COLORADO DEPARTMENT OF TRANSPORTATION APL Reference No.

PRE-APPROVED PRODUCT EVALUATION REQUEST & SUMMARY | 2810-19

Product Evaluation Coordinator Material code:
Colorado Department of Transportation 614.07.02.00
4670 North Holly Street, Unit A Material code description full name:
Denver, Colorado 80216 Impact Attenuator
PART 1
Product name: Product category:
SCI Smart Cushion SCI70GM Roadway Sfty\Crash Cushion\Impact Atten, Low Mnt. Perm
Product Representative (name & address): Manufacturer (name & address):
Attn: Jeffery Smith Attn: Jeffery Smith
Work Area Protection Work Area Protection
2500 Production Drive 2500 Production Drive
St. Charles, IL 60174 St. Charles, IL 60174
Phone: (630) 330-8063 E-mail: jsmith@workareaprotection.com Phone: (630) 330-8063 E-mail: workarea@workareaprotection.com
-si : . Web-si : .
Web-site address: .\ workareaprotection.com eb-site address: yyw workareaprotection.com

Description of the product: (Include specific quantifiable details from tech data sheet. Advertising generalities are not appropriate.)
The SCI Smart Cushion SCI70GM is a test level 2 (TL2) fully redirective, bi-directional, low-maintenance impact attenuator. It is a speed dependent system
using a hydraulic cylinder with cable apparatus to absorb the energy of the vehicle. This exact attenuator has been used in Colorado under NCHRP 350
standards for many years. The NCHRP 350 model ran the pickup capacity test #2-31at a certified independent test facility with no changes to the current
model. This was the critical test to prove the stopping ability of the heavier MASH vehicle. The SCI70GM would withstand MASH Test Level 3 (TL3) side
impacts as it uses the same structure as the TL3 unit. Because of the variable force nature of our design, the other frontal impacts will easily pass and are not
necessary. We are including a document to describe our testing justification with this submittal.

Restrictions, (installation and/or use):
Transition panels are required for reverse direction traffic and hazards wider than 24".

Use of the product, (be specific to CDOT highway activities only):
Use to protect hazards such as bridge piers, concrete barrier and guardrail ends.

Benefits to CDOT, (how will your product enhance quality, improve safety, save money, be a better value then other manufacturer’'s products):

This system was used in Colorado to replace other attenuators because of the significant benefits both cost and safety. It was put in locations where frequent side impacts were
experienced because the Smart Cushion has no damage on design criteria side impacts.

Specifications: (listing those applicable is required)

[O] CDOT : standard 614

[0 AST™M

[ AASHTO: MASH

O FHWA

O other

[l Certificate of Compliance (COC) provided ||E| Certificate of Verification (COV) provided for select categories ONLY

Product Testing: (National/independent laboratories or universities with Report Date.) Certified Test Report (CTR) provided to validate all claims.

[ NTPEP-AASHTO: MASH TL2 Test #2-31 Report
O FHWA

O other

O other

] other

State DOT Approvals, (current documentation required): | Expiration Date 3 Years / 01-28-2023

Sample submitted: 1 yes [ no O n/a | Safety Data Sheets (SDS): [ yes [ no [ n/a

Alternate Product Category: Roadway Safety\Crash Cushion\Impact Attenuator, Std/Low Maintenance Permanent and Temporary Applications
Additional Comments:

Page 1 of 2 CDOT Form #595 2/16



PART 2

Form #595 (date entered): Form #595 (date to evaluator): APL Reference Number:
01/04/2019 01/04/2019 2810-19

Product Evaluation Coordinator’s review:

E PART 1 - Completed and changes being reviewed by Product Representative.

[ standard Product - Forwarded to the appropriate CDOT Expert Product Evaluator (EPE) / Subject Matter Expert (SME).
O Experimental Feature - Forwarded to Research Director.

@ Returned from the appropriate CDOT EPE/SME or Research Director.

18] Accepted - Product acceptable for pre-approval and meets CDOT’s Specifications.

O Rejected - Product unacceptable for pre-approval or contrary to CDOT specifications.

PART 3

The CDOT Expert Product Evaluator is to complete this portion. Attach references and/or additional sheets as necessary.
Do not perform any work until product is accepted for evaluation in PART 2, and a product reference number is assigned.

Evaluation methods and procedures. (EPE/SME should document intended evaluation procedure.)
Evaluation methods per: MASH 2016 crash testing criteria; CDOT Standard Specification 606; CDOT M-Standard 606-1.

Findings and recommendations. (EPE/SME should write the exact specification(s) that the product complies with. Document the evaluation performed and
the recommendation toward APL approval. Conclude with your signature, title and date):

'he SCI 70 crash cushion has been successfully crash tested to the TL-2 rating (modified from TL-3 configuration) according to MASH 2016 test requirements.
Siven successful crash testing and conformance to CDOT Standard Specifications, this product meets basic requirements for acceptable inclusion on CDOT
\PL for standard temporary and permanent roadside application. Joshua J. Palmer PE, Guardrail Engineer 1/28/19.

Digitally signed by Joshua J.

Joshua J. Palmer raimer

Date: 2019.01.28 10:23:35 -07'00'

Per PEC: comments and/or post-approval requirements (if applicable):

:(Expiration Date (YYYY-MM-DD 2023-01-28 |
PART 4

O Acceptable for use. Add to the Approved Products List (APL).
[The evaluation and acceptance of this product is intended for CDOT use. DO NOT USE for Advertising.]

[0 Rejected for use. Reason for rejection:

CDOT Materials Engineer, Printed Name CDOT Materials Engineer Signature Date
Craig Wieden PE llI

Page 2 of 2 CDOT Form #595  2/16
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Work Area Protection
A Hill & Smith, Inc. Company
2500 Production Drive e St. Charles, IL  60174-9081
PHONE 1-800-327-4417 o 1-630-377-9100 e FAX 1-630-377-9270

12-18-18

To: Colorado Department of Transportation

Work Area Protection warrants that SCI Smart Cushion Test Level 2 Impact Attenuator
SCI70GM is manufactured in compliance with the attenuator design and drawings used in
NCHRP 350 and MASH crash testing. It is identical to the product tested by Karco
Engineering, Inc. from their Report Package TR-P38187-01-A. There are no FHWA
letters concerning this product because they do not issue Eligibility letters unless all tests
are performed. This modification of the TL3 product does not require all tests be
performed.

