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Product Specification 

 
ABSORB 350TM TL-3 

Non-Redirective, Gating, Crash Cushion 
Applied to Permanent and Portable Concrete Barrier 

 
 
I.  General 
 
The ABSORB 350TM TL-3 System is a Non-Redirective, Gating, Crash Cushion in 
accordance with the definitions in the National Cooperative Highway Research Program 
Report 350 (NCHRP 350).  The system shall be tested and perform in an acceptable 
manner in accordance with the guidelines of NCHRP 350 at Test Level 3 (100 km/h). 
 
 
II.  Performance 
 
The ABSORB 350 is designed to absorb the impact energy of an errant vehicle in 
accordance with NCHRP 350 guidelines for Non-Redirective, Gating, Crash Cushions.  
The system is designed to be attached to Permanent Concrete Barrier and Portable 
Concrete Barrier with section lengths of at least 3.1 meters (10 feet).  When attached in 
accordance with the manufacturers instructions, the ABSORB 350 system is capable of 
safely stopping a 2000 kg (4400 pound) pickup truck impacting the system at 100 km/h 
(62.3 mph) and 0 degrees and an 820 kg (1800 pound) compact vehicle impacting the 
system at 100 km/h (62.3 mph), 0 degrees and with an offset of the vehicle and system 
centerlines of one-fourth the vehicle width. 
 
A.  When properly installed according to the manufacturer's recommendations the 
ABSORB 350 system shall be fully tested to and meet the recommended structural 
adequacy, occupant risk, and vehicle trajectory criteria set forth in NCHRP 350 for Test 
Level 3 Non-Redirective, Gating Crash Cushions (NCHRP 350 TL-3): 
 

1.  Impact at 0 degrees at w/4 offset (centerline of vehicle offset 1/4 width of 
vehicle from centerline of system) at 100 km/h with an 820C vehicle. This is Test 
3-40 of NCHRP 35.
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2. Impact at 0 degrees into center nose of device (0 offset from centerline of 
vehicle) at 100 km/h with a 2000P vehicle.  This is Test 3-41 of NCHRP 350. 

 
3.  Impact at 15 degrees into center nose of device (0 offset from centerline of 
vehicle) at 100 km/h with an 820C vehicle unless the Federal Highway 
Administration, due to acceptable performance in test 3-40, waives this test.  This 
is Test 3-42 of NCHRP 350. 

 
4.  Impact at 15 degrees into center nose of device (0 offset from centerline of 
vehicle) at 100 km/h with a 2000P vehicle.  This is Test 3-43 of NCHRP 350. 

 
5. Impact at 20 degrees along the side of the unit (with the centerline of the 
vehicle aligned with the centerline of the attachment of the barrier and the 
ABSORB 350™) at 100 km/h with a 2000P vehicle.  This is Test 3-44 of NCHRP 
350 as modified by the Federal Highway Administration. 

 
B. The impact velocity of a hypothetical front seat passenger against the vehicle interior 
as calculated from the longitudinal vehicle acceleration and 600 mm [23 5/8 in] forward 
displacement, and the lateral vehicle acceleration and 300 mm [1 ft] lateral displacement 
shall be less than 12 m/s (39.3 ft/s] and the highest 10 ms average vehicle acceleration in 
the longitudinal and lateral directions subsequent to the instant of hypothetical occupant 
impact shall be less than 20 g’s in NCHRP 350 tests 3-40, 41, 42 and 43. 
 
 For TL-3 impacts detached debris shall not show potential for penetrating the vehicle 
occupant compartment or presenting a hazard to other traffic, pedestrians, or workers in a 
work zone. The vehicle shall remain upright during and after the collision although 
moderate roll, pitch and yaw may occur. 
 
 
III. Description of System 
 
A. The ABSORB 350 system shall be made up of the following components and the 
system shall be fabricated from materials conforming to the following specifications: 
 

1. ABSORB 350 Energy Absorbing Element – Each element of the system shall 
be composed of a plastic container, steel side bars, end plate/ hinge 
assemblies, an evaporation prevention cap with tether and appropriate 
fasteners.  The overall dimensions of the assembled element are 610 mm (24 
inches) wide, 812 mm (32 inches) tall and 1000 mm (39 1/2 inches) long, as 
shown in the attached drawing (B000524).  Each element of the system shall 
weigh approximately 50 kg (110 pounds) when empty and 325 kg (717 
pounds) when filled.  The first element of the assembled system should 
always be empty of fluid with the evaporation prevention cap installed.  All 
other elements of the system should be filled with fluid in accordance with the 
installation instructions and the evaporation prevention cap shall be securely 
installed.  All elements shall be attached in accordance with the installation 
instructions and drawings supplied by the manufacturer. 
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a. The plastic elements shall be molded from Linear Low Density 

