately before the test to account for any thermal expansion. The test vehicle had an
onboard optical sensor that produced sequential impulses or “event blips” as the vehicle passed the
reflective tape strips. The event blips were recorded concurrently with the accelerometer signals on the
TDR, serving as “event markers”. The impact velocity of the vehicle could be determined from these
sensor impulses, the data record time, and the known distance between the tape strips. A pressure
sensitive tape switch on the front bumper of the vehicle closed at the instant of impact and triggered two
events: 1) “event marker” was added to the recorded data, and 2) a flashbulb mounted on the top of the
vehicle was activated. One set of pressure activated tape switches, connected to a speed trap, was placed
4 m apart just upstream of the test article to check the impact speed of the test vehicle (not a reported
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measurement). The layout for all the pressure sensitive tape switches and reflective tape is shown in
Figure 9-12.

Direction of Travel

Rigid frame with 3
retro-reflective strips at
1.0ma.C

— N cp-cd TrapEY at4.0m O.C

Figure 9-12 Speed Trap Tape Layout
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Vehicle Measurements

Table 9-7 Test 4-10 Exterior Vehicle Measurements

85



California Department of Transportation
Report No. FHWA/CA22-3033
FINAL 8/4/2022
Table 9-8 Test 4-10 CG Calculation: Curb Weight
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Table 9-9 Test 4-10 CG Calculation: Test Inertial Weight
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Table 9-10 Test 4-10 CG Calculation: Gross Static Weight
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Table 9-11 Test 4-10 Interior Floor and Transmission Tunnel Pre, Post, and Deformation Measurements
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Table 9-12 Test 4-10 Interior Side Front Panel and Roof Pre, Post, and Deformation Measurements
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Table 9-13 Test 4-10 Interior Windshield and Dashboard Pre, Post, and Deformation Measurements
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Table 9-14 Test 4-10 Interior Side Pre, Post, and Deformation Measurements
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Table 9-15 Test 4-11 Exterior Vehicle Measurements
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Table 9-16 Test 4-11 CG Calculation: Curb Weight
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Table 9-17 Test 4-11 CG Calculation: Test Inertial Weight
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Table 9-18 Test 4-11 CG Calculation: Gross Static Weight
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Table 9-19 Test 4-11 CG Calculation: Vertical CG Weight
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Table 9-20 Test 4-11 Vertical CG Calculation: Worksheet
Policies and Procedure Manual Revised 6/27/2017
Roadside Safety Research Group lof2
Attachment 5.6 (a) -— Vehicle Center of Gravity Worksheet
RSRG Vertical Center of Gravity Worksheet
Vehicle Information
Year: 2018 Model: Dodge
Make: Ram 1500 WIN: 1C6RREFGTI5293929
Curb or Inartial Measurement: Inertial Test #: 110MASH4P18-02
Tape Measure Used: 5m-CP01 & 5m-CP02 Scale Set Used: 2500 lbs
Vehicle and Equipment Measurements

Vehicle Mass and Measurements (From CG Worksheet):
Hub to Hub Whes| Base: 3569 mm  Vehicle Width [Ave of Center of Tires) 1727 mm
Cgy Offset (-Driver side, +Pass. Side) -16 mm  Total Vehicle Mass: 2251.8 kg
Dwvr. Front Tire Mass: 619.4 kg Dwr. Rear Tire Mass: 527.35 kg
Scale Color: red Scale Color: yellow
Pass. Front Tire Mass: 607.45 kg Pass. Rear Tire Mass: 457.7 kg
Scale Color: green Scale Color: blue
Vehicle Height From the Top of the Rim Inner Lip to the Bottom of the Wheel Well:
Driver Front: 306 mm  Driver Rear: 350 mm
Passenger Fromt: 301 mm  Passenger Rear: 351 mm
Height From Ground to Center of Support:
Driver Front: 430.5 mm  Driver Rear: 449 mm
Passenger Fromt: 446.5 mm  Passenger Rear: 452.5 mm
Shock Mass:
Driver Front: 2.15 kg Passenger Front: 2,15 kg
Scale Color: red Scale Color: rad
Height From Ground to Center of Wheel Hub:
Driver Front: 382 mm  Driver Rear: 352 mm
Passenger Front: 382 mm Passenger Rear: 382 i
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Table 9-20 Test 4-11 Vertical CG Calculation: Worksheet (continued)

99



California Department of Transportation
Report No. FHWA/CA22-3033
FINAL 8/4/2022
Table 9-21 Test 4-11 Vertical CG Calculation: Measurement and Report
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Table 9-22 Test 4-11 Interior Floor Pre, Post, and Deformation Measurements
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Table 9-23 Test 4-11 Interior Dash and Roof Pre, Post, and Deformation Measurements
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Table 9-24 Test 4-11 Interior Door Pre, Post, and Deformation Measurements
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Table 9-25 Test 4-12 Exterior Vehicle Measurements
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Table 9-26 Test 4-12 CG Calculation: Curb Weight
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Table 9-27 Test 4-12 CG Calculation: Test Inertial Weight
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Table 9-28 Test 4-12 CG Calculation: Gross Static Weight
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Table 9-29 Test 4-10 Interior Floor and Transmission Tunnel Pre, Post, and Deformation Measurements
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Table 9-29 (continued)
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Table 9-30 Test 4-10 Interior Roof Pre, Post, and Deformation Measurements
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Table 9-31 Test 4-10 Interior Windshield and Dashboard Pre, Post, and Deformation Measurements
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Table 9-32 Test 4-10 Side Pre, Post, and Deformation Measurements
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Data Plots

The TRAP data plots and summary sheets are shown in Figure 9-13 through Figure 9-62 The plots included
are the accelerations, angular rate sensor rates, angular rate sensor degrees, Acceleration Severity Index
(ASI), and TRAP test summary sheets. All data were analyzed using TRAP.

As mentioned previously, data was lost from one of the GMH Engineering DataBrick 3’s. The data from
the remaining DataBrick 3 and both SLICE systems were analyzed using TRAP. The TRAP results sheets and
data plots are shown below.
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Databrick 3 Plots (DB327)

Figure 9-13 Test 4-10 TRAP Summary Sheet (DataBrick 3)
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Figure 9-14 Test 4-10 Longitudinal Acceleration (Databrick 3)
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Figure 9-15 Test 4-10 Lateral Acceleration (Databrick 3)
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Figure 9-16 Test 4-10 Vertical Acceleration (Databrick 3)
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Figure 9-17 Test 4-10 Roll, Pitch, and Yaw Rates (DataBrick 3)
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Figure 9-18 Test 4-10 Roll, Pitch, and Yaw Angles (DataBrick 3)
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Figure 9-19 Test 4-10 Acceleration Severity Index (DataBrick 3)
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SLICE BASE 656 Plots

Figure 9-20 Test 4-10 TRAP Summary Sheet (SLICE 656)
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Figure 9-21 Test 4-10 Longitudinal Acceleration (SLICE 656)
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Figure 9-22 Test 4-10 Lateral Acceleration (SLICE 656)
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Figure 9-23 Test 4-10 Vertical Acceleration (SLICE 656)
Roll, Pitch and Yaw Rates
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Figure 9-24 Test 4-10 Roll, Pitch, and Yaw Rates (SLICE 656)
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Figure 9-25 Test 4-10 Roll, Pitch, and Yaw Angles (SLICE 656)
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Figure 9-26 Test 4-10 Acceleration Severity Index (SLICE 656)
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SLICE BASE 659 Plots

Figure 9-27 Test 4-10 TRAP Summary Sheet (SLICE 659)
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Figure 9-28 Test 4-10 Longitudinal Acceleration (SLICE 659)
Y Acceleration at CG
10
0 ﬂ [\ {\ /\/\ A\ AAN P\ An
T i
-20
30 m } Test Number: 110MASH4C19-01
h Test Article: ST-75 Steel Post Bridge Rail 1100C Small Car DTS Slice(659
Test Vehicle: 2017 Nissan Versa
40 ! Inertial Mass: 1083.7 kg
Gross Mass: 1165 kg
Impact Speed: 63.4 mph
-50 Impact Angle: 25.4 degrees
-60
'700 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Time (sec)
— Time of OIV (0.0743 sec) —— SAE Class 60 Filter ‘

Figure 9-29 Test 4-10 Lateral Acceleration (SLICE 659)
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Figure 9-30 Test 4-10 Vertical Acceleration (SLICE 659)
Roll, Pitch and Yaw Rates
600 I I I I I I
Test Number: 110MASH4C19-01
Test Article: ST-75 Steel Post Bridge Rail 1100C Small Car DTS Slice|659
400 Test Vehicle: 2017 Nissan Versa
Inertial Mass: 1083.7 kg
Gross Mass: 1165 kg
Impact Speed: 63.4 mph
200 Impact Angle: 25.4 degrees
0 ] %.’%um i
|
200 wwmm‘“’ﬂ
-400
—6000 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Time (sec)
— Roll_—— Pitch — Yaw |

Figure 9-31 Test 4-10 Roll, Pitch, and Yaw Rates (SLICE 659)
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Figure 9-32 Test 4-10 Roll, Pitch, and Yaw Angles (SLICE 659)
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Figure 9-33 Test 4-10 Acceleration Severity Index (SLICE 659)
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Data from one GMH Engineering DataBrick 3 and one SLICE system were analyzed with TRAP. The test
summary sheets and data plots are shown below.

Databrick 3 (DB328)

Figure 9-34 Test 4-11 TRAP Summary Sheet (DataBrick 3)
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Figure 9-35 Test 4-11 Longitudinal Acceleration (DataBrick 3)
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Figure 9-36 Test 4-11 Lateral Acceleration (DataBrick 3)
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Figure 9-37 Test 4-11 Vertical Acceleration (DataBrick 3)
Roll, Pitch and Yaw Rates
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Figure 9-38 Test 4-11 Roll, Pitch, and Yaw Rates (DataBrick 3)
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Figure 9-39 Test 4-11 Roll, Pitch, and Yaw Angles (DataBrick 3)
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Figure 9-40 Test 4-11 Acceleration Severity Index (DataBrick 3)
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SLICE 656 Data Plots

Figure 9-41 Test 4-11 TRAP Summary Sheet (SLICE 656)
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Figure 9-42 Test 4-11 Longitudinal Acceleration (SLICE 656)
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Figure 9-43 Test 4-11 Lateral Acceleration (SLICE 656)
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Figure 9-44 Test 4-11 Vertical Acceleration (SLICE 656)
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Figure 9-45 Test 4-11 Roll, Pitch, and Yaw Rates (SLICE 656)
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Figure 9-46 Test 4-11 Roll, Pitch, and Yaw Angles (SLICE 656)
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Figure 9-47 Test 4-11 Acceleration Severity Index (SLICE 656)
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Two sets of accelerometers and angular rate sensors were installed in both the cab and cargo box area.
One set of instrumentation in the cab was lost before it could be downloaded. The data plots for the three
functional sets of instrumentation are shown below.