SmW

Jeffery Smith
Vice President

Work Area Protection
800-327-4417

OFFICIAL SEAL
BARBARA RAY
Notary Public, State of lilinois ”"a/

My Commission Expires 3/9/19 | (2 ]\ i{l 1Y

www.workareaprotection.com email: workarea@workareaprotection.com
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Department of Transportation
Bureau of Construction & Materials

LIST OF PREQUALIFIED IMPACT ATTENUATORS
[2015 — SS 1726] (2007 — SS 1726)

Kansas PQL - 13.5

REVISED - 02/23/18

NCHRP 350
INTS%I'I\AEE)E'?%KIS PERMANENT INSTALLATIONS
(TL-2)} (TL-3)? (SEVERE DUTY)
Absorb 350
ACZ-350
QuadGuard QuadGuard QuadGuard
QuadGuard Il QuadGuard Il QuadGuard Il
SCI SCI SCI SCI
Tau-| Tau-| Tau-Il
MASH
INTSE'I\IQ\II:_)(L)E'SCR)LS PERMANENT INSTALLATIONS
(TL-2)! (TL-3)? (SEVERE DUTY)
SCI SCI SCI SCI

1TL-2 is for speeds less than or equal to 45 mph
2TL-3 is for speeds greater than 45 mph

Note:

Absorb 350 and Tau-Il manufactured by Barrier Systems, Inc./Lindsay Transportation

Solutions Inc. 1-707-374-6800, Riovista CA

ACZ-350, QuadGuard and QuadGuard Il manufactured by Energy Absorption Systems, Inc.,
Chicago IL, 312-467-6750SCI manufactured by Work Area Protection Corp., St. Charles IL,

630-377-9100

Note:

Proprietary roadside safety hardware listed on KDOT’s Pre-Qualified list of Materials indicates
the hardware is eligible for use on KDOT projects. Eligibility for use on KDOT projects does
not establish certification of crashworthiness, approval, or endorsement of the hardware for
any particular purpose or use.

PQL — 13.5

Revised 02/23/18
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Utah SCI MASH Listing

Type D: SYSTEMS OF THIS TYPE HAVE BEEN CLASSIFIED FHWA AND THE AASHTO ROADSIDE DESIGN
GUIDE AS LOW MAINTENANCE AND/OR SELF-RESTORING CRASH CUSHIONS.

PRIMARILY TO PROTECT FIXED HAZARDS, WITH LIMITED RECOVERY AREA, AND HAVE A HIGH
PROBABILITY OF IMPACT. HIGHLY RECOMMENDED FOR USE IN GORE AREAS, MAJOR HIGHWAY
SPLITS OR IN MEDIAN BARRIER APPLICATION.
THESE SYSTEMS CAN BE USED ON LIMITED BASIS IN A SHOULDER APPLICATION FOR THE
PROTECTION OF BARRIER ENDS WHEN THE RECOVERY AREA OR THE APPROACH AREA FOR AN
APPROVED END TREATMENT CANNOT BE PROVIDED OR CONDTIONS LISTED BELOW HAVE BEEN
MET. DO NOT REDUCE LENGTH OF NEED REQUIREMENTS WHEN THERE IS ROADSIDE RECOVER
AREA AVAILABLE. REFER TO STANDARD DRAWINGS CC SERIES.

THE FOLLOWING SHOULD BE ANALYZED PRIOR TO SPECIFYING A SYSTEM OF THIS TYPE:

A POSTED OR 85™ PERCENTILE SPEED GREATER THAN 45 MPH

DESIGN YEAR AADT GREATER THAN 25,000 AND SYSTEM IS PLACE 12 FEET OR LESS MEASURED
FROM EDGE OF TRAVEL LANE TO TRAFFIC SIDE OF SYSTEM.

NEW CONSTRUCTION OR ROADWAY MODIFICATIONS, WHERE THE DESIGN SPEED IS GREATER
THAN 45 MPH AND A SIMILAR SITE GEOMETRY OR CONDITIONS MAY PRODUCE
VEHICLE/CRASH CUSHION IMPACTS AS STATED IN LINE 4.

A DOCUMENTED HISTORY OF VEHICLE/CRASH CUSHION IMPACTS, TWO OR MORE IMPACTS

1.
2.

3.

4.

OVER A 36 MONTH PERIOD.

DEVIATION FROM THESE CONDITIONS MUST BE APPROVED BY CENTRAL TRAFFIC & SAFETY

DESIGNERS WILL DESIGNATE H

AZARD WIDTH ON PLAN SET

NCHRP MASH
System Name Manufacturer Test Level Test Level Comments
FHWA Approval FHWA Approval
This system is a low maintenance and has self-restoring

qualities after a designed frontal impact. It is included in
this type due to the low cost associated with repairs after a

TL-3 design impact. Refer to FHWA approval letter CC-112A.

. TL-2 . . . - -
QuadGuard Elite M10 - Standard size is 24 inches. Requires additional transition
(TL-3) Trinity EAHWA CC-112A panels to obtain widths greater than 24 inches. Transition
ay 7, 2012 - - ;

CC -series \_N|II be considered as pal_'t of _the system and Wlll_be
included as part of the bid price. The standard width of
24inches can protect narrower hazards than the 24 inch
standard when positioned correctly in front of hazard.
This system does not have self-restoring capabilities after
a designed frontal impact. It is included in this type due to

TL-3 the low cost associated with repairs after a design impact.

TL-3 TL-2 Refer to FHWA approval letter CC-85B and CC-128.