Polyethylene. 
 
b. All steel sidebars, end plate/hinge assemblies shall be fabricated from 

mild steel in conformance with ASTM A-36 specifications. 
 

 
c. The evaporation prevention cap shall be molded from low density 

polyethylene 
 
2. ABSORB 350 Nose Piece – Each ABSORB 350 system shall contain one 

Nose Piece at the front of the system.  The Nose Piece is approximately 620 
mm (24 3/8inches) wide, 825mm (32 1/2inches) tall and 610mm (24 inches) 
long, as shown in the attached drawing (B000526).  The Nose Piece shall 
weigh approximately 60 kg (132 pounds) and shall be attached to the first 
Energy Absorbing Element in accordance with the installation instructions 
and drawings supplied by the manufacturer. 

 
a. The Nose Piece shall be fabricated from mild steel in conformance 

with ASTM A-36. 
 
b. The Nose Piece shall also have an aluminum skin on the front portion 

to provide an aesthetic cover and a place for attaching traffic control 
signage, if needed.  This skin shall be fabricated from 5052 H32 in 
conformance with ASTM B209 and shall be attached to the steel 
portion of the Nose Piece with adhesives and pop rivets. 

 
3. ABSORB 350 Transition Hardware for PCB – The transition configuration is 

as shown in the attached drawing B000608.  
 
a. PCB Transition Hardware is fabricated from mild steel in conformance 

with ASTM A-36 as shown in the attached drawing (B000531).  The 
steel components shall weigh approximately 80 kg (176 pounds).  

 
 
B.  Attachment of the ABSORB 350™ system to PCB systems shall require nine (9) 
Energy Absorbing Elements.  Assembly should be in compliance with the manufactures 
drawings and written instructions. 
 
C.  The ABSORB 350™ system shall be able to be refurbished after a NCHRP 350 type 
impact in less than 1 hour with two people, an adequate fluid supply and refurbishment 
materials. 
 
D.   The ABSORB 350™ system shall not require attachment to a foundation.  
Attachment to the PCB system will require attachment in accordance with the 
manufacturer’s drawings and instructions. 
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E. The ABSORB 350™ system shall be assembled and filled with fluid in accordance 
with the manufacturers instructions.  If there is a possibility that the fluid in the system 
could freeze due to low temperatures, proper antifreeze agents should be used in 
accordance with local standards and environmental regulations. 
 
IV.  Application of Safety Appurtenances 
 
Highway safety appurtenances should be applied to hazardous sites in accordance with 
the guidelines and recommendations in the American Association of State Highway 
Transportation Officials (AASHTO), “Roadside Design Guide,” 1989, and other Federal 
Highway Administration and State Department of Transportation requirements.  
Placement and use of the ABSORB 350 system should comply with these specifications 
and guidelines. 
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1200 New Jersey Avenue, SE. 
Washington, DC  20590 

March 20, 2009 

 
In Reply Refer To: HSSD/CC-35I 

 
 
 
 
Mr. Barry D. Stephens, P.E. 
Sr. Vice President Engineering 
Energy Absorption Systems, Inc. 
3617 Cincinnati Avenue 
Rocklin, CA  95678 
 
Dear Mr. Stephens:  
 
This letter is in response to your request for the Federal Highway Administration (FHWA) 
acceptance of a roadside safety device for use on the National Highway System (NHS). 
 
 Name of device:  5-bay QuadGuard II 
    5-bay QuadGuard II Wide 
    2-bay QuadGuard II 
 Type of device:  Impact Attenuators 
 Test Level:   NCHRP Report 350 Test Levels 2 and 3 
 Testing conducted by: E-Tech Testing Services, Inc. 
 Date of request:  December 8, 2008 
  
You requested that we find this device acceptable for use on the NHS under the provisions of 
National Cooperative Highway Research Program (NCHRP) Report 350 “Recommended 
Procedures for the Safety Performance Evaluation of Highway Features.”  
 
Requirements
Roadside safety devices should meet the guidelines contained in the NCHRP Report 350."  The 
FHWA Memorandum “Identifying Acceptable Highway Safety Features” of July 25, 1997, 
provides further guidance on crash testing requirements of longitudinal barriers.  
 
