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


PQL – 13.5 REVISED – 02/23/18 
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TEMPORARY 
INSTALLATIONS 


NCHRP 350 


PERMANENT INSTALLATIONS 


(TL-2)1 (TL-3)2 (SEVERE DUTY) 


Absorb 350    


ACZ-350    


QuadGuard QuadGuard QuadGuard  


QuadGuard II QuadGuard II QuadGuard II  


SCI SCI SCI SCI 


Tau-II Tau-II Tau-II  
 


 


TEMPORARY 
INSTALLATIONS 


MASH 


PERMANENT INSTALLATIONS 


(TL-2)1 (TL-3)2 (SEVERE DUTY) 


SCI SCI SCI SCI 
 


 


 
1 TL-2 is for speeds less than or equal to 45 mph 
2 TL-3 is for speeds greater than 45 mph 
 
Note: 
Absorb 350 and Tau-II manufactured by Barrier Systems, Inc./Lindsay Transportation 
Solutions Inc. 1-707-374-6800, Riovista CA 
ACZ-350, QuadGuard and QuadGuard II 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. 
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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: 


1. A POSTED OR 85TH PERCENTILE SPEED GREATER THAN 45 MPH 
2. 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. 
3. 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. 


4. A DOCUMENTED HISTORY OF VEHICLE/CRASH CUSHION IMPACTS, TWO OR MORE IMPACTS 
OVER A 36 MONTH PERIOD.  


     DEVIATION FROM THESE CONDITIONS MUST BE APPROVED BY CENTRAL TRAFFIC & SAFETY 
DESIGNERS WILL DESIGNATE HAZARD WIDTH ON PLAN SET 


System  Name Manufacturer 
NCHRP 


 Test Level 
FHWA Approval 


MASH 
Test Level 


FHWA Approval 
Comments 


QuadGuard Elite M10 
          (TL-3)  Trinity  


 


TL-3 
TL-2 
FHWA CC-112A 
May 7, 2012 
CC -series 


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 
design impact. Refer to FHWA approval letter CC-112A. 
 
Standard size is 24 inches. Requires additional transition 
panels to obtain widths greater than 24 inches. Transition 
will be considered as part of the system and will 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.  
 


SCI100GM (TL-3) Work Area 
Protection 


TL-3 
FHWA 
Sept 12, 2003 
CC- series 
 


TL-3 
TL-2 
FHWA CC-128 
Aug 16, 2016  
CC –series 
 


This system does not have self-restoring capabilities after 
a designed frontal impact. It is included in this type due to 
the low cost associated with repairs after a design impact. 
Refer to FHWA approval letter CC-85B and CC-128. 
 
Standard size is 27 inches. Requires additional transition 
panels to obtain widths greater than 27 inches. 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..  
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Approved Materials List


Product Category : Impact Attenuator (Low Maintenance)
MATERIAL : Impact Attenuator - Low Maintenance0713M00060


Energy Absorption Systems - Chicago, ILAPS00005290 Phone : 312-467-6750
Fax :


Ext. # :
Address : 70 W. Madison, Suite 2350


Address Line
2 :


Chicago, IL 60620 Contact : Paul Barber


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


Work Area Protection Corporation - St. Charles, ILAPS00005170 Phone : 800-327-4417
Fax : 630-377-9100


Ext. # :
Address : 2500 Production Drive


Address Line
2 :


Address Line
3 :


City :


St. Charles, IL 60714 Contact : Charles Frick
(workarea@workareaprotection.com)


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


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
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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
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Applus IDIADA KARCO Engineering compiled this publication for information gathering 


only. The findings and conclusions expressed in this publication are those of the authors and not 


necessarily those of any other organization. IDIADA KARCO provides test services only and is 


not involved in consulting, product design or the manufacturing of any highway safety products. 


IDIADA KARCO does not warrant, supervise or monitor compliance of products or services except 


as specifically agreed to in writing. By their very nature, testing, analysis and other IDIADA 


KARCO services are limited in scope and subject to expected measurement variability. No activity 


by IDIADA KARCO Engineering can release a manufacturer from product or any other liability. 


The results, findings and conclusions expressed in this publication relate only to the items tested 


for the specific situation simulated in the test.   
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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. (584 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 ftꞏlbs (169 Nꞏm). 


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 


 


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. 


 


 


Test  
Level 2 


Test Designation Impact Conditions 
Evaluation 


Criteria MASH Test No. Vehicle 
Nominal 
Speed 
(mph) 


Nominal 
Angle 
(deg) 


2-30 1100C 44 0 A, D, F, H, I 


2-31 2270P 44 0 A, D, F, H, I 


2-32 1100C 44 5-15 A, D, F, H, I 


2-33 2270P 44 5-15 A, D, F, H, I 


2-34 1100C 44 15 A, D, F, H, I 


2-35 2270P 44 25 A, D, F, H, I 


2-36 2270P 44 25 A, D, F, H, I 


2-37a 2270P
44 25 A, D, F, H, I 


2-37b 1100C


2-38 1500A 44 0 A, D, F, H, I 
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Table 2 MASH 2016 Evaluation Criteria for Non-Gating Terminals and Redirective Crash Cushions 


 
 


Evaluation 
Factors 


Evaluation Criteria 


Structural 
Adequacy 


A 


Test article should contain and redirect the vehicle or being 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.  


Occupant 
Risk 


D. 


Detached elements, fragments, or other debris from the test article should 
not penetrate or show potential for penetrating the occupant compartment or 
present 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.


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


H. 


Occupant impact velocities (OIV) should satisfy the following 


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


Component Preferred Maximum 


Longitudinal and 
Lateral 


30 ft/s 
(9.1 m/s) 


40 ft/s 
(12.2 m/s) 


I. 