FHWA

SCI100GM (TL-3) ‘F’,"‘“k Area Sept 12, 2003 FHWACC-128 ¥ o1 ndard size is 27 inches. Requires additional transition
rotection . Aug 16, 2016 o X L

CC- series CC —series pa}nels to obFaln widths greater than 27 |nches.. Transition
will be considered as part of the system and will be
included as part of the bid price. The standard width of 27
inches can protect narrower hazards than the 27 inch
standard when positioned correctly in front of hazard..

1/1/2017
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Louisiana

Approved Materials List —,D—IQ_!_Q

LOUISIANA DEPARTMENT OF
TRANSPORTATION & DEVELOPMENT

Product Category : Impact Attenuator (Low Maintenance)

MATERIAL : 0713M00060 Impact Attenuator - Low Maintenance

APS00005290 — Energy Absorption Systems - Chicago, IL
70 W. Madison, Suite 2350
Chicago, IL 60620
Product Approved On Remarks

Phone : 312-467-6750 Ext. #:
Fax :
Contact : Paul Barber

Quadguard Elite, NCHRP 350 TL-2 or TL-3 1-12-2018 Redirective Non-Gating, Requires Paved Pad, 24" to 90" backup width

APS00005170 — Work Area Protection Corporation - St. Charles, IL
2500 Production Drive
St. Charles, IL 60714

Additional Info : Alternate Contact (Attenuators): Jeff Smith, 630-377-9100

Phone : 800-327-4417 Ext. #:
Fax : 630-377-9100

Contact : Charles Frick
(workarea@workareaprotection.com)

Product Approved On Remarks
SCI Smart Cushion, NCHRP 350 or MASH 1-12-2018 TL-2 or TL-3; Redirective Non-Gatng, Requires Paved Pad, 24" to 120"
backup width

Page 1 of 1 on 10/1/2018 7:16:58 AM
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COMMONWEALTH of VIRGINIA

DEPARTMENT OF TRANSPORTATION
1401 EAST BROAD STREET
RICHMOND. VIRGINIA 23219 2000

Stephen Brich
Comnussioner December 1 8, 2018

Jeffery D. Smith

V.P. Specialty Products
Work Area Protection
2500 Production Drive
St. Charles, [L 60174

Mr. Smith,

This office has reviewed the SCI-100GM submittal package as well as the documentation
on the SCI-70GM TL-2 MASH testing. The SCI-100GM has met the requirements of
MASH TL-3 per FHWA letter HSST-CC-128 dated August 16, 2016, This office finds
the SCI-100GM and the SCI-70GM acceptable for use within the Commonwealth of
Virginia as re-directive impact attenuators. The devices will be added to the VDOT
“provisionally” approved MASH products list.

Any modifications to the approved design must be reviewed and approved by VDOT
prior to use within the Commonwealth of Virginia.

The Virginia Department of Transportation reserves the right to modify or revoke the
acceptance if in-service performance reveals unacceptable safety issues.

Copies of this correspondence can be provided as verification of its acceptability for
impact attenuator installations within the Commonwealth of Virginia. If I can be of
further assistance, please feel free to contact me.

Sincerely,

Dud, W=

Charles W, Patterson, P.E.
Standards Section Manager

Location and Design Division
(804) 786-1805

VirginiaDOT.org
WE KEEP VIRGINIA MOVING












SCI70GM/Real Time Left Side.wmv





SCI70GM/Real Time Panning .wmv





SCI70GM/SCI 2-31 Front End Overhead Camera View - 04.wmv





SCI70GM/SCI 2-31 Full Overhead Camera View - 05.wmv





SCI70GM/SCI 2-31 Rear Camera View - 03.wmv





SCI70GM/SCI 2-31 Rear Oblique Camera View - 06.wmv





SCI70GM/SCI 2-31 Side Camera View - 02.wmv





SCI70GM/SCI 2-31 Side Camera View-01.wmv





SCI70GM/SCI 70 Comp video 082518.wmv
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INDUSTRIAL OILS UNLIMITED Print Date: 10/12/10
P O BOX 3066

TULSA, OK 74101

918-583-1155

MATERIAL SAFETY DATA SHEET

PRODUCT TRADE NAME: Syncomp 32, 46, 68, 100, 150

REVISION DATE: 12/15/03

TRANSPORTATION: EMERGENCY PHONE NUMBER (CHEMTREC): (800) 424-9300
CHEMICAL NAME: Petroleum Product Additive

NFPA CODE: Health: 0 Fire: 1 Reactivity: 0

HMIS SYSTEM: Health: 0 Flammability: 1 Reactivity: 0

SECTION 1 HAZARDOUS INGREDIENTS

The composition of this mixture may be proprietary information. In the event of a medical emergency, compositional
information will be provided to a physician or nurse.

This product is not hazardous as defined in 29CFR1910.1200.

SECTION 2 FIRE AND EXPLOSION HAZARDS

FLASH POINT, °F: 385°F - 455°F

UPPER FLAMMABLE LIMIT: Not Available

LOWER FLAMMABLE LIMIT: Not Available

EXTINGUISHING MEDIA: Foam, dry chemical, or water spray

SPECIAL FIREFIGHTING PROCEDURES: Use water spray to cool fire exposed surfaces and to protect personnel.
Respiratory and eye protection required for fire fighting personnel.

UNUSUAL FIRE & EXPLOSION HAZARDS: Empty containers retain product residue (liquid and/or vapor) and can be
dangerous. DO NOT PRESSURIZE, CUT, WELD, BRAZE, SOLDER,
DRILL, GRIND, OR EXPOSE SUCH CONTAINERS TO HEAT, FLAME,
SPARKS, STATIC ELECTRICITY, OR OTHER SOURCES OF IGNITION;
THEY MAY EXPLODE AND CAUSE INJURY OR DEATH. Empty drums
should be completely drained, properly bunged and promptly returned to a
drum reconditioner, or properly disposed of. .

SECTION 3 HEALTH HAZARD DATA

ORAL TOXICITY: Minimal toxicity.

EYE IRRITATION: Slightly irritating but does not injure the eye tissue.

SKIN IRRITATION: Low order of toxicity.

OTHER: Inhalation is negligible hazard at ambient temperature (-18 to 38 °C, 0 to 100 °F). Avoid breathing
Vapors or mists.