Databrick 328 Data Plots (Inside Cab)
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Figure 9-48 Test 4-12 Longitudinal Acceleration Inside Cab (Databrick 3)
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Figure 9-49 Test 4-12 Lateral Acceleration Inside Cab (Databrick 3)
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Figure 9-50 Test 4-12 Vertical Acceleration Inside Cab (Databrick 3)
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Figure 9-51 Test 4-12 Roll, Pitch, and Yaw Rates Inside Cab (Databrick 3)
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Figure 9-52 Test 4-12 Roll, Pitch, and Yaw Angles Inside Cab (Databrick 3)
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Figure 9-53 Test 4-12 Longitudinal Acceleration Inside Cargo Box (SLICE 656)
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Figure 9-54 Test 4-12 Longitudinal Acceleration Inside Cargo Box (SLICE 656)
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Figure 9-55 Test 4-12 Vertical Acceleration Inside Cargo Box (SLICE 656)
Roll, Pitch and Yaw Rates (Cargo Box)
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Figure 9-56 Test 4-12 Roll, Pitch, and Yaw Rates Inside Cargo Box (SLICE 656)
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Figure 9-57 Test 4-12 Roll, Pitch, and Yaw Angles Inside Cargo Box (SLICE 656)
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Figure 9-58 Test 4-12 Longitudinal Acceleration Inside Cargo Box (SLICE 659)
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Figure 9-59 Test 4-12 Longitudinal Acceleration Inside Cargo Box (SLICE 659)
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Figure 9-60 Test 4-12 Vertical Acceleration Inside Cargo Box (SLICE 659)
Roll, Pitch and Yaw Rates (Cargo Box)
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Figure 9-61 Test 4-12 Roll, Pitch, and Yaw Rates Inside Cargo Box (SLICE 659)
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Figure 9-62 Test 4-12 Roll, Pitch, and Yaw Angles Inside Cargo Box (SLICE 659)
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10. Appendix B: Detail Drawings

The following details in Figure 10-1 through Figure 10-5 were used for the construction of the ST-75 Bridge
Rail test article.
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Figure 10-1 ST-75 Test Article Reaction Block Details
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Figure 10-2 ST-75 Test Article Reaction Slab Details
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Figure 10-3 ST-75 Test Article Details 1
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Figure 10-5 ST-75 Test Article Details 3
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11. Appendix C: Quasi-static Push Test and Anchor Bolt Tensile Testing

The results of the push test and tensile testing are outside the scope of the Lab’s accreditation.
11.1. Quasi-static Push Test

To better understand barrier lateral strength and to measure the force-deflection curve a quasi-static
push test was performed on a section of the barrier that was undamaged from the three full-scale crash
tests. A load frame was modified to provide the desired load height and attached to the simulated bridge
deck using threaded anchor rods. The anchor rods were installed in holes cored through the simulated
bridge deck and restrained with nuts and washers above the load frame and also under the deck. A
hydraulic ram was attached to the load frame and a horizontal load was applied 813 mm (32 in) above the
deck surface at the centerline of Post 6. The barrier was loaded at a fairly constant displacement rate of
about 60 mm/min (2.4 in/min). The load gradually increased until the upstream traffic-side anchor bolt
failed at a post deflection of 97 mm (3.8 in) and load of 390 kN (110,000 Ibf). Deflections were measured
with string potentiometers. See Figure 11-1 for the test results and test setup.

ST-75 Bridge Rail Quasi-Static Lateral Push Test Post 6:
10/28/2020

120.0 Post 6 Deflection
3.82",Load 109.7 KIPS

100.0

80.0

60.0

Load Cell Force [KIPS]

40.0

20.0

0.0

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50
Displacement [inches]

Figure 11-1 Load vs Displacement Test Setup and Curve for Quasi-static Push Test at Post 6
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11.2. Anchor Bolt Tensile Testing

During barrier demolition, the traffic-side anchor bolts at posts 3 and 4 as well as the deformed but still
intact downstream traffic-face anchor bolt at post 6 were saved for tensile testing according to ASTM
A449. The anchor bolts were straightened to during removal of the bridge rail posts and to prepare them
for tensile testing. Photos of the anchor bolts at posts 3 and 4 during barrier demolition are shown in
Figure 11-2 and Figure 11-3. The anchor bolts at Post 6 after the pushover test and after straightening are
shown in Figure 11-4 Post 6 Anchor Bolts with Post Removed. The purpose of the tensile testing was to
determine how much residual capacity (strength) was in each anchor bolt and evaluate the level of strain
in each bolt. It was thought that straightening the bolts as part of a repair after an impact would cause
additional plastic deformation in the bolts so this additional testing would potentially provide some very
useful information about repairs after an impact. As seen in Figure 7-12 and Figure 7-13, the bolts at Post
4 had undergone more deformation than those at Post 3 so it would be expected that they would have
less residual strain capacity. Because the post was tested until failure, it would be expected that the
anchor bolt would have even less residual strain capacity than those at Post 4. Looking at the results
shown in Figure 11-6, the approximate yield stress (Stress at Offset) was less than the Tensile Strength for
both Posts 3 and 4, but the difference was greater at Post 3. The Post 6 anchor bolt Stress at Offset and
Tensile Strength were essentially the same. This shows that the bolts at Posts 3 and 4 were slightly in the
plastic range (Post 3 less than Post 4) and the Post 6 bolt had residual strength despite being far in the
plastic range. As a side note about Figure 11-5, the results were printed in Metric Units but the technician
also recorded all results in English units and handwrote them on the printed results.

Figure 11-2 Post 3 Anchor Bolts with Post Removed
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Figure 11-3 Post 4 Anchor Bolts with Post Removed

Figure 11-4 Post 6 Anchor Bolts with Post Removed
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Figure 11-5 Tensile Test (ASTM A449) Results for Anchor Bolts at Posts 3 and 4 (Post Crash Test), and Post 6 (Post
Quasistatic Push Test)

Sample Peak Load (lbf) Tensile Strength (psi) | Stress at Offset (psi)
1 P3U (Post 3 Upstream) 79,775 131,641 97,800
2 P3D (Post 3 downstream) 87,604 144,546 96,600
3 P4U (Post 4 Upstream) 74,624 123,224 115,000
4 P4D (Post 4 Downstream) 79,419 131,055 123,000
5 P6U (Post 6 Downstream, 72,899 120,295 120,000
mislabeled)

Figure 11-6 Summary of Tensile Test Results in English Units

152



California Department of Transportation
Report No. FHWA/CA22-3033
FINAL 8/4/2022
12. Appendix D: Material Properties and Certifications

The concrete cylinder breaks and material certifications in Appendix C are not within
the Lab’s Scope of Accreditation.

ST-75 Bridge Rail Concrete Cylinder Break Results (Average of Two Cylinders)

Mix 25685210 (Deck Pour) Mix 25605210 (Curb Pour)
Age (Days) Compressive Strength (psi) Compressive Strength (psi)
7 4210 4000
14 5360 (15-day break) 4820
21 5480 5300
28 5700 5500
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Grade 60 #5 Rebar (1 of 1)
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%" Diam. x 3.5” Bolt Assembly (1 of 5)
B LC Fhone: 800-237-7059 Page 1
dshla-gT. ! OUFS SCREW & BOLT P T e ecrewholt
PO BOX 260 . @'5 uisscrewbolt.com
MADISON, IL 62060-0260
ROTATIONAL CAPACITY TEST RESULTS
UIS INC PO 18745
PO BOX 699 Project
PLEASANT GROVE, UT 84062 SO No Us5329
Invoice No
Test No TT0093038 Test Date 09/18/17 Manufacturer Lot No
Bolt 3/4{10)X 5-1/2 A325-1 BOLT HDG SLSB BGOT43
Nut 3/4(10) HVY HEX NUT A563-DH HDG UNYTITE INC. 25082-6214368502
Washer 3/4 F436-1 STRUCTURAL WASHER HDG PRESTIGE STAMPING INC., D3578
Washer 2
Max. Torque
Agtual Torgue FTILB ETILB At Tension At
Installation At Installation Installation Final Rotation Final Rotation
Tension Tension Tension <= .25 Degrees LES. Final Status
Test 1 28,000 254 438 360 40,000 Passed
Test2 28,000 261 438 360 40,000 Passed
Test3
Test4
Test 5
Test No (3 10083089 Test Date 0%/18/117 Manufacturer Lot No
Bolt 1/2(13)X 3-1/2 A325-1 BOLT HDG NUCOR 8806
Nut 1/2(13) HVY HEX NUT A583-DH HDG BRIGHTON-BEST INTERNATION 3822358
Washer 1/2 F438-1 STRUCTURAL WASHER HDG PRESTIGE STAMPING INC. D3736
Washer 2
Wax. Torque
Actual Torgue FTILB FTILE At Tension At
Installation At Installation installation Finai Rotation Final Rotation
Tension Tension Tension <=,25 Degrees LBS. Final Status
Test1 12,000 ag 125 360 18,000 Passed
Test2 12,000 89 125 360 18,000 Passed
Test3
Test4
Test 5

Wi certify that these tests where conducted in secordance with the |atest revision of ASTM F3128/F3125M
supplementary requirements of FHA standards.
SIGN ROEBI MEIER

TITLE LABTECH

This certifisate is advisory only and is not a warranty. This material ie warranted as set fortt
in the Manufacturers Standard VWarranty.
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%” Diam. x 3.5” Bolt Assembly (2 of 5)

SLSB COATING CERTIFICATION OF CONFORMANCE

SLSB PART # L

AAAGO50350

—

DESCRIPTION: [ AR X31/2" A325-1 HDG

QUANITY: |

750

ORIGINAL MANUFACTURER'S LOT#:

376767A ~

SL73730

I
OUTSIDE PROCESSING PO# [
LOT/JOB# l

G38806

THE ABOVE PARTS WERE PURCHASED OR MADE BY SLSB, AND HAVE BEEN SENT
OUT TO BE COATED TO MEET THE MOST CURRENT OF THE FOLLOWING ASTM SPECIFICATION:

(CHECK ONE)

HOT DIP GALVANIZING F2329/A153
MECHANICAL GALVANIZING B695
DACROMET COATING F1136

ZINC PLATING B633

UK

FINAL 8/4/2022

MECHANICAL PROPERTIES PER HOT DIP GALVANIZING
TESTED IN ACGORDANGE WITH Fa08-14

REQUIRED SAMPLE 1

SAMPLE 2

SAMPLE 3

TENSILE LOAD(LEF) 17050

10270 |

20130

19640

PROOFLOAD (INCHES 12050

0.0001

0.0001

0.0002

| HARDNESS (HRC)|  25-34

29.7

29.3

30,4

wattached is @ coaling certification from vendar as well as original bolt cerification

SL5B QG LAB, CERTIFICATIONS

DATE: [

5/8M17

il
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%” Diam. x 3.5” Bolt Assembly (3 of 5)

LOT MO. Post Offi o0
H u = u R FTETETA Saint Joem.ehaazn?-ﬁ?&ﬁ

FASTENER DIVISION Telephone 260/337-1800
CUSTOMER NO/HAHE
155G BRIGHTOM-BEST/CA HUCOR DROER # 975294

TEST REPORT SERIALZ FRAFBSSD CUST PART # ED3032

TEST REPORT [SSUE BRATE  4/16/16

DATE SHIPPED /12716 CUSTOMER P.O. # USE¥SS

HAHE OF LAB SAMPLER: LISA EDGAR, LAE TECHMICIAN
 axEkMMNHMERNNFENCCERTIFIED MATERIAL TEST REPORTEREREEHNEX HENE

HUGDR PART HO QUANTETY OT ND,~, DEscRIPTION e S

160L50 &TED BT&TETA | 1/2-13 X 3 1/2 AS2E HVY HK

HANUFACTURE DATE £/08/16 STRUC SCREW PLAIH

=-CHEMISTRY HMATERIAL GRADE ~103%

MATERIAL HEAT *¥CHEMISTRY CCHFOSITION (WTY HEAT AMALYSIS] 8Y MATERIAL SUPFLIER

HUMBER HUHBER c HH P 5 -4 HUCCR STEEL = SOUTH CAROL
RHDI0E0F DL1SLD0&SE -1 «T? <00 -01% .22

--MECHAMICAL PROPERTIES IN ACCORDANCE WITH ASTH F3l25-152

SURFACE CORE FROOF LOAD TENSILE STRENGTH
HARDHESS HARDHESS 12100 LES 18 DEG-WEDGE
CREONY CREY {LBSY ETRESS (PEID}

HAA 30,7 PASS 1gea0 135437
H#R 2.5 PASS ZHELO 152324
HAf 2.2 PASE 20630 143873
LRy 30.2
AVERABE VALUES FROM TESTS

2F.% 20147 id1ava
PRODUCTION LOT SIZE 20283 PCS
--¥ISUAL IHSPECTION IN ACCORDANCE WITH ASTH F3125-15a 4 PC3. SAHPLED LOT PASSED