Description 
The QuadGuard® II is a redirective, non-gating crash cushion with a reduced length of 5 bays 
that is otherwise identical to the previously accepted Test Level 3 (TL-3) 6-bay unit (see FHWA 
Acceptance Letter CC-35, dated June 21, 1996).  The difference is that one bay is removed from 
the rear of the system and a new sheet metal front nose is used.  Likewise, the QuadGuard® II 
with a reduced length of 2 bays is identical to the previously accepted TL-2 3-bay unit  
(ref. CC-35C, dated June 17, 1999)  with the exception of one of the rear bays being removed 
plus a new sheet metal front nose. 
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Features of the 5-bay QuadGuard® II systems (narrow and wide) as well as the 2-bay 
QuadGuard® II narrow system are depicted in the enclosed drawings for reference.  The 
QuadGuard® II 5-bay narrow system has an overall length of 5830 mm (19’ 1”) and can be 
configured with backup widths of 610 mm (24 inches), 762 mm (30 inches), 914 mm  
(36 inches), 1753 mm (69 inches), and 2286 mm (90 inches).  The 2-bay QuadGuard® II system 
has an overall length of 3080 mm (10’ 1”) and can be configured with a backup width of  
610 mm (24 inches).  The system consists of energy absorbing cartridges surrounded by a 
framework of steel Quad-Beam® guardrail that can telescope rearward during head-on impacts.  
The system has a center monorail that will resist lateral movement during side angle impacts and 
a back up structure that will resist movement during head-on impacts.  Simply removing a rear 
Bay from an existing 6-Bay or 3-Bay system will not be adequate to meet TL-3 and TL-2 impact 
speeds, respectively.  As noted in your report, the QuadGuard II system requires an upgraded 
nose assembly. 

Crash Testing    
The original 6-bay test data of NCHRP 350 Test 3-31 and 3-32 demonstrated that the 2000P 
vehicle impacting at 0 degree and a nominal speed of 100km/h (63 mph) resulted in a ridedown 
g’s of -14.52 and Occupant Impact Velocity ( V) of 10.55 m/s.  An engineering review of this 
previous data indicated excess capacity in the device and prompted a crash test to be done after 
removing bay 6.  The NCHRP 350 Tests 3-31 and 3-32 were conducted and the results are as 
follows: 
 
Narrow System 610mm (24 inches) width: 
Test 3-31: Impact speed: 101.1 km/h, ridedown of -17.3 g’s, and V  9.6 m/s. 
Test 3-32: Impact speed:   98.3 km/h, ridedown of -17.4 g’s, and V 12.4 m/s. 
 
Wide System 2286mm (90 inches) width: 
Test 3-31: Impact speed: 99.7 km/h, ridedown of -17.0 g’s, and V 10.0 m/s. 
Test 3-32: Impact speed: 97.7 km/h, ridedown of -17.4 g’s, and V 11.7 m/s. 
  
Similarly the 3-bay narrow system test data demonstrated that the 2000P vehicle impacting at  
0 degree and a nominal speed of 70km/h (43.5 mph) resulted in a ridedown g’s of -19.57 and 
Occupant Impact Velocity ( V) of 8.89.  Again an engineering review indicated excess capacity 
in the device and prompted the following crash tests with results as follows:    
 
Test 2-31: Impact speed: 68.3 km/h, ridedown of -19.4 g’s, and V 10.7 m/s. 
Test 2-32: Impact speed: 67.7 km/h, ridedown of -17.8 g’s, and V 10.8 m/s. 
 
Due to the elimination of one bay at the rear of each system we concur that the tests performed 
provide adequate capacity of head-on impacts for all widths of TL-3 5-bay QuadGuard® II 
systems.  In addition we also concur that the tests performed on the TL-2 2-bay QuadGuard® II 
system provide adequate capacity for head-on impacts for the 610mm (24 inches) width system.  
We agree that the front of the system was adequately tested for the 820C vehicle crash  
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characteristics.   Based upon the multiple redirective test impacts into the QuadGuard® and the 
basic structure of the reduced 5-bay and 2-bay QuadGuard® II being unchanged, redirective tests 
are not required. 

Findings
The QuadGuard®  II 5-bay and 2-bay systems meet the evaluation criteria for NCHRP Report 
350 redirective, non-gating crash cushion at TL-3 and TL-2  impact conditions respectively and 
are acceptable for use on the NHS when such use is acceptable to the contracting authority.  It’s 
further acknowledged that the QuadGuard® II can be installed with existing QuadGuard® 
Transition hardware (Reference CC-35B, dated October 17, 1996.) 
 
Please note the following standard provisions that apply to the FHWA letters of acceptance: 
 