TLV: 5mg/m’ for synthetic lubricants.

EMERGENCY FIRST AID PROCEDURE

SKIN: Flush with large amounts of water; use soap if available. Remove grossly contaminated clothing, including
shoes, and launder before reuse.

EYE: Flush eyes with large amounts of water until irritation subsides. If irritation persists, get medical attention.

INHALATION: Using proper respiratory protection, immediately remove the affected victim from exposure. Administer
artificial respiration if breathing is stopped. Keep at rest. Call for prompt medical attention.

ORAL: First aid is normally not required.

ADDITIONAL: N/A

SECTION4  SPECIAL PROTECTION INFORMATION

VENTILATION PROCEDURE: The use of local exhaust ventilation is recommended to control process emissions near
the source. laboratory samples should be stored and handled in a lab hood. Provide
mechanical ventilation of confined spaces.






PRODUCT TRADE NAME: Syncomp 32, 46, 68, 100, 150 PAGE 2

SECTION 4 _ SPECIAL PROTECTION INFORMATION (Con’t)

GLOVE PROTECTION: Chemical resistant gloves.
EYE PROTECTION: For open systems where contact is likely, wear safety glasses with side shields.
OTHER PROTECTION: Long sleeves. NIOSH/MSHA approved respirators may be necessary to prevent

overexposure by inhalation where concentrations in air may exceed the limits given and
work practice or other means of exposure reduction are not adequate.

SECTION 5 PHYSICAL DATA

VAPOR PRESSURE: Negligible at Ambient VAPOR DENSITY: N/A
SPECIFIC GRAVITY: @ 60 °F = 0.93 - .96 Typical EVAPORATION RATE:  Negligible
WATER SOLUBILITY: Negligible ODOR: N/A
PERCENT VOLATILE: N/A APPEARANCE: N/A

SECTION 6 _ STABILITY

STABILITY: Stable
INCOMPATIBILITY: Strong oxidizing agents
POLYMERIZATION: Will not occur

THERMAL DECOMPOSITION: N/A

SECTION 7 _ SPILL OR LEAK PROCEDURES

SPILL PROCEDURES:

Land Spill: Eliminate sources of ignition. Prevent additional discharge of material, if possible to do so without hazard. For

small spills, implement cleanup procedures; for large spills, implement cleanup procedures and, if in public area, keep public

away and advise authorities. Also, if this product is subject to CERCLA reporting (see Section 10) notify the National Response

Center.

Prevent liquid from entering sewers, watercourses, or low areas. Contain spilled liquid with sand or earth. Recover by pumping

or with a suitable absorbent. :

‘Water Spili: Remove from surface by skimming or with suitable absorbents. If allowed by local authorities and environmental

agencies, sinking and/or suitable dispersants may be used in non-confined waters.

WASTE DISPOSAL: Consult an expert on disposal of recovered material and ensure conformity to local disposal
regulations.

SECTION 8  SPECIAL PRECAUTIONS

SPECIAL PRECAUTIONS: N/A

SECTION 9 TRANSPORTATION AND LABELING

DOT PROPER SHIPPING NAME:  Not available
DOT HAZARD CLASS: Non regulated

SECTION 10 OTHER REGULATORY INFORMATION

SARA SEC 313 SUPPLIER NOTIFICATION

THIS PRODUCT CONTAINS THE FOLLOWING TOXIC CHEMICALS SUBJECT TO THE REPORTING
REQUIREMENTS OF SECTION 313 OF THE EMERGENCY PLANNING AND COMMUNITY RIGHT-TO-KNOW ACT

OF 1986 AND OF 40CFR372:

CAS# CHEMICAL NAME % WEIGHT

If this product is accidentally spilled, it is not subject to any special reporting under the requirement of the Comprehensive
Environmental Response, Compensation and Liability Act. We recommend you contact local authorities to determine if there
may be other local reporting requirements.

THIS INFORMATION MUST BE INCLUDED IN ALL MSDS's THAT ARE COPIED AND DISTRIBUTED FOR THIS
MATERIAL.

The information presented herein has been compiled from sources considered to be dependable and is accurate to the best of Oils Unlimited's
knowledge; however, Oils Unlimited makes no warranty whatsoever, expressed or implied, of merchantability or fitness for the particular purpose,
regarding the accuracy of such data or the results to be obtained from the use thereof. Oils Unlimited assumes no responsibility for injury to
recipient or to third persons or for any damage to any property and recipient assumes all such risks.

Syncomp.Msds.wpd






Arplus®
Test Report For: |D|ADA
Hill & Smith KARCO

Work Area Protection
SCI 70 GM crash cushion

TESTED TO:
Manual for Assessing Safety Hardware (MASH 2016)

Test 2-31

PREPARED FOR:

Hill & Smith
Work Area Protection
2500 Production Drive

St. Charles, IL 60174

TEST REPORT NUMBER:

TR-P38187-01-A

REPORT DATE:
September 24, 2018

TEST DATE:
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1. Introduction

1.1 Problem Statement

The purpose of this report is to detail the safety performance of the Work Area Protection
SCI 70 GM crash cushion when evaluated to the criteria set forth by Manual for Assessing Safety
Hardware (MASH 2016).
1.2 Objective

The primary objective of this project was to evaluate the safety performance of the SCI 70
GM when subjected to full-scale crash testing according to MASH 2016 Test Level 2, Test 31 (2-31)
for redirective terminals and crash cushions.
1.3 Scope

This project consists of full-scale dynamic crash testing of the SCI 70 GM crash cushion.
The system was subject to MASH 2016 Test 2-31. Test 2-31 was conducted with a 2270P test
vehicle impacting the system at a nominal angle of 0° with the centerline of the vehicle aligned

with the centerline of the crash cushion.
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2. System Details

2.1 Test Article

The Work Area Protection SCI 70 GM impact attenuator is a non-gating, redirective crash
cushion. The SCI 70 GM consists of a base structure, sled, supporting frame structures, side
panels, guide rail system, wire rope cable, sheaves, and a shock arresting hydraulic cylinder. The
entire unit is comprised of four (4) sections which are designed to collapse over each other upon
a head on impact. The SCI 70 GM has an overall width of 34.6 in. (879 mm), an overall length of
13.7 ft (4.2 m), and an overall height of 33.5 in. (851 mm).