HEAT TREATMEWT - AUSTENITIZED, DIL QUENCHED & TEWPERED CMIN 800 DEG F)

==DIMENSIONS PER ASHE BLE.2.6-2010

CHARACTERISTIC #SAMPLEE TEETED HINIHUM HAXTIHUH
Width Aecross Corners B 0,987 0.985
Grip Length B 2.4 2.4%
Head Helight B 0.308 0,518
Threads 8 PﬂSS/ PASS

ALL TESTS ARE EW ACGDRDANCE WETH THE LATEST REVISIDMS OF THE HETHODS PRESCREBED It THE APPLICASLE SAE AND ASTH

SPECIFICATIONS. THE SAWPLES TESTED EOMFORK TO THE SPECIFICATIORS 45 DESCRIBED/LISTED ABOVE AND WERE MANUFACTURED
FREE OF MERCURY CONTAMIMATION. MWD HEATS TO WHICH BISHUTH, SELEHIUM, TELLURIUN, OR LEAD WAS INTENTIOHALLY
ATDED HAVE BEEM USED TO PRODUCE THE 30LTS.

;'(THE STEEL WAS MELTED AND WANUFACTURED LN THE U.3.A. AND THE PREDUCT WAS MAMUFACTURED AMD TESTED IM THE U 5.A.
PRODUCT COMPLIES WITH DFARS 252.226-T0LG. WE CERTIFY THAT THIS DATA IS A TRUE REFRESENTATION OF INFORMATION
FROVIDED BY THE MATERIAL SUPPLIER AND OUR TESTING LABORATORY. THIS CERTIFLIED MATERIAL TEST REPORT RELATES OMLY
Tg THE ITEMS LISTED ON TMIS BOCUMENT AND WAY KOT BE REFRODUCED EXGEPT IN FULL.

HUCOR FASTENER
A DIVISTON OF WUCOR CORPORATION

JoHM W. FERGUSOH

QUALLTY ASSURAKCE SUPERVISOR

ACCREDITI

HESHAHICAL FASTEMER
CERTIFICATE Ho. AZLA 0133.01
EXPIRATION DATE 12/31/LT

Pages 1 of 1
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%” Diam. x 3.5” Bolt Assembly (4 of 5)

' 10T Ko. Post Office Sox 5700
H L-I m n R 3022358 Saint Joe, Inglana 46785
FASTENER DIVISIGN Telephone 260/337-1600

CUSTOHER MOSHAHE
1564 BRIGHTON-BEST/CA

HUCOR ORDER # #0885

TEST REPORT SERLAL# FEELLSGZ CUST PART # L7060
TEST REPORT ISSUE DATE 11/14/16

DATE SHIPPED 12707716 CUSTOMER P.0. # US5BES
HAME OF LAE SAMPLER: RYAN UMSER, LAE TECHHICLAN

e yEaesswEnnsseEr N CERTIFTED _HAT
WUCOR PART HO QUANTITY
17EEST 52200
MANUFACTURE DATE $/2B/16

lﬂﬁl’l!l. HEAEANENN R
scRIFTION
/2-15 GR DH HV HY NUT H.D.G.
HEX HUT H.D.G.

_--EHEKISTR':' HATERIAL GRADE -102éL
HATERIAL HEAT e%CHEHISTRY COMPOSITION {WTX MEAT AMALYSIS) BY HATERIAL SUPPLIER
MUHBER HUKEER < HH P 5 51 HUCOR STEEL = KEBRASKA
RHO3062L HFLE100548 .24 4] .g0s  .el2 .28
——

--HECHAMIGAL PROPERTIES IN ACCORDAMCE WITH ASTH AS65-07a

SURFACE CORE PROOF LOAD TENSILE STRENGTH
HARDHESS HARTMESS 21300 LBS DEG-WEDGE

CRIONY (REY (LES) . STRESS (PSI]
WAk 9.9 PASS HAA WAR
KA 25.6 pASS HAR HFA
HIA B1.6 FASE WA M
Wik 28.9 PASS WA MR
Heh 25.1 PASS HAA NAR
AVERAGE WALUES FROM TESTS

29.0

PRODUCTION LOT SIZE 164080 PCS
- -yISUAL IMSPRECTION IN ACCORDANCE WITH ASTH ABE3-D7a 130 PCS. SAMPLED LOT PASSED
‘--COATING - HOT DIF GALVANIZED TO AETH F2529-13 = GALVANIZING FERFORMED IM THE U.B.A.

1. 0.004%% 2, 0.00491 3. D0.002E% 4. O0.D04%E 6. O0.00453 &, 0.00637 7. D.0051%
&, 0.00587 9. 0.00484 10, 0.00622 1L. 0.00670 12. 0.0045§ 15. 0.0D4B4 14, 0.00530
15, 0.00469
AVERAGE THICKHMESS FROM 15 TESTS 00468

HEAT TREATHEMT = AUSTENITIZED, OIL QUENCHED & TEMPERED (HIN B00 DES F)

-=DIMENSIDNS PER ASHE 318.2.6-2

CHARACTERISTIC #SAMPLES TESTED - HINIHUM HAXTHUM

Width Asrose Corners
Thickness

ALL TESTS ARE IN ACCORDANCE WI

FREE OF HERCURY CONWTAMIMATION.
FTEEL USED TO PRODUC

H
a8 6,977 r.pa3
32 0.481 0.487

T8 THE LATESY REVISIONEZ OF THE METHODS PRESCRIBED IN _THE APPLICABLE SAZ AMD ASTH
SPECIFICATIONS. THE SAWPLES TESTED COKFORM T0 THE SPECIFICATIONS AS DESCREEED/LISTED ABOVE AND WERE MAMUFACTURED

HOo

INTEMTIOMAL AODITIGHS OF SISMUTH, SELEHEUM, TELLURIUM, DR LEAD WERE USED IH THE

THIS PRODUCT .

% THE STEEL WAS MELTED AND HAHUFACTURED IN THE U.S.A. AND THE Fﬁﬂﬁgﬂ;nﬂgs HAHUFACTURED AMD TESTED IH THE U.S
A

PRODUCT CUHF'.IES-I\':TH DFARS 252,226-T014., WE CERTIFY THAT THIS

PROVIDED BY THE HATERIAL SUPFL

IE

S A
% A TRUE REPRESEMTATION OF IKFDRHATION
NDO OUR TESTING LABORATORY. THIS CERTIFIED HATERIAL TEST REPORT RELATES OHLY

E_Al
70 THE CTEMS LISTED ON THIS DOCUMEHT AND HAY HOT BE REFRODUCED EXCERT INM FULL.

HECHAHICAL FASTEHER
CERTIFICATE NO. AZLA DL39.01
EXPIRATION DATE 12551517

KUCOR FASTEMER
A DIVISION OF HUCOR CORPORATION

JOHN W. FERGUSTON . 2

QUALITY ASSURAKCE SUPERVISOR

Page L of 1
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¥%” Diam. x 3.5” Bolt Assembly (5 of 5)
. PRODUCT CERTIFICATION
Prestige 23813 Grossbeck Eigiway CERTIFICATION NUMBER
Stﬂmp IDE, :gsiséf-?v’si'z‘l'ﬁ#g ) rﬁu?gss:wa-zzss 166684
Inc- Wy, PrestigeStanping . oom

e THIS1S TO CERTIFY THE PRODUCT STATED BELOW WAS FABRICATED AND PROCESSED TO THE
ORDER AS INDICATED_AND CONFORMS TO THE APPLICABLE SPECIFICATIONS AND STANDARDS.

Customax: SLSE LLC i
DEA ST LOULS SCREW & BOLT i
2000 ACCESS BLVD
MADISON, IL 62060

Ccustomer Paxt: ARWGDS0 gteel Supplier: MARATHOM METALS, LLC . |
Prestige Part: PLOESHP300 Grade: GRADE STEEL i
Part Name: 1/2"F43§ H/DIP Lot 03736 -
Purchase Order: SLE2338 Haskt: BZ T
Shirment BOL: 5200435 Carbon: .52 (.22 - .55}
Shipment ID; R02148886 Manganege: .73 (.6 - 1.6}
Quantity: 63768 phosphorous: .015 (.04 HM=x.) !
mnu_factums Mazking: "BP" Sulfur: .001 (.05 Max.) :
8ilicen: .22 (.13 Min.) .
SPECIF ICATIONS TEST RESULTS H
HARDWESS: TRST MRTHOD: ASTM T18 HARDNESS : |
HRC 38 — 45 HRC 40 - 41 |

CHECKED TO 'ASTM FG506 !
CHECXED AFTHR GAIVAMIGING ;

PLATING: TEST MSTHOD: ASIM 5489 PLATING:
HOT DIP GALV TO ABTM F-2329, 0.002C" - 0.0030"
AND ASTM X153 CLRSS C

an
an

UBESAE LT Washars are 1o tha requl 4 ABTH FE44 spactficationa

Chemmiatiyis a8 rapariad from raw matedsl pariBcation and doso not all GAder Prastios Stampings aeemdltation.

This product was prodicad uedar oo ISOTE 18848 Duniby Ascuisnan SysmEm.

I50FTS 18848 Corllfiction No: DOEZISI,

WMatarial wes melied arsl manufestunsd in Uk US.A /
M This preduc wununfwtmu imarren, Micsigan U8R,

This produsl i ot weashars as p vy b AET M. FA36-13.

apmpling Fan per P8 w.: 25.4.18.015, " . FR SCHUBERT

T tast resulsa onfy Enply £ the linma teatsd, Qudaly Assurance Manager

Tris tast repcit MU Bt b ropmdussd awsept i full witiow prisy wi fittea apprh.