This acceptance is limited to the crashworthiness characteristics of the devices and does not  
cover their structural features, nor conformity with the Manual on Uniform Traffic Control 
Devices. 
Any changes that may adversely influence the crashworthiness of the device will require a 
new acceptance letter. 
Should the FHWA discover that the qualification testing was flawed, that in-service 
performance reveals unacceptable safety problems, or that the device being marketed is 
significantly different from the version that was crash tested, we reserve the right to modify 
or revoke our acceptance. 
You will be expected to supply potential users with sufficient information on design and 
installation requirements to ensure proper performance. 
You will be expected to certify to potential users that the hardware furnished has essentially 
the same chemistry, mechanical properties, and geometry as that submitted for acceptance, 
and that it will meet the crashworthiness requirements of the FHWA and the NCHRP  
Report 350. 
To prevent misunderstanding by others, this letter of acceptance is designated as number  
CC-35I and shall not be reproduced except in full.  This letter and the test documentation 
upon which it is based are public information.  All such letters and documentation may be 
reviewed at our office upon request.  
The QuadGuard and QuadGuard II families of crash cushions are patented products and 
considered proprietary.  If proprietary devices are specified by a highway agency for use on 
Federal-aid projects, except exempt, non-NHS projects,  (a) they must be supplied through 
competitive bidding with equally suitable unpatented items; (b) the highway agency must 
certify that they are essential for synchronization with the existing highway facilities or that 
no equally suitable alternative exists; or (c) they must be used for research or for a distinctive 
type of construction on relatively short sections of road for experimental purposes.  Our 
regulations concerning proprietary products are contained in Title 23, Code of Federal 
Regulations, Section 635.411. 
This acceptance letter shall not be construed as authorization or consent by the FHWA to use, 
manufacture, or sell any patented device for which the applicant is not the patent holder.  The 
acceptance letter is limited to the crashworthiness characteristics of the candidate device, and  
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the FHWA is neither prepared nor required to become involved in issues concerning patent 
law.  Patent issues, if any, are to be resolved by the applicant. 

 
Sincerely yours, 
 
 
 

 
David A. Nicol, P.E.   
Director, Office of Safety Design 
Office of Safety 

 
Enclosures 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FHWA:HSSD:NArtimovich:tb:x61331:3/909 
File: s://directory folder/nartimovich/CC35I_Quadguardll.doc 
cc:      HSSD (Reader, HSA; Chron File, HSSD; N.Artimovich, HSSD; 
  WLongstreet, HSSD; M.McDonough, HSSD)  
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February 9, 2011 
In Reply Refer To: 

  HSST/CC-114 
Mr. Geoff Maus  
Chief Design Engineer 
TrafFix Devices, Inc. 
160 Avenida La Pata 
San Clemente, California  92673 
 
Dear Mr. Maus: 

This letter is in response to your request for the Federal Highway Administration (FHWA) 
acceptance of a roadside safety system for use on the National Highway System (NHS). 

Name of system:  SLED – Sentry Longitudinal Energy Dissipater 
Type of system:  Gating Crash Cushion/Impact Attenuator 
Test Level:  NCHRP Report 350 Test Level 3 (TL-3) 
Testing conducted by:  KARCO Engineering 
Date of request:  August 31, 2010 
Date initially acknowledged:    August 31, 2010 

You requested that we find this system acceptable for use on the NHS under the provisions of the 
National Cooperative Highway Research Program (NCHRP) Report 350.  

Requirements  
Roadside safety devices should meet the guidelines contained in the Report 350.  The FHWA 
memorandum “ACTION: Identifying Acceptable Highway Safety Features” of July 24, 1997, 
provides further guidance on crash testing requirements of longitudinal barriers. 

Decision 
The following device was found acceptable, with details provided below: 
 
•  TL-3 SLED – Sentry Longitudinal Energy Dissipater 
 
Description 
The SLED End Treatment is a high-density polyethylene (HDPE) water filled crash cushion 
designed to shield the end of permanent and portable barrier shapes including concrete, steel, and 
plastic.  The SLED End Treatment modules are designed for uni- and bi-directional traffic 
applications where a gating device is acceptable to the road authority. 
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The SLED End Treatment modules are designated by their yellow color, each module has overall 
dimensions of approximately 6.3 ft (1.93 m) x 1.875 ft (.57 m) x 3.8 ft (1.16 m) and weighs 
approximately 160 lbs empty and 2000 lbs filled.  Each module has eleven connecting lugs, five 
on one end and six on the opposite end.  The four upper lugs on every module contain an 
independent corrosion resistant wire rope.  A 1.125 inch (28.6 mm) diameter steel t-pin drops 
through the 1.5 inch (38 mm) diameter holes in the lugs linking the sections together. 
At the front of the end treatment, pinned directly to module #1 is the Containment Impact Sled 
(CIS).  The CIS is made of all steel construction with a flat bottom, a curved sheet metal nose, 
and support frames made of structural rectangular steel tubes.  The CIS is designed to attach to 
either the five or six knuckle ends of module #1.  The CIS has a curved impact face to fit over 
the curved knuckle contour of module #1.  The vertical t-pin connects the CIS to module #1 
through the series of vertical knuckles and the internal molded-in cables.  Module #1 is designed 
to be an empty module.  To prevent module #1 from being filled, six holes are designed into the 
lower edge of the side walls.  Modules 2, 3, and 4 are filled entirely and weigh approximately 
2000lbs (907 kg) each when filled.  
 
