


Eligibility for Reimbursement

Based solely on a review of crash test results and certifications submitted by the manufacturer,
and the crash test laboratory, FHWA agrees that the device described herein meets the crash test
and evaluation criteria of the AASHTO’s MASH. Therefore, the device is eligible for
reimbursement under the Federal-aid highway program if installed under the range of tested
conditions.

Name of system: SLED Lo-Ro

Type of system: Crash cushion

Test Level: MASH Test Level 3 (TL3)

Testing conducted by: Applus IDIADA KARCO Engineering, LLC.
Date of request: January 3, 2020

FHWA concurs with the recommendation of the accredited crash testing laboratory on the
attached form.

Full Description of the Eligible Device

The device and supporting documentation, including reports of the crash tests or other testing
done, videos of any crash testing, and/or drawings of the device, are described in the attached
form.

Notice

This eligibility letter is issued for the subject device as tested. Modifications made to the device
are not covered by this letter. Any modifications to this device should be submitted to the user
(i.e., state DOT) as per their requirements.

You are expected to supply potential users with sufficient information on design, installation and
maintenance requirements to ensure proper performance.

You are expected to certify to potential users that the hardware furnished has the same chemistry,
mechanical properties, and geometry as that submitted for review, and that it will meet the test
and evaluation criteria of AASHTO’s MASH.

Issuance of this letter does not convey property rights of any sort or any exclusive privilege. This
letter is based on the premise that information and reports submitted by you are accurate and
correct. We reserve the right to modify or revoke this letter if: (1) there are any inaccuracies in
the information submitted in support of your request for this letter, (2) the qualification testing
was flawed, (3) in-service performance or other information reveals safety problems, (4) the
system is significantly different from the version that was crash tested, or (5) any other
information indicates that the letter was issued in error or otherwise does not reflect full and
complete information about the crashworthiness of the system.
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Required Test Narrative Evaluation
Number Description Results

2-32(1100C) Efstrﬁg r;ljlicable for non-redirectivecrash Non-Relevant Test, not conducted

2.33 (2270P) ?S;rﬁgg"cab'e fornon-redirectivecrash |\ Relevant Test, not conducted
2.34(1100C) Ej;ﬁgﬁ"cab'e fornon-redirectivecrash |\, Relevant Test, not conducted
2-35(2270P) Elljnsltﬁgﬁlicable fornon-redirective crash Non-Relevant Test, not conducted

2.36 (2270P) Ef;ﬁgﬁ"cab'e fornon-redirectivecrash |\ Relevant Test, not conducted
2-37(2270p) [\\°1~PRICaDIefornon-redrectivecrash i non Relevant Test, not conducted

238 (1500A) Ej;ﬁgﬁ"cab'e fornon-redirectivecrash |\, Relevant Test, not conducted

Test report numberP39135-01,conducted
on 05/13/19. Test 2-40 involves an 1100C
test vehicle impacting the system at a
nominalspeedandangle of 44 mph (70km/
h)and 0°with the system offset one quarter
the vehicles overall width. The offset
orientationexamines the risk of exceeding
occupant risk values, vehicle instability, and
yaw movement. The test vehicle wasa
commercially available 2007 KiaRio with a
testinertial massof 2,439.4 Ibs (1,106.5kg).

Thevehicle impacted the system at aspeed
and angle of 44.34 mph (71.36 km/h) and
0.4°, respectively. Upon impact the vehicle
pushed the SLED downstream and ruptured
the primary module. The vehicle rotated
about it's yaw axis before exiting the
system. The vehicle remained upright and
was brought to a controlled stop. The
vehicle came to rest 15.8 ft. (4.8 m)
downstream from the initial point of
contact with the CIS. The SLED and Lo-Ro
modules remained tethered together via
the steel t-pin between module knuckles
which connects directly to the internal
molded in steel cables. There were no
detached elements that showed potential
to penetrate the vehicle or present undue
hazards to personnel in a work zone. The
Occupant Impact Velocities (OIV) and
Ridedown accelerations were within the
specified limits of MASH. The roll and pitch
angles did not exceed 75° and there was
minimal occupant compartment
deformation. The SLED Lo-Ro met all the
requirements for MASHTest 2-40.