Neataries ushd 18 mencforurn thess produsts s marcuy, esbastos and edio aciivily fraa,

Predizt 1 RoHS comafisnt,

Mg wald rapairs mede 1o matorla,

Al curfified modust 15 AIS serplient

Econ Information System 04/28/17  15:04 SLEW  PAGE1of 1
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3/
%" Diam. x 5.5” Bolt Assembly (1 of 6)
LLC Phone: 800-237-7058 Pags 1
dSbl;g'? ? OUIS SCREW & BOLT L oisscrewbol
PO BOX 260 12, olt.com
___MADISON, IL_62080-0260
ROTATIONAL CAPACITY TEST RESULTS -
UIS INC PO 18745
PO BOX 692 Project
PLEASANT GROVE, UT 84082 SO No 155329
. [nvoice No
Test No CIT0093088) Test Date 091817 Manufacturer Lot No
Bolt 3/4(10)X 5-1/2 A325-1 BOLT HDG SLSB BGOT43 <
Nut 3/4(10) HVY HEX NUT A583-DH HDG UNYTITE INC. 25982-6214369502 -
Washer 3/4 F436-1 STRUCTURAL WASHER HDG PRESTIGE STAMPING INC. D3578 -~
Washer 2
Max. Torque
Actual Torgue FTILE ETILE At Tension At
Installation At Installation tnstaliation Final Rotation Final Rotation
Tension Tension Tension <= .25 Degrees LES, Final Status
Test 1 28,000 254 438 380 40,000 Passed
Test 2 28,000 281 438 380 40,000 Pagsed
Test 3
Test4
Test s
Test No  TT0093089 Test Date 09/18/17 Manufacturer Lot No
Bolt 12(13)K 3-1/2 A325-1 BOLT HDG NUCOR GBA0S
Mut 102(13) HVY HEX NUT A563-DH HDG BRIGHTON-BEST INTERNATION 3822368
Washer  1/2 F436-1 STRUCTURAL WASHER HDG PRESTIGE STAMPING INC. D3736
Washer 2
Max. Torque
Actual Torgue FTILB FTILE At Tension At
Installation At Installation installation Final Rotation Final Rotation
Tension Tensian Tension <= .25 Degrees LBS. Final Status
Test 1 12,000 a8 125 380 18,000 Passed
Test 2 12,000 B9 125 360 18,000 Passed
Test 3 .
Test 4
Test s

We certify that these lests whare conducled in accordance with fhe lalest revision of ASTM F3128/F 31250
supplementary requirements of FHA standards.
SIGN ROBBI MEIER

TITLE LABTECH

This cerificate is advisory only and is not a warranty. This material is warranted as set forll
In the Manufaciurar's Standard Warranty.
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%" Diam. x 5.5” Bolt Assembly (2 of 6)

SL

1887 &
ey, &‘3’

o)
172}

MECHANICAL PROPERTIES TESTING AFTER HOT DIF GALVANIZING
TESTED IN ACCORDANCE WITH F606

THESE PARTS HAVE BEEN HOT DIP GALVANIZED TO MEET ASTM F2329/4153

LOT NUMBER: | _ BG0743 ]
DESCRIPTION: | % X 5-1/2" A325-1 HDG l
DATE TESTED: | 01/24117 ] |

REQUIRED Sh]\r‘IPLE-l SAMPLE 2 SAMPLE 3
TENSILE LOAD 40100 | 47870 | 47110 46770 |
PROOFLOAD 28400 0002 | .0000 .0001
HARDNESS (HRC) 25-34 26.4 30.6 28. B:I

SLSB QC LAB, CERTIFICATIONS

SLSB, LLC - 2000 Access Boulevard - Madison * IL * 62060 - Phone: 800.237.7059

161
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] FINAL 8/4/2022
%" Diam. x 5.5” Bolt Assembly (3 of 6)
SLSB, LLC
2000 ACCGESS BLVD
MADISON, IL 52080
iSO 1320 TEST REPORT
: FAX 314—339 ?5‘10
Lot No: C_Gum MANUFACTURING DATE:  dAo@om — 1
PRODUCTION INFORMATION
PART NO: AAAGOD75550 MANUFACTURERS HEAD MARK
SIZE: 3/4"(10) X 5-1/2" ‘ p325
DESCRIPTION: HVY HEX STRUC. BOLT - HDG : 5
MANUFACTURING QTY: 2,830 | n
. ASTM/ASME SPECIFICATIONS . _
SPECIFICATION AMEND SPECIFICATION AMEND
| ASTM F2125 15a ASTM F1470 12 j
ASTM A325-1 14 i ASTM FSEI_B 14 ]
ASME B18.2.8 14 i ASTM F7a8 13
ASME B1.1 UNC 2A i 14 i ASTM F2328 13

RAW MATERIAL INFORMATION* .

STEEL SUPPLIERS TEST REPORT ATTACHED WITH CHEMISTRY INFORMATION RN
HEAT INFO/NUMBER | ASTM SPEC | AMEND

STEEL SUPPLIER GRADE
KREHER/CHARTER 10B30 4 NF16103029 l ASTM A29 [ 12e1
T TSSUE SAMPLED TESTED HEATTREAT | s 1 —
SAMPLED TATE BY: By: o VIS INSPECTION | LOTRESULT
5 11812017 RC RC 1450623-05 PASS PASS
TENSILE STRENGTH PROOF LOAD TEST HARDNESS
WEDGE [ LEF [ LBF [ ELONGATION |  SURFACE CORE
10 DEGREES | 40100 | 28400 | +0,0005" | NfA 25-34 HRC
i . SAMPLES S
1 2 3 4 | B AVG.
TENSILE LOAD | 47450 | 47800 47580 | 47440 | 47840 | 47622
PROOF LOAD
P ONGATION | 0:0002 | 00001 | 0.000% 0.0000 | 0.0004 0.0002
L
e . for L i P4 bamplo Stas 5 ¢
spizatia spechicalin, The sint I was mad nd essited in UBR, sad tha p L LA, B ey Wi costly (hat Ehe S Al b BETY
and tha dae 5.2 s alihe i eurlewirg by This test s ey et e raparied ar distiuced eseRt 1, Thissd 1 and
BIRLA of BT ppd el
AMENDED =
SIGNED: M DATE: 1/18/2017 DATE: INITIAL:

*Heats of steel used have nat had the following materials intentionally added: bismuih, selenium tellurium, ar lead
*#|ndicates the amended item, when and by whom.
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%” Diam. x 5.5” Bolt Assembly (4 of 6)

; ' . 5711 WEST PARKAVENUE P (314)847-7500
. ST. LOUIS, MO F (314)847-7518
63110-1830 www paulo.com
i | :

CERTIFIED INSPECTION REPORT

§ ST LOUIS SCREW & BOLT PAULO % 1450623-05
L 2000 ACCESS BLVD : pATE: 01/13/2017
e " poBOX®®O———— DATE RECD: 01/10/2017
T MADISON, IL 62060-0260 * T SHIPTOCODE
CUSTOMER PO: 5161368
s CUSTOMER DRAY:
PART NAME: 3/4 X 5 1/2 Y
PART #: AAAGOT75550 BO CUSTOMER JOB: NF16103029
QUANTITY: 2890 PCS LoT # BGOT43
: OTHER #:
MATERIAL: 10830
Requirements:
Heat Treat Ceriification
Fina! mid-radius hardness 28-32 HRC
DRY FINISH.
INSPECTION RESULTS: Process per ASTM spac F3125 rev 15,
REQUIRED Final mid-radius hardness 28-32 HRC Process per ASTM spec A 325M rev 14.
Qty Inspected: B Registered to [SO/TS 16949
28 20 28 30 30 30 30 31HRC Heat Treated in the USA.

Reqg info: DRY FINISH

| CERTIFY THAT APPLICABLE MATERIAL PROGESSES HAVE BEEN PERFORMED 1N ACCORDANCE WITH THE SPECIFICATION SHOWN ABOVE.
| HAVE INSPECTED THE WORK AND THE SAMPLING AND RESULTS ARE AS INDICATED. -

_EMAM —— T inspector Signsture

-

Approved By

Page 1 of §
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b (SNYTITE INC.

[NNOVATIVE FASTENING SYSTEMS

Unylite, Inc.

One Unytitz Drive
Peru, IL 61354
Tel 815-224-2221
Fax 815-224-3434

INSPECTION CERTIFICATE

—obMNo: 25082 Joblnformation . Certified Date: 7/5/17 ' _
Customer: ST.LOUIS SCREW & BOLT CO. Ship To: sT. LOUIS
Customer PO No:  SL81737 Shipped Qfy: g7,685
Lot Number: 25882-5214389502

- Part Information Lo

Manufactured Quan

Part No: ‘1{563 3/4-10 +0.020 DH HHN HDG BLUE DYE

Description: -~ alv, Blue Dye

S

ASTM A563 Heavy Hex Nut, Grade DH, Hot Dipped

products.

'F

}_ Specification Specification
BSME B1.1 ASME B18.2.2 2015
IASME B18.2.6 ASTM ASE3 2015
ASTM F2328 ASTIM FE05/605M 2014

M F812/F812M J
HestResults = * . S
"l'_gsl No: 15283 Test: A563 DH Mecha Prop!

Description |Hardness {HRC) Tm?e;rr'ase-r: E?n}{m IPass!FP;;H, f:l::sa'l?m Min) | 51-.:?”31;21;;:2.1;&0.1 T:.swnﬁ?f;ﬂm w:.;a;&sm
i |nSs::§:§n 28,55 \ 1,184 50,100 Pass Pass Pass
| o R ~ Cerfified Chemical Analysts .o oot lv i e
[ HeatNo Grade Manufacturer | Origin C an P ] Si Cr NI [ cu

5214380502 1045 Mar:n'd;:ﬂl LA 04500 7200 0,008 Q0270 02100 0.1600 L0700 01300

L oo riNotes ; TR 4.5

51 tests are in accordance with the Iatest revisions of the méthods prestribad in the applicabls SAE and

IThe samples tested conform the specifications as describedfisted above and were manufactured free of mercury contamination and there is no welding
Iberformed in the production of the produicts. Mo heats to which

iThe steel was melted and manufactured in

hve cartify that this data is true representation of information
only to the items listed on this document and may not be reproduced exc

| ASTHA Speci
Bismuth, Selenium, Tellurium, or Lead was intentionally added have been used to produce
the U.S.A. and the product was manufactured and tested in the U.S.A

provided by the matsrial supplier and our testing laboratory. This ceriified material tast report
tin full, . .

OFFICIAL SEAL
JEAN MARGHERIO
NOTARY PUBLIC - STATE OF LLINOIS
MY COMMSSION EXPIRES: 101817 TISNT
Savage, Dan - Supendsor, Quality Date

Plax 7/5H4 7 9:57 AM dsavage Page 1
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%" Diam. x 5.5” Bolt Assembly (6 of 6)
|
4... : . : PRODUCT CERTIFICATION
Prestige - 23515 Gegasbeck tighums CERTIFICATION NUMBER
Stamping, Gty 7112900 % z’q:ocs:asn?avzzsa 170622
Il.'lC. www, Prastigaftamping.com

- ———THI§18 TOCERTIFY-THE-PRO DUCT-STATED-BELOW-WAS_FABRICATED AND PROCESSED TO THE
ORDER AS INDICATED AND CONFORMS TD THE APPLICABLE SPECIFICATIONS AND STANDARDS,

Cuatomer: SLSB LLC
DBEA ST LOULS SCREW & BOLT
2000 ACCESS BLVD
MADIEOWN, IL 62060
Ccustomer Part: AAWG0TS5 Steel Supplier: HORIZON STEEL CO.
Prestige Part: P14B80HP3D0 / : Grade: CF436 E\RDE STEEL
Part Name: 3/4"F436 H/DIP Lot: D3578
Purchase Order: 5L82839 Heat: 01-20773
Shipment BOL: B202672 garbon: .53 (.22 - .55)
Shipment ID; AQ217313 Manganese: .67 (.6 — 1.6)
Cuantity: 18155 FPhosphorous: .004 (.04 Max.)
Manufacturers Marking: "P" Sulfur: .002 (.05 Max.)
: . S:L_l.i.ann: L0%  {.15 Min.)
SPECIFICATIONS TEST RESULTS
HARDNESS: TEST METHOD: ASTM ELB HARDNESS:
HRC 38 - 45 HRC 41 - 42
CHECE TO ASTM F606 . ¢
CHECKED AFTER GALVANIZING ]
. |
!
PLATING: TEST METHOD: ASTM B439 PLATING: :
HQT DIF GALV TO ASTM F-2323, p.ooz20" - D._UGE.D“