When the Sentry SLED End Treatment is used to shield an end of an array of Sentry Water 
Cable Barriers, one CIS, and one module #1 is attached.  For TL-3 applications, the SLED End 
Treatment is attached to a minimum of ten (unlimited maximum number) Sentry Water Cable 
Barriers.  
 
For shielding all permanent and portable barriers, an adjustable steel transition has been 
designed.  This transition securely attaches the rear of the Sentry SLED End Treatment to the 
shielded object.  The transition is designed to accommodate assorted safety barrier shapes and 
sizes by using hinged outboard transition panels.  The transition panels are made of 0.188 inch  
(4.8 mm) thick steel, which when attached to the barrier, conforms to the contour of the barrier.  
The combination of hinging, and contouring, allow the panels allows the SLED End Treatment 
to be attached to narrow and wide and profile shapes with either converging, or diverging angles, 
up to 10 degrees.  For testing, the contoured hinged panels were anchored to the barriers using a 
minimum of eight 1 inch diameter anchor bolts with expansion sleeves, minimum four per side.   
 
Crash Testing 
A non-redirective gating crash cushion requires the following tests be conducted: 
3-40, 3-41, 3-42, 3-43, and 3-44.  The following full-scale tests were conducted on the SLED: 
 
Tests for Shielding Sentry Water Cable Barrier 
 NCHRP-350  Test Vehicle        Impact       Impact    Occ. Imp Ridedown 
Test Number  Weight (kg)     Speed (kph)     Condition      Velocity (m/s)  Acceleration (G)  
   3-40       820              99.6      ¼ offset              10.6                  15.7 
   3-41       2000              102            0⁰                  11.1         11.0    
   3-43      2000            102.4                  15⁰                 8.0        4.8 
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Tests for Shielding F-Shape CMB Unpinned and Permanently Anchored 
 NCHRP-350  Test Vehicle        Impact       Impact    Occ. Imp Ridedown 
Test Number  Weight (kg)     Speed (kph)   Angle Degree  Velocity (m/s)  Acceleration (G)  
   3-41 Free Standing    2000              101.5            0⁰                  9.2                 9.6 
   3-41 Anchored    2000              99.1            0⁰                  9.7         12.3     
   3-44 Anchored    2000            103.1                 20⁰                 9.8        10.6 
   3-44M Anchored            2000                         96.2                   15°              8.4      15.6 
 
You requested waivers of the following tests: 
 
Test 3-40 -Shielding permanent and portable concrete barriers. 
Test 3-42 -Shielding Sentry Water Cable Barrier and permanent and portable concrete barriers.  
Test 3-43- Shielding permanent and portable concrete barriers.  
Test 3-44 -Shielding Sentry Water Cable Barrier. 
 
You detailed your reasoning behind the waiver requests as follows: 
 
Test 3-40 Shielding Permanent and Portable Concrete Barriers 
The Sentry SLED End Treatment shielding Sentry Water Cable Barrier recorded an OIV of 10.6 
m/s and a ridedown acceleration of 15.7 g’s.  These values are below accepted levels, and were 
recorded prior to movement of the fourth Sentry module.  You expect little or no change in 
performance with the SLED End Treatment attached to a fixed object.  
 
Tests 3-42 Shielding Sentry Water Cable Barrier and Permanent and Portable Concrete Barriers 
You expect the impacting car to push the sled and first empty module aside, allowing the end 
treatment to act as a gating device, similar to the 3-43 test performed.  Just as the 3-43 test had 
lower measured values than the 3-41 test, we would expect the 3-42 test would have lower 
values than the 3-40 test.   
 
Test 3-43 Shielding Permanent and Portable Concrete Barriers 
As tested, shielding the Sentry Water Cable Barrier, the trajectory of the impacting vehicle 
carried past the angled barrier and remained upright during and after the collision with only 
moderate, roll pitch, and yaw.  It would be expected that the impacting vehicle would have 
similar test results regardless of the type of barrier that is being shielded.   
 
Test 3-44 Shielding Sentry Water Cable Barriers  
The SLED End Treatment was tested twice in the most severe condition, attached to rigid 
anchored F-shape safety concrete barrier, in test 3-44 and 3-44M parameters.  In these tests, all 
specified evaluation criteria (C,D,F,K, and N) were met.  In addition, evaluation criteria H and I 
(OIV and Ridedown) were well below the maximum accepted values.  Based on the 3-11 
performance of Sentry Water Cable Barriers, and the products ability to deflect, you expect equal 
or better performance for evaluation criteria C,D,F,K and N with the SLED End Treatment 
attached to Sentry Water Cable Barriers.   
 