The steel base structure is 13.7 ft. (4.2 m) long by 23 in. (684 mm) wide by 0.5 in. (13 mm)
thick. The sled is located above the base structure at the front end of the crash cushion. The sled
is composed of a steel frame, which measures 26.5 in. (673 mm) long by 27.8 in. (705 mm) wide
by 21.3 in. (540 mm) tall. Behind the sled are four (4) rectangular support frames composed of
2.5” x 0.1875” square steel tubes. Each support frame is 25.0 in. (635 mm) wide and 25.5 in. (648
mm) tall. Each side of the crash cushion has four (4) 0.14 in. (3.6 mm) thick side panels. The sled
and support frames rest on two guide rails. The guide rails are 4.5 in. (114 mm) tall and 0.5 in.
(13 mm) thick.

The SCI 70 GM was anchored to the foundation with thirty-four (34) threaded studs and
nuts. Each threaded stud was 7.0 in. (178 mm) long with a diameter of 0.75 in. (18 mm). The
threaded studs were embedded in the concrete to a depth of 5.5 in. (140 mm). The studs were
set in the foundation with epoxy. The as-tested epoxy applied was Red Head A7 Epcon Acrylic
Adhesive. The anchor nuts were tightened to a torque of 125 ft-lbs (169 N-m).

The SCI 70 GM is designed to be anchored on an asphalt or concrete foundation. For this
test, the SCI 70 GM was anchored to a 26.0 ft. (7.9 m) long by 10.0 ft. (3.0 m) wide by 8.0 in. (203
mm) thick non-reinforced concrete foundation.

Photographs of the as-tested unit and installation are available in Appendix A of this report.
The manufacturer's drawings are available in Appendix D. A complete set of manufacturer
drawings are available in KARCO CD-R 2018-4937.
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3. Test Requirements and Evaluation Criteria

3.1 Test Requirements
The SCI 70 GM described in this report was classified as a non-gating, redirective crash
cushion. MASH 2016 recommends a series of up to nine (9) full scale crash tests to evaluate

redirective crash cushions. This test report presents the results of MASH Test No. 2-31.

Table 1 MASH 2016 TL-3 Test Matrix for Non-Gating, Redirective Terminals and Crash Cushions

Test Designation Impact Conditions
Nominal | Nominal | Evaluation
MASH Test No. Vehicle | Speed Angle Criteria
(mph) (deg)
2-30 1100C 44 0 A, D, F,HI
2-31 2270P 44 0 A, D, F,HI
2-32 1100C 44 5-15 A, D, F,HI
Test

Level 2 2-33 2270P 44 5-15 A, D, F,HI
2-34 1100C 44 15 A, D, F,H,I
2-35 2270P 44 25 A, D, F,HI
2-36 2270P 44 25 A, D, F,HI

2-37a 2270P
537 1100C 44 25 A, D, F,H,I
2-38 1500A 44 0 A, D, F,HI

3.2 Evaluation Criteria

Evaluation criteria for full-scale vehicle crash testing of non-gating, redirective crash cushions
are based on two criteria: (1) Structural Adequacy and (2) Occupant Risk. The criterion for structural
adequacy evaluates the article’s ability to contain and redirect the vehicle or being the vehicle to a
controlled stop. The criterion for occupant risk evaluates the degree of hazard to occupants in the
impacting vehicle. Post-Impact Head Deceleration (PHD), Theoretical Head Impact Velocity (THIV),
and Acceleration Severity Index (ASI) occupant risk values are calculated as a part of the evaluation

of the Occupant Risk criteria.
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Table 2 MASH 2016 Evaluation Criteria for Non-Gating Terminals and Redirective Crash Cushions

Evaluation Evaluation Criteria
Factors

Test article should contain and redirect the vehicle or being the vehicle to a

Structural controlled stop; the vehicle should not penetrate, underride, or override the

Adequacy installation although controlled lateral deflection of the test article is
acceptable.
Detached elements, fragments, or other debris from the test article should
not penetrate or show potential for penetrating the occupant compartment or
present undue hazard to other traffic, pedestrian, or personnel in a work
zone.
Deformations of, or intrusions into, the occupant compartment should not
exceed limits set forth in Section 5.2.2 and appendix E of MASH 2016.
The vehicle should remain upright during and after collision. The maximum
roll and pitch angles are not to exceed 75 degrees
Occupant impact velocities (OIV) should satisfy the following

Occupant

Risk Occupant Impact Velocity Limits, ft/s (m/s)

Component Preferred Maximum
Longitudinal and 30 ft/s 40 ft/s
Lateral (9.1 m/s) (12.2 m/s)

The occupant ridedown acceleration should satisfy the following limits

Occupant Ridedown Acceleration Limits (G)

Component Preferred Maximum
Longitudinal and
Lateral 15.0¢g 20494
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4. Test Conditions

4.1 Test Facility

This test series was conducted at Applus IDIADA KARCO Engineering’s test facility in
Adelanto, California.
4.2 Vehicle Tow and Guidance System

The tow road is a continuous level surface constructed of reinforced concrete and
measures 850.0 ft. (259.1 m) in length, 14.0 ft. (4.3 m) wide, and 6.0 in. (152 mm) thick. A steel
rail is embedded in the road to provide vehicle guidance. Vehicle tow propulsion is provided by a
1 ton truck using a 1-to-2 pulley system. The test vehicle is towed into the test article by a nylon
rope clamped to a 0.375 in. (10 mm) steel cable. The clamp is released from the cable on contact
with a cable release mechanism positioned to allow the test vehicle to proceed under its own
momentum for a maximum of 25.0 ft. (7.6 m) before impacting the test article.
4.3 Test Vehicles