AND ASTM ALS53 CLASS C

WUEa{EAE LC Washars are manufociured to e raquirsments of ASTM FB44 spasifieslions
C hamietry i a5 roporiad from sa materlal copiAcation and doas o tel under Preatige Stamping's setadtafien.
This prouct wis prodused under an IS0ITS 16849 Ousllly Assurancs Systam,
I1S0/TE 16848 Cortifioation No; 0062833,
% Mistariel was maltad and manufazuzed in tha U.S.A.
“This peodust wae manufactised in Wamsn. Michigan ug.a.
“This product confanmi 1o &l requlremenis far weshars ae prodused sccording to AS.T.M, n436-12. . F A
Samglirg Pian par B.51 W, # 5.4,18.015,
Tha tast resulis only apply 1o tha Rems tastd,
This test repert must not be rapradused axeapt in full withoes plar wiltisn appiova.
Mntnrials usar 1o menufaciure thase prodects ore marsIry. ashamtes and radio eetivity froe,

SCHUBERT
Assurance Manager

Produst |s BeHS compllant,
Mo weld rapairs made 1o matork,
Bl eprsified product |s AIS sampliznt,

Econ Informatforr System 07431117 11:35 SLEW PAGE 1 of 1
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1” Diam. x 17.5” Concrete Anchor Bolt Assembly (2 of 5)

DOC 1D 7.5.3.1F Rev 8M6
Date created 10/8/17

A Division of Lonestar Fasteners

MATERIAL TEST REPORT

LSF

PO# 18746 S0 257422
Hom: 18X 17-12 ~~  HEAVY HEX BOLT
Material Specification: ASTM F1554 GR.105 / HDG
LOT#: GB956 / W!!ZTF..
Heat Numbar: 3068106
Tenslle Strenath PSI: 146700 Yield Strangth PSL: 136600
Elongation: 19 Reduction of Area: 56
Hardness: 30HRC Wedge Tenslle P5i: 148800
" Macro Etch: CBURCZ Tempering Temp: NA
Quenched and Temperad Decarburlzation: 0.000
Carburization: 0.000
Carbon (C): 0400 Ghromium (CR): 0.850
Manganese (MN): 0.760 Molybdenum (MO): 0,205
~ Phosphorus (P): 0018 Coppor(CU): NA,
Sulfur (S) 0.019 Nitrogen (N): NA
Sillcon (S1): 0.210 Nickal (Ml): NA
Cobalt (CQ): NA Alurminum (AL): MA
Vanadium {V): NA Tin {SN): NA
Tungsten (W) NA Titanium (TT): M
ColumiblumiNioblum (NB/CBY: ~ NA Boron (B NA
L Calcium (CA): NA
We hereby certify that the material was manufactured, sampled, tested and inspacted por the most recent revislon of the product
or material specification. Tna foregeing data was furnished 1o us by cur supplier o resulling from & test performead ina
recognized laboratory and is on file in the records of the corporation.
Name: Lo Walker

18050 Highway 21 Sycamorae, AL 35149, Phone (256) 243-8879. Fax (256) 242-8011
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1” Diam. x 17.5” Concrete Anchor Bolt Assembly (4 of 5)

NYTITE INC.

| INOVATIVE FASTENING SYSTEMS

Unylie, Inc.

Pary, L 61354

One Unyilte Drive

Tel B15-224-2221
Fax 815-224-3434

INSPECTION CERTIFICATE

~ Job No: 23746

Job Information

Certified Date; 8/5/16

Customer PO No: 14882
Lot Number: 23746-8214036104

Customer: UNIVERSAL INDUSTRIAL SALES

SHIP TO: UNIVERSALE INDUSTRIAL

Shipped Qty: 20,250

Part Information

Name: ooy, Blue Dye

Manufactured Quantity: 68,200

. - .
Part No: AS83 1-8 +0.024 DH HHN HDG BLUE DYE
. ASTM ABE3 ﬁ;avy Hex Mut, Grade DH, Hot Dipped

‘Applicable Specifications

Test Results
Test No: 12157 Teet: ASG3 DH Mechanlcal Properiies

| T Specification | " Amend | Specification ) T Amend
SME B1.1 2003 ASMEB18.22 O - L1 S
ASWE B18.26 2010 ASME B18.2,6M 012
STM A563 2015 _ [ASTMF2329 2013
|ASTM F806/606M st |ASTMFBIDFETZM T ok

Descriptlon | Hardness Tempering Temp (800 Proof Load (Pass/Fall} | ape & Dimension  [Thread Precision ASME| Visual ASTM
escriptio (HRG) gegree F Min) {ASTM Min) | ASWMEPB13.2.2 B18.4.1 812
Sample o | 5

inspection 27.50 - 1,183 0,900 | Pass L Pass ~ Pass
. . o . Certified-Chemical Analysis - : e ]
T HeatMo | Grade | Manufsciurer | Crrlgin in d | 5 ] Cr T 2] | ou
... I L. LI !
8214098404 | 1048 Aﬁ:’ﬂ‘.’;‘;ul ! UsA 0.4500 07600 0,000 0.0240 04800 04400 J 0.0800 02100

products,

LAII tosts are In accordance with the letest revisions of the mathods prescribe

‘Notes -

d in the applicable SA

E and ASTM Specifications..

The samples lested conform the spacifications as describediisted above and wara manufasiured free of mercury contaminalion and thare is ne welding
performed In the preduction of the producis. No heats to which Blsmuth, Selenium, Telluriom, or Lead was intenlionally added have been used to produce

IThe sieel was melisd and manufacturad In fhve US4, and the product wes manufactured and lestad in the US4

& cerlify that this data s trus representation of information provided by the malerial supplier end our tesiing laberatory. This certified malerialtesl repar]
relates only to the items Bsted on this document and may nol be reproduced axcept in full.

—— S -

PR,

PPl

OFFICIAL .
JEAN MARGHERIO
"HOTARY PUBLIC - BTATE OF ILLINOIS
MY COMMISSION EXPRES 0BT ¢

i

My

Savage, Dan - Supervisor, Quallly Date

LT

169

Plax 8846 0:33 AM deavage Page 1
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PRODUCT CERTIFICATION

Prestige 23513 Grossbeck Highvay CERTIFICATION NUMBER
: Warren, Michigan 43085
Stamplng’ (586}743—-270@ * Fax (S85)773-2236
E II'lC . www . PrestigeStanping . cam 169473

THIS 15 TO GERTIEY THE PRODUCT STATED BELOW WAS FABRICATED AND PROCESSED TO THE

ORDER AS INDICATED AND CONFORMS TO THE A PPLICABLE SPECIFICATIONS AND STANDARDS:

Customer: SLSBE LLC
DBA ST LOUIS SCREW & BOLT
2000 ACCESS BLVD
MADISON, IL 62060

customer Park: AAWG100
prestige Part: P1900EF300 -
Part Wame: 1"F436 H/DIP
purchase Order: SLB2E3Y
Shipment BOL: B202020
Shipment ID: 20216740
Quantity: 12542
Manufacturers Marking: "B"

Steal Supplierz: KENWAL STEEL CORF.
Grade: C GRADE STEEL
Lot D347
Heat: 45580
carbon: .55 (.22 - .55}
Manganese: .76 (.6 - 1.6}
Phosphorous: .00% (.01 Max.)
[ sulfur: .003 (.05 Max.)
Siligon: .23 (.15 Min.}

SPECIFICATIONS

HARDNESS: TEST METHOD: ASTM E18
HRC 38 - 45
CHECKED TO ASTM F606
CHECXED AFTER GALVANIZING

TEST RESULTS

HARDNESS:
HRC 41 - 42

PLATING:

PLATING: TEST METHOD: ASTM 2438 :
“0.0020" - 0.0030"

HOT DIP GALV ASTM F-2323,
AND ASTM Al53 CLRSS C

LISGIGAE LC Wisehare 3re manufactured 10 the raquissmants of ASTH FB44 mscificotians

Chemisty & 58 raparind fram rew matardal coctifiention and coes nat fol under Prosfign Stamping’s acetpd|satizn.
This pradyct was pradssed under on IS0/TS 16249 Qusity Accurancs Systom.

1S0/TS 18843 Corificetion No; 0002633,

- Matodlal waa malted snd manufectured in the LLE.A

This produst was manufasiursd in Wartan. Michigan UEA

Thin §reduet confarms 1o ol requitemants for weshars as praguesd ascarding 1o ALTM, FA38-13, ! :'SGHUBE RT

Somgling Fian per P,S.0 WA, £ 5.4.18.015. FR

Tho tast resuite only apgly to the lams tasted. . Qualy Assuranca Manager
Thilg tes1 rapor: mist pot be mproducad axsapt In full without priat wiittan aparoval,

Matatiale ueod 1 maaufastura thase products ars marsury, ashouies snd fadis Retivity fran. 1

Pradoct 1s ReHE ramplisnt.

o weld raprirs mado to matacial.

Al eetifind produst Is AlS comalles.

Econ Information Systam 10:00 SLEW PAGE 1 of 1

0710317
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California Department of Transportation
Report No. FHWA/CA22-3033

FINAL 8/4/2022
Tubular Rail (1 of 16)
Universal Industrial Sales, Inc. Quality Control Manual
Lindon, Utah 84062
Appendix 14 Approved
“Daily Report of Welding Inspection ™~~~ o
Jobs__ LEBYI Contract# 45 A 9417
]'ngpcc‘to_r VIHW %Mrﬂ( Date /y ';f; -"/?
Project: _ £¥ = ARV EATL
1. WPS (s) applicable codes and specifications available.
WPSNO. F7~L4Y) Yes: No
WPS NO.
WPS NO,
2. Verified fit-up: Bevel degree /2 Land V/2 //
Root Opening_A/#- Cleanliness,
3. Filler metal description _980/L-61 E71T-1 \T_ZR?US-ﬁ )
4. Filler metal storage / control: Satisfactory v Unsatisfactory
5. Piece No. Weld No. of Passes Welder
4 FruLFT / i
£C HLttr / N
6. All welds identified by welder: Yes ‘/
7. Verified WPS requirepénts:  Preheat ¥, Interpass_ 477
Position ff Amps/WFS 4_-" Volts /ETP
8. Verified weld interpass cleanliness and quality: -
Satisfactory____ 7 Unsatisfactory
9. Final visual / WDT&M"I) as applicable: .
Satistacto Unsatisfactory
10. Comuments
11.  Work performed in accordance w.p‘mj ect specifications:
Yes No
QCM Rev 1 11/13/08
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California Department of Transportation
Report No. FHWA/CA22-3033