All physical crash test summaries are included as enclosures to this correspondence. 
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Findings 
Because the SLED is a non-redirecting, gating cash cushion, it should be applied to hazards that 
are not likely to be impacted at an angle on the side at any significant velocity.  We note also that 
proper antifreezing agents must be used as filler when the SLED and Sentry products are used in 
areas where low temperatures can be anticipated.  All users of this device should be made aware 
of the factors that contribute to its proper performance. 
 
Therefore, the system described in the requests above and detailed in the enclosed drawings is 
acceptable for use on the NHS under the range of conditions tested, when such use is acceptable 
to a highway agency. 

Please note the following standard provisions that apply to FHWA letters of acceptance: 

• This acceptance is limited to the crashworthiness characteristics of the systems and does not 
cover their structural features, nor conformity with the Manual on Uniform Traffic Control 
Devices.  

• Any changes that may adversely influence the crashworthiness of the system will require a 
new acceptance letter.  

• Should the FHWA discover that the qualification testing was flawed, that in-service 
performance reveals unacceptable safety problems, or that the system being marketed is 
significantly different from the version that was crash tested, we reserve the right to modify 
or revoke our acceptance.  

• You will be expected to supply potential users with sufficient information on design and 
installation requirements to ensure proper performance.  

• You will be expected to certify to potential users that the hardware furnished has essentially 
the same chemistry, mechanical properties, and geometry as that submitted for acceptance, 
and that it will meet the crashworthiness requirements of the FHWA and NCHRP Report 
350. 

• To prevent misunderstanding by others, this letter of acceptance is designated as number  
CC-114 and shall not be reproduced except in full.  This letter and the test documentation 
upon which it is based are public information.  All such letters and documentation may be 
reviewed at our office upon request.  

• The Sentry and SLED are patented products and considered proprietary.  If proprietary 
devices are specified by a highway agency for use on Federal-aid projects, except exempt, 
non-NHS projects, (a) they must be supplied through competitive bidding with equally 
suitable unpatented items; (b) the highway agency must certify that they are essential for 
synchronization with the existing highway facilities or that no equally suitable alternative 
exists; or (c) they must be used for research or for a distinctive type of construction on 
relatively short sections of road for experimental purposes.  Our regulations concerning 
proprietary products are contained in Title 23, Code of Federal Regulations, Section 635.411. 

• This acceptance letter shall not be construed as authorization or consent by the FHWA to use, 
manufacture, or sell any patented system for which the applicant is not the patent holder.   
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The acceptance letter is limited to the crashworthiness characteristics of the candidate 
system, and the FHWA is neither prepared nor required to become involved in issues 
concerning patent law.  Patent issues, if any, are to be resolved by the applicant.  

Sincerely, 
 
 
 
 
Michael S. Griffith  
Director, Office of Safety Technologies  
Office of Safety  
 

Enclosures  
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February 9, 2011 
In Reply Refer To: 

  HSST/CC-114 
Mr. Geoff Maus  
Chief Design Engineer 
TrafFix Devices, Inc. 
160 Avenida La Pata 
San Clemente, California  92673 
 
Dear Mr. Maus: 

This letter is in response to your request for the Federal Highway Administration (FHWA) 
acceptance of a roadside safety system for use on the National Highway System (NHS). 

Name of system:  SLED – Sentry Longitudinal Energy Dissipater 
Type of system:  Gating Crash Cushion/Impact Attenuator 
Test Level:  NCHRP Report 350 Test Level 3 (TL-3) 
Testing conducted by:  KARCO Engineering 
Date of request:  August 31, 2010 
Date initially acknowledged:    August 31, 2010 

You requested that we find this system acceptable for use on the NHS under the provisions of the 
National Cooperative Highway Research Program (NCHRP) Report 350.  

Requirements  
Roadside safety devices should meet the guidelines contained in the Report 350.  The FHWA 
memorandum “ACTION: Identifying Acceptable Highway Safety Features” of July 24, 1997, 
provides further guidance on crash testing requirements of longitudinal barriers. 

Decision 
The following device was found acceptable, with details provided below: 
 