2-40(1100C) PASS
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2-41(2270P)

Test report numberP39136-01,conducted
on 05/14/19. Test 2-41 involves an 2270P
test vehicle impacting the system at a
nominalspeedandangle of 44 mph (70km/
h)and 0°with the system aligned with the
centerline of the test vehicle. Thecenterline
impact orientation examines the risk of
exceeding occupant risk values, vehicle
instability, and the capacity of the SLEDto
absorb sufficient kinetic energy. The test
vehicle wasa commercially available 2014
RAM 1500 with a test inertial mass of
4,948.2Ibs (2,244.5kg).

Thevehicle impacted the system at aspeed
and angle of 44.03 mph (70.86 km/h) and
0.1°, respectively. The vehicle remained in
contact with the system throughout the
event and came to rest 13.0 ft. (4.0 m)
downstream fromits initial point of contact.
The SLED Lo-Ro brought the vehicle to a
controlled stop and remained upright.
There were no detached elements that
showed potential to penetrate the vehicle
or presentundue hazardsto personnelina
work zone. TheOccupant Impact Velocities
(OIV) and Ridedown accelerations were
within the specified limits of MASH.Theroll
and pitch angles did not exceed 75° and
there was no occupant compartment
deformation. The SLED Lo-Ro met all the
requirements for MASHTest2-41.

PASS
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2-42(1100C)

Test report numberP39204-01,conducted
on 06/20/19. Test 2-42 involves an 1100C
test vehicle impacting the system at a
nominalspeedandangle of 44 mph (70km/
h) and 5° with the nose of the system
aligned with the centerline of the vehicle.
Theangled orientation examines therisk of
exceeding occupant risk values, vehicle
instability and yaw movement. The test
vehicle wasa commercially available 2006
KiaRio with a testinertial massof 2,390.9 Ibs
(1,084.5kq).

Thevehicle impacted the system at aspeed
and angle of 44.78 mph (72.07 km/h) and
5.0° respectively. Upon impact the vehicle
pushed the SLED downstream and ruptured
the primary module and the first Lo-Ro
module. The vehicle remained upright and
was brought to a controlled stop. The
vehicle cameto rest0.7ft. (0.2 m) rearward
fromitsinitial point of contact with the CIS.
The SLED and Lo-Ro modules remained
tethered together via the steel t-pin
between module knuckles which connects
directly to the internal molded in steel
cables. There were no detached elements
that showed potential to penetrate the
vehicle or present undue hazards to
personnel in a work zone. The Occupant
Impact Velocities (OIV) and Ridedown
accelerations were within the specified
limits of MASH. The rolland pitch anglesdid
not exceed 75° and there was minimal
occupant compartment deformation. The
SLED Lo-Ro met all the requirements for
MASH Test2-42.

PASS
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2-43(2270P)

Test report numberP39205-01,conducted
on 06/21/19. Test 2-43 involves an 2270P
test vehicle impacting the system at a
nominalspeedandangle of 44 mph (70km/
h) and 5° with the nose of the system
aligned with the centerline of the vehicle.
Theangled orientation examinesthe risk of
exceeding occupant risk values, vehicle
instability, and yaw movement. The test
vehicle wasa commercially available 2013
RAM 1500 with a test inertial mass of
4,994.51bs (2,265.5kg).

Thevehicle impacted the system at aspeed
and angle of 45.19 mph (72.73 km/h) and
5.1°, respectively. Upon impact the vehicle
pushed the SLED downstream and ruptured
the primary module and the first three Lo-
Ro modules. The vehicle remained upright
and was brought to a controlled stop. The
vehicle cameto rest 12.9ft. (3.9 m)
downstream from its first point of contact
with the CIS. The SLED and Lo-Ro modules
remained tethered together via the steel t-
pin between module knuckles which
connects directly to the internal molded in
steel cables. There were no detached
elements that showed potential to
penetrate the vehicle or present undue
hazards to personnel in a work zone. The
Occupant Impact Velocities (OIV) and
Ridedown accelerations were within the
specified limits of MASH. The roll and pitch
angles did not exceed 75° and there was
minimal occupant compartment
deformation. The SLED Lo-Ro met all the

requirements for MASHTest 2-43.