For test 2-31, an 2270P test vehicle was used. The vehicle was a 2012 RAM 1500 4-door
pickup truck with a front mounted engine, automatic transmission, and rear wheel drive. The 2270P
test vehicle had a curb and test inertial weight of 4,806.0 Ibs (2,180.0 kg) and 4,990.1 Ibs (2,263.5
kg), respectively. An Anthropomorphic Test Device (ATD) was not used for this test. The test

vehicle information can be found in Figure 1.
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Test Date......... 08/24/18 Project No......... P38187-01 Year............... 2012
Make................ RAM Model............... 1500 Color............... White
Tire Size.......... P265/70R17 Vehicle VIN.... 1C6RD6GPXCS135701
Tire Inflation...... 40 psi Odometer......... 194,786 mi
T | r = - — e r—— GVWR Rating
l‘;;‘ ;‘ . 1 Total..oooeeeiiiciien, 6.700 Ibs
|
) | L FIONt...ovooeeeeeeeeeeen) 3,700 Ibs
i | ! REAT .. e oeoeoeoee 3,900 Ibs
Engine Type............... V8
I ST Engine Size................ 4.7L
4 i ,r"_"‘ . "'ﬁ:”_ I Transmission Type....... Automatic
- - |*‘|
! (i
J— | T Y B . ,‘,__‘
° ] 1) Y |,T [ ’ 7y \: e Dummy Type.............. None
GROUN; r : g | i i l il Dummy Mass.............. N/A
i i oo Seat Position............... N/A
Previous Vehicle Damage.... Cosmetic damage
No. Inches mm No. Inches mm No. Inches mm No. Inches mm
A 79.0 2007 F 40.7 1034 K 20.6 522 P 4.4 112
B 74.8 1900 G 28.5 724 L 28.8 732 Q 30.7 780
C 230.7 5861 H 65.0 1652 M 68.1 1730 R 18.7 475
D 49.5 1257 | 12.4 315 N 67.8 1722 S 13.4 340
E 140.6 3570 J 234 594 O] 442 1122 T 79.4 2017
TEST VEHICLE MASS
As Received (Ibs) Test Inertial (Ibs) Gross Static (Ibs)
Front Rear Total Front Rear Total Front Rear Total
Left 1387.8 | 977.7 | 2365.5 | 1282.0 | 1197.1 | 2479.1 | 1282.0 | 1197.1 | 2479.1
Right 1412.0 | 1028.4 | 2440.4 | 1398.8 | 1112.2 | 2511.0 | 1398.8 | 1112.2 | 2511.0
Ratio (%) ] 58.3 41.7 100.0 53.7 46.3 100.0 53.7 46.3 100.0
Total 2799.8 | 2006.1 | 4806.0 | 2680.8 | 2309.3 | 4990.1 | 2680.8 | 2309.3 | 4990.1
As Received (kg) Test Inertial (kg) Gross Static (kg)
Front Rear Total Front Rear Total Front Rear Total
Left 629.5 | 443.5 | 1073.0 | 581.5 | 543.0 | 11245 | 581.5 | 543.0 | 11245
Right 640.5 | 466.5 | 1107.0 | 634.5 | 504.5 | 1139.0 | 634.5 | 504.5 | 1139.0
Ratio (%) ] 58.3 41.7 100.0 53.7 46.3 100.0 53.7 46.3 100.0
Total 1270.0 | 910.0 | 2180.0 | 1216.0 | 1047.5 | 2263.5 | 1216.0 | 1047.5 | 2263.5

Figure 1 Test 2-31 Vehicle Information
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4.4 Data Acquisition Systems

All data acquisition for this test of the SCI 70 GM was performed in accordance with the
MASH 2016 requirements.
4.4.1 Test Vehicle Instrumentation

The test vehicle was instrumented with one (1) tri-axial accelerometer and one (1) tri-axial
angular rate sensor. The set of accelerometers and angular rate sensors were mounted within
2.0 in. (60 mm) of the test vehicle’s center of gravity in the x-y plane. The accelerometers
measured longitudinal (x), lateral (y), and vertical (z) acceleration. The angular rate sensors

measured roll (moment x), pitch (moment y) and yaw (moment z).

Table 3 Vehicle Instrumentation List for Test 2-31

Ch. Location Axis Ident. No. Description MFR Model Units
1 Vehicle CG X A199889 Accel, Full Bridge MSI 64C g
2 Vehicle CG Y A199891 Accel, Full Bridge MSI 64C g
3 Vehicle CG 4 A201199 Accel, Full Bridge MSI 64C g

4 Vehicle CG Yaw ARS14101 Angular Rate Sensor DTS ARS-18K | Deg/s

5 Vehicle CG Pitch ARS14100 Angular Rate Sensor DTS ARS-18K | Deg/s

6 Vehicle CG Roll ARS 14099 | Angular Rate Sensor DTS ARS-18K | Deg/s

4.4.2 Calibration

All instrumentation used in this test has been calibrated through standards traceable to
NIST and is maintained in a calibrated condition.
4.4.3 Photographic Documentation

Photographic documentation of this test series included a minimum of two (2) real-time
video cameras at 30 frames per second (fps), and six (6) color digital video cameras at 1,000 fps.
All high-speed cameras were activated by a pressure-sensitive tape switch which was positioned
on the test article to indicate the instant of contact (time zero). A digital still camera was used for

documenting the pre- and post-test condition of the test article and the test vehicle.
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Table 4 High Speed Camera Information Test 2-31

View No. Location Identification No. | Manufacturer | Type
1 Driver Overall 20696 Phantom Veo 640
2 Passenger Overall 6657 Phantom V10
3 Inline Track 8187 Phantom V10
4 Overhead Close-Up 6690 Phantom V5.1
5 Overhead Overall 7959 Phantom V10
6 Oblique 8520 Phantom V10

4.4.4 Measurement Uncertainty

Measurement uncertainties have been determined for pertinent values affecting the

results of this test. KARCO maintains these uncertainty budgets, which are available upon

request, but are not included in this report. In certain cases the nature of the test method may

preclude rigorous and statistically valid calculation of uncertainty of measurement. In these cases

KARCO attempts to identify the components of uncertainty and make a reasonable estimation.