FINAL 8/4/2022
Tubular Rail (2 of 16)
Universal Industrial Sales, Inc. Quality Control Manual
Lindon, Utah 840862
Appendix 14 Approved
e D.ai_]vR_e_D_D_rt_Ofw_e.]_dihg_hl.spection. - S L
Job# L5LY Contract # CSApLl7
Inspector /E}fﬂ./ #W Date SO -30-/7
Project: C’«*F - ot Vb AHL
1. WPS (s) applicable codes and specifications available.
WPSNO,_ /A - £$2 Yes: & No
WPS NO.
WPS NO.
2. Verified fit-up: Bevel degree A/#  Land 174
Root Opening_A%/#*_ Cleanliness
3. Filler metal description _980/L-61 E71T-1 ER?OS—G 2
4, Filler metal storage / control: Satisfactory -~ Unsatisfactory
5. Piece No. Weld No. of Passes Welder
Tise AL Frigst / w
6. All welds identified by welder: Yes »~  No .
7. Verified WPS requirgments: Preheat A f4ia Interpass A//#
Position -~~~ Amps'WFS_ .~ Volts_ 7
3. Verified weld interpass cleanliness and quality:
Satisfactory Unsatisfactory.
9. Final visual / NDT @MT) ?ﬁplicablc:
Satistactory Unsatisfactory
10. Comments WELG ENP otrr
11.  Work performed in accordance with project specifications:
Yes / No
QCM Rev 1 11/13/08
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FINAL 8/4/2022
Tubular Rail (3 of 16)
Universal industrial Sales, Inc. Quality Cantrol Manual
Lindorn, Utah 840862
Appendix 14 Approved
Job#__ 458Y/ Contract ¥ gl A#26/7
Inspector /e Gt Date _ /©-30- /7
Project: (8 - Buidbt ewve
1. WPS (s) applicable codes and specifications available.
WPSNO. ~A/-L8Y Yes: No
WPSNO_frr-¢c4%
WPS NO,
2. Verified fit-up: Bevel degree J/ Land pd ;
Root Opening +”_ Cleanliness
3. Filler metal description _980/L-61 E71T-1 ER70S
——
4, Filler metal storage / control:” Satisfactory / Unsatisfactory.
5. Piece No. Weld No. of Passes Welder
Al _Lfoir Lrr, Putsl UNLT 12 Va4
6. All welds identified by welder: Yes / No
7. Verified WPS requirements:  Preheat M,g:&_/ Intprpass N R
Position Amps/WEFS Volts
8. Verified weld interpass cleanlinesgand quality:
Satisfactory Unsatisfactory
9. Final visual / NDT @-MT) as applicable:
SatisTactory Unsatisfactory
10.  Comments
11. Work performed in accordance y project specifications:
Yes No
QCM Rev 1 11/13/08
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Universal Indusirial Sales,

California Department of Transportation
Report No. FHWA/CA22-3033
FINAL 8/4/2022
Tubular Rail (4 of 16)

=1
o

Quality Control Manual

Lindon, Utah 84062

Appendix 14 Approved

“Daily Report of Welding Inspection —

ob#___ L5BY{ Contract# ¢5H# 2677
Inspector St A‘me Date fo-3]- 17
Project; 2

L.

[F%)

WPS (s) applicable codes and specifications avajlable.

WPSNO. Ff- £54 Yes: ./&l

WPSNO._ Asr -4

WPS NO,

Verified fit-up: Bevel degree /~ Land_¢~
Root Opening ,2 Cleanliness#”

Filler metal description _980/L-61 ET1T-1  (ER70S-6,

No

Filler metal storage / control: Satisfactory A Unsatisfactory.

Piece No. Weld No. of Passes Welder

Al _prr PTFE, Frieér” MILT I LE v

All welds identified by welder: Yes e No

10.

1L

Verified WPS Tequitements;  Preheat ,; p pass A/ 4
Volts

Position__ o~ Amps/WFS

Verified weld interpass cleanlin )ss and quality: -
Satisfactory_ »~  Unsatisfactory

Final visual / NDT MT) ag.applicable:
Satisfactory_# Unsatisfactory

Comments

Work performed in accordance w; )ﬂ:f project speuf' ications:
Yes

QCM Rev 1 11/13/08
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California Department of Transportation
Report No. FHWA/CA22-3033

FINAL 8/4/2022

=2 UNIVERSAL INDUSTRIAL SALES, INC.

P.O. BOX 669 — PLEASANT GROVE, UTAH 84062 — Phone: (801) 785-0505 — FAX: (801) 785-1710
www,universalindustrialsales.com

~ November 1,2017

Project: ST-75 Tubular Handrail — Crash Test Construction

Contract: 65A0617
Owner: Caltrans
Contractor: Rupert Supply
UIS Project #: 65841

Stud Weld Testing per AWS D1.1 Section 7.7.1.4 Threaded Studs torque tested per AWS table 7.3.

Stud Size | Quantity Tested Min. Torque

Actual Torque

Results

% x2-1/2" Thd_| 5 184.1 per table

190 fi/lbs

Acceptable

Testing Conducted by John Hunter, UIS QC Dept.

Torque Wrench KD Tools serial #4051058682
Calibrated 01/10/2017 by Calibration Solutions

Cphe

gL

GUARDRAIL, GUARDRAIL COM PONENTS, SIGN STRUCTURES, BRIDGE RAIL, STEEL FABRICATION,
ANCHOR BOLTS, GALVANIZING, HIGHWAY CONSTRUCTION FRODUCTS
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" Authortzed by Quallty Aésurance:

¢ . Tha results reporied on thisraport

: &mﬁegﬁmm;m_pt'wqggmf B
calowiated using the AWS DY.1 mothod:
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Allas Tube Corporation
1655 East 122nd Sireet
Chicago, linols, USA

o
Tel:  773-646-4500

California Department of Transportation

Tubular Rail (7 of 16)

800

Atlas 7ube

080 4 onision oF ZEKELMAN INDUSTRIES

Report No. FHWA/CA22-3033
FINAL 8/4/2022

Ref.B/L: 80?8654?
Date: 1.2017
Customer: 2538

Fax. 7736456128
MATERIAL TEST REPORT
Whiversal |ndustrial Sales Inc. Universal Industrial Sa!as Inc.
PLEASANT GROVE UT 84062 tNh 120
USA USA
Material: 6,0x4.0x313x300°0(246)DUS «~ Material Né: 80040313 Made in: USA)

Sales order: 1217347

Purchase Order: 10030 Domestic

Melted in: USA

Heat No c Mn P Si Al Cu Ch Mo Ni Cr W Ti B N
081641~ 0.210 0750 0.007 0003 0.020 0.023 0.080 0.001 0.002 0.030 0.040 0.003 0.001 0.000 ©.008
Bundle No PCs  Yield Tensile Ein.2in Qertiﬂc_aﬂorl CE: 0.36
MB007235264 2 063480 Psi 0792383 Psi 3% ASTM AS00-13 GRADE B&C
—

Material Note:
Sales Or.Note:
Material: B.0x4.0x313x310°0(1x2)DUS Material No: 80040313 Made in: USA

Melted in: USA
Sales order: 1217347 Purchase Order: 15030 Domestic
Heat No . [+ Mn P Si Al Cu Cb Mo Mi Cr v Ti B N
17081641 0.210 0750 0.007 0003 0020 0023 0.080 0.001 0.009 0.030 0.040 0.003 0001 0.000 0.008
BundleN6é  PCs Yield Tensile  Ein.2in Certification CE: 0.36
MB00736263 2 0634B0Ps  079383Psl 33 % ASTIN A500-13 GRADE B&C
Material Mote: ‘
Sales Or.Note:
Material: 8.0x4.0x318x32'0"0(1x2)DUS WMaterial No: 80040313 Made in: USA

Melted in: USA
Sales order: 1217347 Purchase Order: 18030 Domesfic
Heat No |, [+ Mn P i Al Cu Cb Mo i Cr i Ti B N
17081641 0210 0.750 0.007 0003 0.020 0.023 0.080 0001 0.008 0.030 0.040 0.003 0,001 0,000 0.008
Bundle No PCs  Yield Tensile Eln.2in Certification CE: 0.36
MBOOT35262 2 063480 Psi  079383Psi  33% ASTH A500-13 GRADE B&C
Matarial Nota:
Sales Or.Note:

Autharized by Quality Assurance:

?:..,_MJ

The results reported on this report represent the actual attributes of the material furnished and indicate full compliance with a]l applicable

specification and contract reﬂulremenls.

8 St,ﬂﬂl l[!llh D1.14 method.

l. < ﬂP N'n..?'u AMBRJCA

Page:20f §
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California Department of Transportation
Report No. FHWA/CA22-3033

FINAL 8/4/2022
Tubular Rail (9 of 16)
Allas Tube Corporation oco Ref.BIL: 80786547
1855 East 122nd Street aoe U e Date: 10,11.2017
Chicago, Illinois, USA Customer: 2538
3 D80 . bivision OF ZEKELMAN INDUSTRIES
Tel  773-645-4500 '
Fax: 773-646-5128
MATERIAL TEST REPORT
Soidto _ Shipped to
F'O ersal 1ndu5tna1 Sa[es 'Inc ygévﬁmn Ill 1?%8?‘?‘.&'[ Sales Ine. o
NT GROVE UT 84082 LINDON UT 84042
USA UsA
Material: 8.0x4.0x313x41'0°0{1x2)DUS Material No; B0040313 Made in: USA
. Melted in: USA
Sales order: 1217347 ‘Purchage Order: 18030 Domeslic '
Heat No c Wn P s si Al Cu cb Mo Ni cr v W B ]
17081641 0210 0750 0007 0003 0020 0023 0080 0001 0.009. 0030 0.040 ©.003 0001 0.000 0.008
BundleNo  PCs  Yield Tensile Eln.2in Certification CE: 0.36
MaoT3s2s6 2 O0B3dBOPs 079383 Psi  33% ASTM A500-13 GRADE B&C
Material Note:
Sales Or.Nota:
T
Materiak: 8.0x4.0x313%48'0"0(1%2)DUS e Materkal No: 80040313 Made in: USA
elted in: USA
Sales order: 1217347 Purchase Order: 19030 Domestic
Heat No c Mn P s si. Al Cu Cb Mo Ni cr v Ti B M
Q’Esizl;- 0.220 0730 0007 0003 0020 0032 009 0,000 0008 0030 0040 0003 0.000 0.000 0,008
BundleNo  PCs  Yield Tensile Eln.2in Certification CE: 0.36
MBOO730364 2 064799 Psi  O78B0ZPsi M % ASTM AS00-13 GRADE B&C
CHARPY Test Resul
Test Sample Direct Absorbed Absorbed Absorbed Avg Shear Shear Shear Avg
Ft_Ibs Temp . Size  lon Energy1 Energy2 Energys FT-LBS Areal Area2 Aread %
FT-L TFTAL FT-LB % % Yo
15  OF  10x5mm L 36 25 22 50 &0 50
Material Note: . !
Sales Or.Note: .
© Material: B.0xd.0x313x400070(3x2)DUS Material No: 80040313 Made in: LISA
Melted in; USA
Sales order: 1217347 Purchase Order: 19030 Domestic
Heat No - [ Mn P 5 sl Al Cu Ch Mo Ni Cr v Ti B N
17081601 0210 0790 0007 0.002 0030 0035 0.080 0002 0010 0030 0030 0004 0001 0.000 0.007
Bundie No PCs Yield Tensile Eln.2in Certification CE: 0.36
MB00732280 6 065584 Psi 079221 Psl  32% ASTAI A500-13 GRADE B&G
Material Note:
Sales Or.Note:

Authorized by Quality Assurance:

wm

The results reported on this report raprasent the actual attributes of the material furnished and indicate full compliance with all applicable

sue:lfcaﬂnn and contlact requirements.

nl 0.1 method, -
\ o 0? WORTH ﬁMEKIC*

<> Metals Service Genter institute

Page:40f &
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customer: UNIVEHRSAL INDUS [ HIAL SALE Ord #: 1121043 Fart # aUZEEE Cust FUF 18,83

Provided By : ENCORE METALS US

FINAL 8/4/2022

+age 1 of 1

[}

NUISOR

NUCOR COLD FINISH WISCONSIN, INC.