•  TL-3 SLED – Sentry Longitudinal Energy Dissipater 
 
Description 
The SLED End Treatment is a high-density polyethylene (HDPE) water filled crash cushion 
designed to shield the end of permanent and portable barrier shapes including concrete, steel, and 
plastic.  The SLED End Treatment modules are designed for uni- and bi-directional traffic 
applications where a gating device is acceptable to the road authority. 
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The SLED End Treatment modules are designated by their yellow color, each module has overall 
dimensions of approximately 6.3 ft (1.93 m) x 1.875 ft (.57 m) x 3.8 ft (1.16 m) and weighs 
approximately 160 lbs empty and 2000 lbs filled.  Each module has eleven connecting lugs, five 
on one end and six on the opposite end.  The four upper lugs on every module contain an 
independent corrosion resistant wire rope.  A 1.125 inch (28.6 mm) diameter steel t-pin drops 
through the 1.5 inch (38 mm) diameter holes in the lugs linking the sections together. 
At the front of the end treatment, pinned directly to module #1 is the Containment Impact Sled 
(CIS).  The CIS is made of all steel construction with a flat bottom, a curved sheet metal nose, 
and support frames made of structural rectangular steel tubes.  The CIS is designed to attach to 
either the five or six knuckle ends of module #1.  The CIS has a curved impact face to fit over 
the curved knuckle contour of module #1.  The vertical t-pin connects the CIS to module #1 
through the series of vertical knuckles and the internal molded-in cables.  Module #1 is designed 
to be an empty module.  To prevent module #1 from being filled, six holes are designed into the 
lower edge of the side walls.  Modules 2, 3, and 4 are filled entirely and weigh approximately 
2000lbs (907 kg) each when filled.  
 
When the Sentry SLED End Treatment is used to shield an end of an array of Sentry Water 
Cable Barriers, one CIS, and one module #1 is attached.  For TL-3 applications, the SLED End 
Treatment is attached to a minimum of ten (unlimited maximum number) Sentry Water Cable 
Barriers.  
 
For shielding all permanent and portable barriers, an adjustable steel transition has been 
designed.  This transition securely attaches the rear of the Sentry SLED End Treatment to the 
shielded object.  The transition is designed to accommodate assorted safety barrier shapes and 
sizes by using hinged outboard transition panels.  The transition panels are made of 0.188 inch  
(4.8 mm) thick steel, which when attached to the barrier, conforms to the contour of the barrier.  
The combination of hinging, and contouring, allow the panels allows the SLED End Treatment 
to be attached to narrow and wide and profile shapes with either converging, or diverging angles, 
up to 10 degrees.  For testing, the contoured hinged panels were anchored to the barriers using a 
minimum of eight 1 inch diameter anchor bolts with expansion sleeves, minimum four per side.   
 
Crash Testing 
A non-redirective gating crash cushion requires the following tests be conducted: 
3-40, 3-41, 3-42, 3-43, and 3-44.  The following full-scale tests were conducted on the SLED: 
 
Tests for Shielding Sentry Water Cable Barrier 
 NCHRP-350  Test Vehicle        Impact       Impact    Occ. Imp Ridedown 
Test Number  Weight (kg)     Speed (kph)     Condition      Velocity (m/s)  Acceleration (G)  
   3-40       820              99.6      ¼ offset              10.6                  15.7 
   3-41       2000              102            0⁰                  11.1         11.0    
   3-43      2000            102.4                  15⁰                 8.0        4.8 
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Tests for Shielding F-Shape CMB Unpinned and Permanently Anchored 
 NCHRP-350  Test Vehicle        Impact       Impact    Occ. Imp Ridedown 
Test Number  Weight (kg)     Speed (kph)   Angle Degree  Velocity (m/s)  Acceleration (G)  
   3-41 Free Standing    2000              101.5            0⁰                  9.2                 9.6 
   3-41 Anchored    2000              99.1            0⁰                  9.7         12.3     
   3-44 Anchored    2000            103.1                 20⁰                 9.8        10.6 
   3-44M Anchored            2000                         96.2                   15°              8.4      15.6 
 
You requested waivers of the following tests: 
 
Test 3-40 -Shielding permanent and portable concrete barriers. 
Test 3-42 -Shielding Sentry Water Cable Barrier and permanent and portable concrete barriers.  
Test 3-43- Shielding permanent and portable concrete barriers.  
Test 3-44 -Shielding Sentry Water Cable Barrier. 
 
You detailed your reasoning behind the waiver requests as follows: 
 
Test 3-40 Shielding Permanent and Portable Concrete Barriers 
The Sentry SLED End Treatment shielding Sentry Water Cable Barrier recorded an OIV of 10.6 
m/s and a ridedown acceleration of 15.7 g’s.  These values are below accepted levels, and were 
recorded prior to movement of the fourth Sentry module.  You expect little or no change in 
performance with the SLED End Treatment attached to a fixed object.  
 
Tests 3-42 Shielding Sentry Water Cable Barrier and Permanent and Portable Concrete Barriers 
You expect the impacting car to push the sled and first empty module aside, allowing the end 
treatment to act as a gating device, similar to the 3-43 test performed.  Just as the 3-43 test had 
lower measured values than the 3-41 test, we would expect the 3-42 test would have lower 
values than the 3-40 test.   
 
Test 3-43 Shielding Permanent and Portable Concrete Barriers 
As tested, shielding the Sentry Water Cable Barrier, the trajectory of the impacting vehicle 
carried past the angled barrier and remained upright during and after the collision with only 
moderate, roll pitch, and yaw.  It would be expected that the impacting vehicle would have 
similar test results regardless of the type of barrier that is being shielded.   
 