Reasonable estimation is based on knowledge of the performance of the method and on the

measurement scope and makes use of, for example, previous experience and validation data.
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5.Crash Test Results

5.1 Weather conditions

Test No. P38187-01 was conducted on August 24, 2018 at approximately 10:28 A.M.
Table 5 Weather Conditions Test 2-31

Temperature 85 °F
Humidity 16%
Wind Speed 4 mph
Wind Direction South

Information for reference only

5.2 MASH 2016 Test 2-31

As recommended in MASH 2016 a full-scale impact test was conducted to evaluate the
impact performance of the Work Area Protection SCI 70 GM crash cushion to MASH Test 2-31
on August 24, 2018. The test article was positioned at an angle of 0° to the direction of travel of
the test vehicle, with the vehicle centerline aligned with the centerline of the crash cushion. The
test was conducted using a commercially available 2012 RAM 1500 4-door pickup truck with a
test inertial mass of 4,990.1 Ibs (2,263.5 kg).

5.3 Test Description

The test vehicle impacted the system at a velocity of 44.29 mph (71.27 km/h) and an angle
of 0.4°. The vehicle’s centerline was set to impact the center of the crash cushion. The actual first
point of contact with the system was 0.4 in. (10 mm) left of the intended impact point. The test
vehicle impacted the front sled of the SCI 70 GM at time zero (0.0 ms). Upon impact, the test
vehicle forced the sled rearward and collapsed each of the four (4) sections in between the
support frames. The first two (2) sections collapsed first at 0.054 s and 0.114 s, respectively. The
fourth section collapsed next at approximately 0.174 s. The system was fully collapsed when the
third section collapsed at 0.250 s. The vehicle’s forward motion stopped approximately 0.280 s
after time zero. The vehicle then rebounded backwards until coming to rest 14.2 ft. (4.3 m)
rearward and 1.4 in. (35 mm) left of its position at the initial point of contact. A photographic
summary of the impact sequence can be found on the MASH Test Summary Data Sheet in

Section 8 and in Appendix D of this test report.
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5.4 Test Article Damage
The system sustained damage to the face plate mounted on the front sled. The impact
completely collapsed the system, deflecting the system approximately 119 in. (3.0 m). After the

test, the SCI 70 GM was reset to a usable state.

5.5 Test Vehicle Damage
The vehicle’s damage was concentrated at its front end. The front bumper and grill were
deformed at its center and both headlights detached from the vehicle as a result of the impact.

The occupant compartment was not penetrated and the deformation limits were not exceeded.

Table 6 Maximum Occupant Compartment Deformation by Location

Location Maximum Deformation | MASH Allowable Deformation

Roof 0.0in. 4.0in. (102 mm)
Windshield 0.0in. 3.0in. (76 mm)
Window 0.0 in. 0.0in

Wheel / foot well and toe pan 0.0in. 9.0 in. (229 mm)
Side front panel (forward of A-pillar 0.0 in. 12.0 in. (305 mm)
Front side door area (above seat) 0.0in. 9.0 in. (229 mm)
Front side door area (below seat 0.0in. 12.0 in. (305 mm)
Floor pan and transmission tunnel 0.0in. 12.0 in. (305 mm)

5.6 Structural Adequacy

Acceptable test article performance may be by containment and redirection, or controlled
stopping of the vehicle. The vehicle should not penetrate, underride, or override the installation.
The SCI 70 GM brought the test vehicle to a controlled stop without allowing it to penetrate,

underride, or override the installation.

5.7 Occupant Risk

Under occupant risk, the test articles are evaluated by four (4) criteria. The first criterion
evaluates the potential hazard of detached elements, fragments, or other debris from the test
article to penetrate the test vehicle’s occupant compartment or present undue hazard to other
traffic, pedestrians, or personnel in a work zone. The second criterion is that the vehicle remains
upright with its roll angle not exceeding 75° throughout the test. The final two (2) criteria are based
on the calculated Occupant Impact Velocities (OIV) and occupant ridedown accelerations. The
maximum allowable limit for Occupant Impact Velocity Limit in both the longitudinal and lateral

directions is 40.0 ft/s (12.2 m/s). The maximum allowable ridedown acceleration in both the
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longitudinal and lateral directions is 20.49 g. Both criteria are calculated from the acceleration
data collected during the test.

The maximum extent of the debris field was 17.0 ft. (5.2 m) downstream and 5.2 ft. (1.6
m) to the field side measured from the first point of contact with the system. The debris field
consisted of vehicle components such as the headlights that detached from the vehicle during
impact. The vehicle remained upright throughout the impact event and the occupant impact
velocity and ridedown acceleration did not exceed their allowable limits. A summary of the test

data is presented in Table 7 below.

Table 7 Summary of Occupant Risk Factors

Test Parameter Axis | Units Max Time (ms) Min Time (ms)

Vehicle Impact Velocity X ft/s 65.0

Occupant Impact Velocity X ft/s 26.2 155.1

Occupant Impact Velocity Y ft/s 2.0 155.1

Ridedown Acceleration X g 2.6 318.1 -17.8 273.6
Ridedown Acceleration Y g 2.2 285.0 -0.5 349.7
THIV ft/s 26.2 155.1

PHD g 17.8 273.7

ASI 1.09 283.1

Roll X deg. 2.8 689.3 -1.8 293.2
Pitch Y deg. 0.2 22.6 -2.4 999.9
Yaw Z deg. 5.2 999.9 0.0 15.3

5.8 Discussion and Summary of Results

The Work Area Protection SCI 70 GM crash cushion met all the requirements for MASH
2016 Test 2-31. The system brought the vehicle to a controlled stop. None of the intrusion limits
were exceeded, there was no penetration into the occupant compartment, and all the occupant
risk factors were within the allowable limits. The SCI 70 GM crash cushion’s performance to
MASH 2016 test 2-31, was deemed as acceptable.
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Table 8 Evaluation Criteria Summary

Evaluation
Factor

Evaluation Criteria

Result

Structural
Adequacy

Test article should contain and redirect the vehicle or bring the vehicle
to a controlled stop; the vehicle should not penetrate, underride, or
override the installation although controlled lateral deflection of the
test article is acceptable.