Mill Certification

772017

MIR & _Ei- 13?4%&
QAKGR

-~

72005
24

Eaig'rs-é%;;%

Fax 541 4) 7642

Soid To:  EARLE M JORGEMNSEN CO ShIpTo: EARLE M J ENSEM CO
1900 MITGHELL BLVD e [ BLVD
SGPA%WRG. 1L 60194 E:B':W T I Goted
_ . (847)301-2345"" " _ ; - (am L T
(B4T) 8912203
Lakboarrg?
Customer P.O.| PB10408-423 Sales Order | 6469651 |
Procusl Group | Cold Finlsh Bar Part Number] 321310
Grate | 101BASTMATE ~ Lol# | EtME3
Size | Square 13750 (0030) «~ Heat#C] NFi00886530
Product | 5Q 1.3750" 4048 12-RCD B.L. Number | E1-237830
Daseriplion | CF Grade 1018 Load Numbsr | E1-137428
Cusiomer Spec | G1018 Customer Part# | 502338
| hspalyy carlly thal | Fin boan manufaciured

Part Detalk: SQ 1.3750" 1018 12-
a8 12-R Cold Drawn

Melt Date: SI6/2017
c n P s

vith e spdclicalions gnd ubiedurds |lsted above end thet !l sellsles fose réquinsnesis,

Sl Cu Cr i Mo Sn v Cb
0.18% 0.82% 0.013% 0.023% 0.28% 0.31% 0.15% 0.16% C.040% 0.017%  0.0080%  0.002%
Al Pb i
0.000% 0.000%
Melting MEl: Nucor Bar NE Country of Malung;;;\ ‘Graln Pracflse: COARSE
Reduction Rafio 21.2 11 untry of Roling: USA Ralling Mill: Nugar Bar NE
Specliicaiion Comments:
All pmdu produced are wald frae.
Iiercury, n any form, has not been used In the produciion or testing of this materfal.
Mick Schultz
Sales Manager Page 5 of 8

HEME0 Januy 1, 2012
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14. Appendix E: Finite Element Modeling Report

14.1. Objective

Finite element (FE) analyses were performed using Livermore Software Technology Corporation’s (LSTC)
LS-Dyna, which is a commercial finite element program commonly used for crash testing simulations
which can provide an idea of how a real-world test article may perform during crash testing. The purpose
of the modeling was to build a finite element model of the ST-75 bridge rail, run the crash test simulations,
and compare the results of the simulations with that of their real-world crash tests.

ST-75 Bridge Rail Model

The ST-75 Bridge Rail is a MASH Test Level 4 Bridge Rail. The height of the barrier is 1067 mm (42 in) which
includes a 152 mm (6 in) pedestrian hand/bicycle rail at the top. The profile of the barrier consists of
three 203 mm x 102 mm (8 in x 4 in) steel rail tubes and a 152 mm (6 in) reinforced concrete curb. The
steel tubes are spaced evenly over 762 mm (30 in) and steel posts are spaced 3 m (10 ft) apart. The test
article and finite element model are both 30.5 m (100 ft) long. A finite element model was developed
that consisted of a fully constrained shell model of the three 203 mm x 102 mm (8 in x 4 in) steel rail tubes
and the 152 mm (6 in) curb. Fully constrained means that all the nodes that make up the mesh in the
model are constrained so that they cannot translate or rotate in any direction or axis. The model used
didn’t include the pedestrian hand/bicycle rail as it wasn’t considered a structural component of the
design at the time. However, including it in future simulations may provide information on 2270P hood
snag potential and interaction of the 10000S front fender and cargo box.

Figure 14-1 ST-75 Bridge Rail CAD Model Front

Figure 14-2 — ST-75 Bridge Rail CAD Model Figure 14-3 — ST-75 Bridge Rail FE Shell Model
Profile Profile
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Figure 14-4 — Typical Section and Dimension for the ST-75 Bridge Rail
Vehicle Models

The pickup truck and the small car models were provided by the Center for Collision Safety and Analysis
(CCSA) Finite Element Models webpage, https://www.ccsa.gmu.edu/models/. This section describes
which models were used and how they were modified.

The truck model used for MASH 2270P truck test simulations was the 2270-kg 2007 Chevy Silverado coarse
version 3a that was posted December 2016. The only change to the vehicle model was to increase the
velocity of the vehicle model to match the required speed for MASH Test Level 4 Longitudinal Barriers.
For the simulation, the 2270P truck impacted the test article at a speed of 100.0 kph (62.2 mph) and an
angle of 25 degrees whereas in the real-world test the impact speed and angle were 102.0 kph (63.4 mph)
and 26.3 degrees, respectively.

Figure 14-5 2270P Truck
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The car model used for MASH 1100C car test simulations was the 1100-kg 2010 Toyota Yaris coarse version
1l that was posted December 2016. The only change to the vehicle model was to increase the velocity of
the vehicle model to match the required speed for MASH Test Level 4 Longitudinal Barriers. For the
simulation, the 1100C truck impacted the test article at a speed of 100.0 kph (62.2 mph) and an angle of
25 degrees whereas in the real-world test the impact speed and angle were 102.1 kph (63.4 mph) and
25.0 degrees, respectively.

Figure 14-6 1100C Car

The single-unit van truck model used for MASH 10000S single-unit van truck test simulations was the Ford
Single Unit Truck that was posted November 3, 2008 on the National Crash Analysis Center (NCAC)
website. Unfortunately, the link to this model no longer exists on the NCAC website but the same model
can be found on the National Highway Traffic Safety Administration (NHTSA) website at
https://www.nhtsa.gov/crash-simulation-vehicle-modelsticrash-simulation-vehicle-models-models. The
model is of a 1996 Ford 8,150 kg (18,000 Ibs) van body truck which was designed to meet the properties
of the NCHRP Report 350 8000S single-unit van truck. A MASH 10000S model is unavailable at the time
this report was written. Therefore, the Ford Single Unit Truck was modified in the following ways. The
shape of the ballast in the bed of the truck was changed so that the ballast’s center of gravity was 1,600
mm (63 in) above the ground. The density of the ballast was increased so that the total mass of the truck
was 10,000 kg (22,050 Ibs). The wheelbase and overall length of the truck were not changed. Therefore,
the wheelbase is short 750 mm (29.5 in) and the overall length is short 1,300 mm (51.2 in) of the properties
given in MASH for a 10000S truck. The velocity of the vehicle model was increased to match the required
speed for MASH Test level 4 test Longitudinal Barriers. For the simulation, the 10000S truck impacted the
test article at a speed of 90.0 kph (55.9 mph) and an angle of 15 degrees whereas in the real-world test
the impact speed and angle were 87.6 kph (54.4 mph ) and of 15.3 degrees, respectively.
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Figure 14-7 10000S Single-Unit Van Truck

Comparing Modeling Data to Real World Data

This section compares the results of test 110MASH4P18-02 and the results of the 2270P finite element
model. Table 14-1 compares the center of gravity, mass, and wheel base between the 2018 Dodge Ram
1500 used in the crash test and the 2007 Chevrolet Silverado used in the finite element modeling. Section
14.4.2 compares the TRAP results and section 14.4.3 compares the impact sequence of test
110MASH4P18-02 to the FE simulation.

Table 14-1 Center of Gravity for 2270P Truck Test Vehicle and LS-Dyna Finite Element Model

Vehicle Type X* y** z Mass Wheel Base
64.0” -0.6” 29.4” 4964.5 Ib 140.5”
Test 110MASH4P18-02 2018 Dodge Ram 1500
(1625 mm) (-16 mm) (748 mm) (2251.9 kg) (3569 mm)
65.7” 0.0” 28.8” 5005.6 Ib 144.0”
2270P Vehicle Model 2007 Chevrolet Silverado
(1670 mm) (0.0 mm) (731.5 mm) (2270.5 kg) (3660 mm)

* Behind centerline of front tire

** Negative means CG is on the driver side of the vehicle’s centerline

Both the 2270P simulation and test 110MASH4P18-02 met the criteria provided in MASH for testing
longitudinal barriers at Test Level 4. Most of the results were at or below the preferred range. When the
data are compared to each other, the occupant impact velocities in the test were almost twice those in
the simulation while the ridedown accelerations for the simulation were lower than those in the test. The
maximum roll, pitch, and yaw angles in the test and the simulation were similar in maximum magnitude
but the crash test values occur slightly later than in the simulations. Perhaps this is due to the barrier
being modeled as fully restrained and unable to move (causing redirection to occur sooner) or the model
vehicle being more rigid than the actual vehicle, or a combination thereof. Table 14-2 shows the results
of the TRAP analysis and Figure 14-8 through Figure 14-18 are graphs of the TRAP analysis for test
110MASH4P18-02 and the finite element model.
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Table 14-2 TRAP Results Data Comparison for Full Scale and FE Models for 2270P Truck (Absolute
Values)
Test 110MASH4P18-02 LS-Dyna Truck Simulation
Data Results MASH Criteria
2018 Dodge Ram 1500 2007 Chevrolet Silverado
Longitudinal Occupant Preferred = 30 ft/s (9.1 m/s) 14.4 ft/s 5.9 ft/s
Impact Velocity Max = 40 ft/s (12.2 m/s) (4.4 m/s) (1.8 m/s)
Longl‘tAudlr:al leiedown preferred = 15.0 G
cceleration 41G 134G
Max =20.49 G
10 msec Average
Lateral Occupant Preferred = 30 ft/s (9.1 m/s) 30.8 ft/s 15.7 ft/s
Impact Velocity Max = 40 ft/s (12.2 m/s) (9.4 m/s) (4.8 m/s)
LatAeraI IRldefiown Preferred =15.0 G
cceleration 116G 182G
Max =20.49 G
10 msec Average
PHD n/a 117G 18.2
ASI n/a 2.29 1.98
Max Roll <75 Degrees 21.6 degrees 27.8 degrees
Max Pitch <75 Degrees 2.1 degrees 7.6 degrees
Max Yaw n/a 40.3 degrees 30.0 degrees
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Figure 14-8 Graph of Roll Angles for Full Scale and FE Model TRAP Results for 2270P Truck

Figure 14-9 Graph of Pitch Angles for Full Scale and FE Model TRAP Results for 2270P Truck
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Figure 14-10 Graph of Yaw Angles for Full Scale and FE Model TRAP Results for 2270P Truck

Figure 14-11 Graph of Roll Rates for Full Scale and FE Model TRAP Results for 2270P Truck
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Figure 14-12 Graph of Pitch Rates for Full Scale and FE Model TRAP Results for 2270P Truck

Figure 14-13 Graph of Yaw Rates for Full Scale and FE Model TRAP Results for 2270P Truck
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Figure 14-14 Graph of Longitudinal Accelerations for Full Scale and FE Model TRAP Results for 2270P
Truck

Figure 14-15 Graph of Lateral Accelerations for Full Scale and FE Model TRAP Results for 2270P Truck
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Figure 14-16 Graph of Vertical Accelerations for Full Scale and FE Model TRAP Results for 2270P Truck

Figure 14-17 Graph of Longitudinal Velocities for Full Scale and FE Model TRAP Results for 2270P Truck
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Figure 14-18 Graph of Lateral Velocities for Full Scale and FE Model TRAP Results for 2270P Truck

A visual comparison of test 110MASH4P18-02 and the 2270P simulation shows that the vehicles’
interaction with the barrier to be similar. They appear to diverge from each other once the vehicle loses
contact with the barrier. Figure 14-19 is a sequence of pictures showing the vehicles’ interaction with the
test article for both the full-scale test and the finite element model.
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LS-Dyna Truck Simulation: 2007

Test 110MASH4P18-02: 2018 Dodge Ram 1500 Time )
Chevrolet Silverado

0.00 sec

0.06 sec

0.12 sec

0.18 sec

0.24 sec

0.36 sec

0.60 sec

Figure 14-19 Visual Comparison of Actual Crash Test and Simulations for 2270P Truck
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1100C Small Car

This section compares the results of test 110MASH4C19-01 and the results of the 1100C finite element
model. Table 14-3 compares the center of gravity, mass, and wheel base between the 2017 Nissan Versa
used in the crash test and the 2010 Toyota Yaris used in the finite element modeling. Section 14.5.1
compares the TRAP results and section 14.5.2 compares the impact sequence of test 110MASH4C19-01
to the FE simulation.