PASS
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Test report numberP39203-01,conducted
on 06/19/19. Test 2-44 involves an 2270P
test vehicle impacting the system at a
nominalspeedandangle of 44 mph (70km/
h)and 20°with the centerline of the vehicle
directed to the leading corner of thefirst Lo-
Ro module. This angle and barrier
intersection directed the test vehicle into
the front of the steel Containment Impact
SLED (CIS) at itsClIPas defined in MASH for
non-redirective crash cushions. The side
angled impact examines the risk of vehicle
instability and occupant compartment
deformation. The test vehicle wasa
commercially available 2014 RAM 1500 with
a testinertial mass of 4,951.5 Ibs (2,246.0

kg).

Thevehicle impacted the system at aspeed
and angle of 42.25 mph (68.00 km/h) and
19.3° respectively. Upon impact the vehicle
pushed the SLED and adjacent Lo-Ro
2-44(2270P)  |modules to the non-trafficside. ThePrimary |PASS
module and the first Lo-Ro modules were
ruptured and released water. The vehicle
remained upright and was brought to a
controlled stop. The vehicle cameto rest
21.1ft. (6.4 m) downstream from its first
point of contact with the CIS. TheSLEDand
Lo-Ro modules remained tethered together
via the steel t-pin between module knuckles
which connects directly to the internal
molded in steel cables. There were no
detached elements that showed potential
to penetrate the vehicle or present undue
hazards to personnel in a work zone. The
Occupant Impact Velocities (OIV) and
Ridedown accelerations were within the
specified limits of MASH. The roll and pitch
angles did not exceed 75° and there was
minimal occupant compartment
deformation. The SLED Lo-Ro met all the
requirements for MASHTest2-44.

Test2-45isintended to evaluate the
performance of staging crash cushions
during impacts with mid-sized vehicles. The
SLED Lo-Ro uses water to dissipate the
impacting vehicleskinetic energy. All water-
filled modulesare physically the same in
composition and contain thesameamount
2-45(1500A) lof water. Theforce required to activateeach | Non-Relevant Test, not conducted
moduleis the samethroughout thesystem
making the activation force linear as the
impacting vehicle travelsdownstream.
Therefore the SLED Lo-Rois not astaging
devices and test 2-45 is non-relevant and
was notconducted.




Version 10.0 (05/16)
Page 8 of 8

Full Scale Crash Testing was done in compliance with MASH by the following accredited crash test
laboratory (cite the laboratory’s accreditation status as noted in the crash test reports.):

Laboratory Name: Applus IDIADA KARCOEnNgineering, LLC

CaboratorySignature: \‘_)‘[eve n BN e Sovenigata el acecom =05
Date: 2020.01 2808:50:40-08'00°

Address: 9270 Holly Road, Adelanto, CA92301 SameasSubmitter [ ]

Country: United Statesof America SameasSubmitter [ ]

Accreditation Certificate

Number and Dates of current |TL-371:July2019 -July 2022
Accreditation period :

SubmitterSignature*:Robert Ramirez 5etuyzisee oterfanve:

Date: 2020.01.2809:55:41-08'00'

Submit Form

ATTACHMENTS

Attach to this form:

1) Additional disclosures of related financial interest as indicated above.

2) A copy of the full test report, video, and a Test Data Summary Sheet for each test conducted in
support of this request.

3) A drawing or drawings of the device(s) that conform to the Task Force-13 Drawing Specifications
[Hardware Guide Drawing Standards]. For proprietary products, a single isometric line drawing is
usually acceptable to illustrate the product, with detailed specifications, intended use, and contact
information provided on the reverse. Additional drawings (not in TF-13 format) showing details that
are relevant to understanding the dimensions and performance of the device should also be submitted
to facilitate our review.

FHWA Official Business Only:
Eligibility Letter
Number Date Key Words

