PASS

Occupant
Risk

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

Deformations of, or intrusions into, the occupany compartment should
not exceed limits set forth in Section 5.2.2 and Appendix E of MASH
2016.

PASS

The vehicle should remain upright during and after the collision. The
maximum roll and pitch angles are not to exceed 75°.

PASS

Occupant impact velocities (O1V) should satisfy the following limits:

Component Preferred Maximum

Longitudinal and 30 ft/s (9.1 m/s) 40 ft/s (12.2 m/s)
Lateral

PASS

The occupant ridedown acceleration should satisfy the following
limits:

Component Preferred Maximum

Longitudinal and
Lateral 15.049 20.49¢

PASS

OVERALL TEST ASSESSMENT

PASS
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MASH 2016 Test 2-31 Summary

0.000 s 0.050 s 0.100 s 0.150 s 0.200 s 0.250 s
142ft(43m)
0.1 fei 0.03 mj H —
F — [T P I1E |
GENERAL INFORMATION Impact Conditions Occupant Risk
Test Agency................. Applus IDIADA KARCO Impact Velocity................ 44.29 mph (71.27 km/h) Longitudinal OIV............... 26.2 ft/s (8.0 m/s)
KARCO Test No............ P38187-01 Impact Angle..................... 0.4° Lateral OIV...................... 2.0 ft/s (0.6 m/s)
Test Designation............ 2-31 Location / Orientation.......... 0.4 in. (10 mm) left of nominal Longitudinal RA................ -17.8 ¢
TestDate..........ceeveneen. 8/24/18 Kinetic Energy................... 327.2 kip-ft (443.7 kJ) Lateral RA..........coeiviiniits 22g
THIV...oo 26.2 ft/s (8.0 m/s)
TEST ARTICLE Exit Conditions PHD....cooviiiin 1784
Name / Model................. SCI 70 GM Exit Velocity...................... N/A ASL. 1.09
TYPE. oo Crash Cushion ExitAngle.........ccooeiiiini N/A
Installation Length........... 33.5ft. (10.2 m) Final Vehicle Position......... 14.2 ft. (4.3 m ) Upstream Test Article Deflections
Terminal Length............. 13.7 ft. (4.2 m) 1.4 in. (35 mm) Left Static.....cooviiiiiin 9.8 ft. (3.0 m)
Road Surface................ Concrete Exit Box Criteria Met.......... N/A DynamicC..........ccocoveeenans. 9.8 ft. (3.0 m)
Vehicle Snagging............... None Working Width................. N/A
TEST VEHICLE Vehicle Pocketing.............. None Debris Field..................... 49.6 ft. (15.1 m ) Downstream
Type / Designation.......... 2270P Vehicle Stability................. Satisfactory 18.2 ft. (5.5 m ) Right
Year, Make, and Model.... 2012 RAM 1500 Maximum Roll Angle........... 2.8° Vehicle Damage
CurbMass.......c.cceeuenee. 4,806.0 Ibs (2,180.0 kg) Maximum Pitch Angle......... -2.4° Vehicle Damage Scale...... 12-FD-1
Test Inertial Mass........... 4,990.1 Ibs (2,263.5 kg) Maximum Yaw Angle.......... -5.2° CDC..oevevee 12FDBW1

Gross Static Mass.......... 4,990.1 Ibs (2,263.5 kg)

Figure 2 Summary of Test 2-31

Maximum Intrusion............

0.0 in. (0.0 mm)
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FIGURE 10. Test Setup, Close-Up
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FIGURE 11. Pre-Test
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FIGURE 13. Post-Test

FIGURE 14. Post-Test
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FIGURE 15. Pre-Test Front View of Test Article
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FIGURE 16. Post-Test Front View of Test Article
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FIGURE 17. Pre-Test Right Front % View of Test Article

FIGURE 18. Post-Test Right Front % View of Test Article
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FIGURE 20. Post-Test Right View of Test Article
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FIGURE 22. Post-Test Right Rear % View of Test Article
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FIGURE 25. Pre-Test Left Rear 3% View of Test Article

FIGURE 26. Post-Test Left Rear % View of Test Article

A-13 TR-P38187-01-A





FIGURE 28. Post-Test Left View of Test Article
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FIGURE 29. Pre-Test Left Front 34 View of Test Article
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FIGURE 30. Post-Test Left Front 3% View of Test Article
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FIGURE 31. Test Article Damage

FIGURE 32. Test Article Damage
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FIGURE 33. Pre-Test Left View of Test Vehicle

FIGURE 34. Post-Test Left View of Test Vehicle
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FIGURE 36. Post-Test Left Front % View of Test Vehicle
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FIGURE 38. Post-Test Front View of Test Vehicle
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FIGURE 39. Pre-Test Right Front % View of Test Vehicle

FIGURE 40 Post Test Right Front % View of Test Vehicle
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FIGURE 42. Post-Test Right View of Test Vehicle
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FIGURE 43. Pre-Test Windshield
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FIGURE 44. Post-Test Windshield
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FIGURE 45. Pre-Test Driver Side Occupant Compartment
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FIGURE 46. Post-Test Driver Side Occupant Compartment
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FIGURE 48. Post-Test Driver Side Floorpan

A-24 TR-P38187-01-A





FIGURE 50. Post-Test Passenger Side Occupant Compartment
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FIGURE 51. Pre-Test Passenger Side Floorpan

FIGURE 52. Post-Test Passenger Side Floorpan
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FIGURE 53. Test Vehicle Manufacturer’s Label
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Test Article: SCI 70 GM Project No:  P38187-01
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Test Article: SCI 70 GM Project No:  P38187-01
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Test Article: SCI 70 GM Project No:  P38187-01

Test Program: MASH 2-31 Test Date.: 08/24/18 KARCO
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Test Article: SCI 70 GM Project No:  P38187-01
Test Program: MASH 2-31 Test Date.: 08/24/18 KARCO
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