Table 14-3 Center of Gravity for 1100C Car Test Vehicle and LS-Dyna Finite Element Model

Vehicle Type X* Y** z Mass Wheel Base
. 42.8 -1.9” 2389 Ib 102.3”
Test 110MASH4C19-01 2017 Nissan Versa N/A 1083.7 k
(1086 mm) (-19 mm) (1083.7 ke) (2599 mm)
40.4” -0.1” 21.9” 2427.3 |b 99.9”
1100C Vehicle Model 2010 Toyota Yaris
(1025 mm) (-3.0 mm) (557 mm) (1101 kg) (2538 mm)

* Behind centerline of front tire

** Negative means CG is on the driver side of the centerline

The TRAP data for test 110MASH4C19-01 met the criteria in MASH for a Test Level 4 longitudinal barrier
but the 1100C finite element model’s longitudinal and lateral ridedown accelerations did not meet the
criteria. The higher accelerations might be caused by the simulation barrier being fully constrained. The
posts and beams in the full-scale test article move and deform. The post can slide within the limit of the
holes for the anchor bolts and the posts and beam will bend and flex during the impact. This will absorb
some of the energy of the impact. In the simulation this movement is not allowed and more of the energy
of the impact is felt by the vehicle. Additionally, the FE model does not deform as much as the test vehicle
meaning that the model does not lose as much energy as the test vehicle during the impact. The maximum
roll, pitch, and yaw angles in the 1100C simulation and test 110MASH4C19-01 were similar. Table 14-4
shows the results of the TRAP analysis and Figure 14-20 through Figure 14-30 are graphs of the TRAP
analysis for test 110MASH4C19-01 and the finite element model.

Table 14-4 TRAP Data Comparison for Full Scale and FE Model TRAP Results for 1100C Car (Absolute

Values)
Test 110MASH4C19-01 LS-Dyna Car Simulation
Data Results MASH Criteria
2017 Nissan Versa 2010 Toyota Yaris
Preferred = 30 ft/s (9.1 m/s) 21.3 ft/s 13.5 ft/s
Longitudinal Occupant Impact Velocity
Max =40 ft/s (12.2 m/s) (6.5 m/s) (4.1 m/s)
Longitudinal Ridedown Acceleration Preferred = 15.0 G
34G 222G

10 msec Average Max =20.49 G

Preferred = 30 ft/s (9.1 m/s) 33.1ft/s 21.3 ft/s
Lateral Occupant Impact Velocity

Max =40 ft/s (12.2 m/s) (10.1 m/s) (6.5 m/s)
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Lateral Ridedown Acceleration Preferred =15.0 G
9.9G 220G
10 msec Average Max =20.49 G
PHD n/a 10.0G 309G
ASI n/a 2.83 2.63
Max Roll <75 Degrees 5.7 degrees 8.3 degrees
Max Pitch <75 Degrees 4.4 degrees 4.4 degrees
Max Yaw n/a 38.3 degrees 56.8 degrees

Figure 14-20 Graph of Roll Angles for Full Scale and FE Model TRAP Results for 1100C Car
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Figure 14-21 Graph of Pitch Angles for Full Scale and FE Model TRAP Results for 1100C Car

Figure 14-22 Graph of Yaw Angles for Full Scale and FE Model TRAP Results for 1100C Car
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Figure 14-23 Graph of Roll Rates for Full Scale and FE Model TRAP Results for 1100C Car

Figure 14-24 Graph of Pitch Rates for Full Scale and FE Model TRAP Results for 1100C Car
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Figure 14-25 Graph of Yaw Rates for Full Scale and FE Model TRAP Results for 1100C Car

Figure 14-26 Graph of Longitudinal Accelerations for Full Scale and FE Model TRAP Results for 1100C Car
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Figure 14-27 Graph of Lateral Accelerations for Full Scale and FE Model TRAP Results for 1100C Car

Figure 14-28 Graph of Vertical Accelerations for Full Scale and FE Model TRAP Results for 1100C Car
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Figure 14-29 Graph of Longitudinal Velocity for Full Scale and FE Model TRAP Results for 1100C Car

Figure 14-30 Graph of Lateral Velocity for Full Scale and FE Model TRAP Results for 1100C Car
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A visual comparison of test 110MASH4C19-01 and the 1100C simulation shows that the vehicles’
interaction with the barrier were similar. Figure 14-31 is a sequence of pictures showing the vehicles’

interaction with the test article for both the full-scale test and the finite element model.

Test 110MASH4C19-01: 2017 Nissan
Versa

Time LS-Dyna Car Simulation: 2010 Toyota Yaris

0.00 sec

0.06 sec

0.12 sec

0.18 sec

0.24 sec

0.30 sec

0.36 sec

Figure 14-31 Visual Comparison of Actual Crash Test and Simulations for 1100C Small Car
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10000S Single Unit Truck

This section compares the results of test 110MASH4519-02 and the results of the 10000S finite element
model. Table 14-5 compares the center of gravity, mass, and wheel base between the 2013 4300 SBA
International used in the crash test and the 1996 Ford F800 used in the finite element modeling. Section
14.6.1 compares the TRAP results and section 14.6.2 compares the impact sequence of test
110MASH4S519-02 to the FE simulation.

Table 14-5 Center of Gravity for 10000S Single Unit Truck and LS-Dyna Finite Element Model

Vehicle Type X* Y** z Mass Wheel Base
2013 4300 SBA 148.7" 0.2” 22077 Ib 236.5”
Test 110MASH4S19-02 | k | N/A
nternationa (3776 mm) (4 mm) (10014 kg) (6007 mm)
126.2" -0.4” 22046 b 208.7”
10000S Vehicle Model 1996 Ford F800 N/A
(3206 mm) (-9 mm) (10000 kg) (5300 mm)

* Behind centerline of front tire

** Negative means CG is on the driver side of the centerline

MASH does not provide criteria for TRAP data. The TRAP results for test 110MASH4519-02 and the 10000S
simulation were similar to each other with two exceptions. The lateral occupant impact velocity for the
test was over twice that in the simulation. The maximum roll angle for the simulation was about twice
the roll in the test. As in the pickup test, it seems the real-world test roll, pitch, and yaw angles lag behind
those in the simulation. Again, perhaps this is due to the barrier being fully constrained as well as the
simulation vehicle’s wheelbase being 750 mm (29.5 in) shorter than the test vehicle. Damage to the post
plates was observed in the real-world test, which shows the barrier does not perform as fully constrained
when impacted with the 10000S vehicle. Table 14-6 shows the results of the TRAP analysis and Figure
14-32 through Figure 14-42 are graphs of the TRAP analysis for test 110MASH4S519-02 and the finite
element model.

Table 14-6 TRAP Data Comparison for Full Scale and FE Model TRAP Results for 10000S Single Unit Truck
(Absolute Values)

Data Results MASH Criteria Test 110MASH4S19-02 Finite Element Model
2013 4300 SBA International 1996 Ford F800
Longitudinal Occupant Impact Velocity n/a 3.6 ft/s (1.1 m/s) 3.3 ft/s (1.0 m/s)
Longitudinal Rided Acceleration 10
ongitudinal Ridedown Acceleration 10 msec n/a 226 156
Average
Lateral Occupant Impact Velocity n/a 25.3 ft/s (7.7 m/s) 10.5 ft/s (3.2 m/s)
Lateral Ridedown Acceleration 10 msec Average n/a 3.7G 5.2G
PHD n/a 4.1 5.2
ASI n/a 1.89 0.44
Max Roll n/a 19.6 36.8 degrees
Max Pitch n/a 3.2 4.0 degrees
Max Yaw n/a 16.6 14.8 degrees
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Figure 14-32 Graph of Roll Angles for Full Scale and FE Model TRAP Results for 10000S Single Unit Truck

Figure 14-33 Graph of Pitch Angles for Full Scale and FE Model TRAP Results for 10000S Single Unit
Truck
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Figure 14-34 Graph of Yaw Angles for Full Scale and FE Model TRAP Results for 10000S Single Unit Truck

Figure 14-35 Graph of Roll Rates for Full Scale and FE Model TRAP Results for 10000S Single Unit Truck
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Figure 14-36 Graph of Pitch Rates for Full Scale and FE Model TRAP Results for 10000S Single Unit Truck

Figure 14-37 Graph of Yaw Rates for Full Scale and FE Model TRAP Results for 10000S Single Unit Truck
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Figure 14-38 Graph of Longitudinal Accelerations for Full Scale and FE Model TRAP Results for 10000S
Single Unit Truck

Figure 14-39 Graph of Lateral Accelerations for Full Scale and FE Model TRAP Results for 10000S Single
Unit Truck
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Figure 14-40 Graph of Vertical Accelerations for Full Scale and FE Model TRAP Results for 10000S Single
Unit Truck

Figure 14-41 Graph of Longitudinal Velocity for Full Scale and FE Model TRAP Results for 10000S Single
Unit Truck
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Figure 14-42 Graph of Lateral Velocity for Full Scale and FE Model TRAP Results for 10000S Single Unit
Truck

Visually comparing test 110MASH4S519-02 to the FE simulation shows that the vehicles’ interaction with
the test article were similar for about 0.5 seconds. From the initial impact, the vehicle’s cargo box in the
simulation overrode the top of the barrier. From about 0.5 seconds and on the simulation continued to
rotate over and override the barrier while the full-scale test vehicle began to recover and rotate back onto
its wheels. The photos are not shown in the figure below, but the simulation vehicle will eventually rotate
away from the barrier and back onto its wheels. Figure 14-43 is a sequence of pictures showing the
vehicles’ interaction with the test article for both the full-scale test and the finite element model.

218



California Department of Transportation
Report No. FHWA/CA22-3033
FINAL 8/4/2022

Test 110MASH4S19-02: 2013 4300 SBA
International

Time

Finite Element Model: 1996 Ford F800

0.00 sec

0.09 sec

0.18 sec

0.27 sec

0.36 sec

0.54 sec

0.72 sec

Figure 14-43 Visual Comparison of Actual Crash Test and Simulations for 20000S Single Unit Truck
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Conclusions

A fully constrained finite element shell model of the ST-75 steel bridge was developed, ran, and compared
to full-scale crash test results. Comparing the TRAP results showed that the simulations tended to predict
lower velocities and higher accelerations. While the 2270P truck model predicted the full-scale test would
pass MASH Test Level 4 criteria, the 1100C car model predicted a failure due to high accelerations. The
higher acceleration may be due to the barrier model being full constrained and the vehicle models
deforming less than their real-world counter parts. Comparing the simulations to the full-scale crash tests
showed that the interaction of the vehicles with the barrier were similar except for the 10000S single-unit
van truck. The cargo box in the simulation overrode the top of the barrier which allowed the vehicle to
roll further over the barrier compared to its real-world counterpart. Even with the additional roll the
simulation vehicle eventually rolled back onto its wheels and was redirected as designed by the barrier.

Improvements to future finite element models will include the pedestrian hand/bicycle rail if the real-
world test article includes the rail to see its effect on hood snag with the 2270P test and effect on the
10000S test. In the case of the ST-75, the physical crash testing of the test article built with a handrail did
not show any potential for hood snag in the 2270P test but the handrail may have reduced cargo box
override in the 10000S test. Other test articles may be different. Instead of fully constraining the rails in
the barrier model the rails can be fully constrained every 3 m (10 ft) to represent posts and better match
the full-scale test article. This might lower the accelerations in the 1100C car simulation since the rails
will be allowed to translate and rotate. This would also likely improve the 10000S simulation as the barrier
did not perform as fully constrained in the real-world test, as evidenced by damage to the post plates.
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