Test 3-44 Shielding Sentry Water Cable Barriers  
The SLED End Treatment was tested twice in the most severe condition, attached to rigid 
anchored F-shape safety concrete barrier, in test 3-44 and 3-44M parameters.  In these tests, all 
specified evaluation criteria (C,D,F,K, and N) were met.  In addition, evaluation criteria H and I 
(OIV and Ridedown) were well below the maximum accepted values.  Based on the 3-11 
performance of Sentry Water Cable Barriers, and the products ability to deflect, you expect equal 
or better performance for evaluation criteria C,D,F,K and N with the SLED End Treatment 
attached to Sentry Water Cable Barriers.   
 
All physical crash test summaries are included as enclosures to this correspondence. 
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Findings 
Because the SLED is a non-redirecting, gating cash cushion, it should be applied to hazards that 
are not likely to be impacted at an angle on the side at any significant velocity.  We note also that 
proper antifreezing agents must be used as filler when the SLED and Sentry products are used in 
areas where low temperatures can be anticipated.  All users of this device should be made aware 
of the factors that contribute to its proper performance. 
 
Therefore, the system described in the requests above and detailed in the enclosed drawings is 
acceptable for use on the NHS under the range of conditions tested, when such use is acceptable 
to a highway agency. 

Please note the following standard provisions that apply to FHWA letters of acceptance: 

• This acceptance is limited to the crashworthiness characteristics of the systems and does not 
cover their structural features, nor conformity with the Manual on Uniform Traffic Control 
Devices.  

• Any changes that may adversely influence the crashworthiness of the system will require a 
new acceptance letter.  

• Should the FHWA discover that the qualification testing was flawed, that in-service 
performance reveals unacceptable safety problems, or that the system being marketed is 
significantly different from the version that was crash tested, we reserve the right to modify 
or revoke our acceptance.  

• You will be expected to supply potential users with sufficient information on design and 
installation requirements to ensure proper performance.  

• You will be expected to certify to potential users that the hardware furnished has essentially 
the same chemistry, mechanical properties, and geometry as that submitted for acceptance, 
and that it will meet the crashworthiness requirements of the FHWA and NCHRP Report 
350. 

• To prevent misunderstanding by others, this letter of acceptance is designated as number  
CC-114 and shall not be reproduced except in full.  This letter and the test documentation 
upon which it is based are public information.  All such letters and documentation may be 
reviewed at our office upon request.  

• The Sentry and SLED are patented products and considered proprietary.  If proprietary 
devices are specified by a highway agency for use on Federal-aid projects, except exempt, 
non-NHS projects, (a) they must be supplied through competitive bidding with equally 
suitable unpatented items; (b) the highway agency must certify that they are essential for 
synchronization with the existing highway facilities or that no equally suitable alternative 
exists; or (c) they must be used for research or for a distinctive type of construction on 
relatively short sections of road for experimental purposes.  Our regulations concerning 
proprietary products are contained in Title 23, Code of Federal Regulations, Section 635.411. 

• This acceptance letter shall not be construed as authorization or consent by the FHWA to use, 
manufacture, or sell any patented system for which the applicant is not the patent holder.   
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The acceptance letter is limited to the crashworthiness characteristics of the candidate 
system, and the FHWA is neither prepared nor required to become involved in issues 
concerning patent law.  Patent issues, if any, are to be resolved by the applicant.  

Sincerely, 
 
 
 
 
Michael S. Griffith  
Director, Office of Safety Technologies  
Office of Safety  
 

Enclosures  
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05-0R5104 
05-Mon, SCr-1, 9, 68, 218-Various 
Project ID 0500000363 
 
 

WATER SOURCE INFORMATION: 
 
Monterey Peninsula Water Management District 
Gabby Ayala 

Address: 5 Harris Court, Building G, Monterey, CA 93940 

Mail: P.O. Box 85, Monterey, CA 93942-0085 

Tel (831) 658-5601 

Fax (831) 644-9558 

e-mail: Gabby@mpwmd.net 

Website: www.montereywaterinfo.org 

 

 

San Lorenzo Valley Water District 
Rick Rogers, Director of Operations 

Address: 13060 Highway 9, Boulder Creek, CA 95006 

Tel (831) 430-4624 

Fax (831) 338-8002 

e-mail: rrogers@slvwd.com 

 

 

Soquel Creek Water District 
Christine Mead, Operations and Maintenance Manager 

Address: 5180 Soquel Drive, Soquel, CA 95073 

Tel (831) 475-8501 ext 129 office 

      (831)359-1386 cell 

e-mail: christinem@soquelcreekwater.org 
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