The occupant ridedown acceleration should satisfy the following limits 


Occupant Ridedown Acceleration Limits (G) 


Component Preferred Maximum 


Longitudinal and 
Lateral 


15.0 g 20.49 g 







 


 
 
 5 TR-P38187-01-A 


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 lbs (2,180.0 kg) and 4,990.1 lbs (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 


 


GVWR Rating 


Total…………………... 6,700 lbs 


Front……...…………… 3,700 lbs 


Rear…………………... 3,900 lbs 


 


Engine Type…………… V8  


Engine Size……………. 4.7 L 


Transmission Type……. Automatic 


  


Dummy Type………….. None 


Dummy Mass………….. N/A 


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 I 12.4 315 N 67.8 1722 S 13.4 340
E 140.6 3570 J 23.4 594 O 44.2 1122 T 79.4 2017


 


TEST VEHICLE MASS 


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


Front Rear Total Front Rear Total Front Rear Total
Left 629.5 443.5 1073.0 581.5 543.0 1124.5 581.5 543.0 1124.5


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


Gross Static (lbs)As Received (lbs) Test Inertial (lbs)


As Received (kg) Test Inertial (kg) Gross Static (kg)


 


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. (50 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 Z 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 lbs (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 0.0 in. 4.0 in. (102 mm) 


Windshield 0.0 in. 3.0 in. (76 mm) 


Window 0.0 in.  0.0 in 


Wheel / foot well and toe pan 0.0 in. 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) 0.0 in.  9.0 in. (229 mm) 


Front side door area (below seat 0.0 in. 12.0 in. (305 mm) 


Floor pan and transmission tunnel 0.0 in. 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
Result


Structural 
Adequacy


A PASS


D PASS


F PASS


Component Preferred Maximum
Longitudinal and 
Lateral


30 ft/s (9.1 m/s) 40 ft/s (12.2 m/s)


Component Preferred Maximum
Longitudinal and 
Lateral


15.0 g 20.49 g


PASS


Evaluation Criteria


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.


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.


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


The occupant ridedown acceleration should satisfy the following
limits:


H


PASS


Occupant 
Risk


I


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


OVERALL TEST ASSESSMENT


PASS
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MASH 2016 Test 2-31 Summary 


 


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 g
Test Date………………… 8/24/18 Kinetic Energy…………………327.2 kip-ft (443.7 kJ) Lateral RA……………………2.2 g


THIV………………………… 26.2 ft/s (8.0 m/s)
TEST ARTICLE Exit Conditions PHD……………………………17.8 g


Name / Model…………….. SCI 70 GM Exit Velocity……………………N/A ASI……………………………1.09
Type………………………. Crash Cushion Exit Angle………………………N/A
Installation Length……….. 33.5 ft. (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…………………………9.8 ft. (3.0 m)
Road Surface……………. Concrete Exit Box Criteria Met………. N/A Dynamic………………………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
Curb Mass……………….. 4,806.0 lbs (2,180.0 kg) Maximum Pitch Angle……… -2.4° Vehicle Damage Scale………12-FD-1
Test Inertial Mass……….. 4,990.1 lbs (2,263.5 kg) Maximum Yaw Angle…………-5.2° CDC……………………………12FDBW1
Gross Static Mass………. 4,990.1 lbs (2,263.5 kg) Maximum Intrusion…………0.0 in. (0.0 mm)  


Figure 2 Summary of Test 2-31 
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FIGURE 1. Test Setup 


 


FIGURE 2. Test Setup, Close-Up 
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FIGURE 3. Test Setup 


 


FIGURE 4. Test Setup, Close-Up 
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FIGURE 5. Test Setup 


 


FIGURE 6. Test Setup, Close-Up 
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FIGURE 7. Test Setup 


 


FIGURE 8. Test Setup, Close-Up 
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FIGURE 9. Test Setup 


 


FIGURE 10. Test Setup, Close-Up 
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FIGURE 11. Pre-Test 


 


FIGURE 12. Post-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 


 


FIGURE 16. Post-Test Front View of Test Article 


 







TR-P38187-01-A A-9


 


FIGURE 17. Pre-Test Right Front ¾ View of Test Article 


 


FIGURE 18. Post-Test Right Front ¾ View of Test Article 
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FIGURE 19. Pre-Test Right View of Test Article 


 


FIGURE 20. Post-Test Right View of Test Article 
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FIGURE 21. Pre-Test Right Rear ¾ View of Test Article 


 


FIGURE 22. Post-Test Right Rear ¾ View of Test Article 
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FIGURE 23. Pre-Test Rear View of Test Article 


 


FIGURE 24. Post-Test Rear View of Test Article 
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FIGURE 25. Pre-Test Left Rear ¾ View of Test Article 


 


FIGURE 26. Post-Test Left Rear ¾ View of Test Article 
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FIGURE 27. Pre-Test Left View of Test Article 


 


FIGURE 28. Post-Test Left View of Test Article 
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FIGURE 29. Pre-Test Left Front ¾ View of Test Article 


 


FIGURE 30. Post-Test Left Front ¾ 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 35. Pre-Test Left Front ¾ View of Test Vehicle 


 


FIGURE 36. Post-Test Left Front ¾ View of Test Vehicle 
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FIGURE 37. Pre-Test Front View of Test Vehicle 


 


FIGURE 38. Post-Test Front View of Test Vehicle 
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FIGURE 39. Pre-Test Right Front ¾ View of Test Vehicle 


 


FIGURE 40. Post-Test Right Front ¾ View of Test Vehicle 
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FIGURE 41. Pre-Test Right View of Test Vehicle 


 


FIGURE 42. Post-Test Right View of Test Vehicle 
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FIGURE 43. Pre-Test Windshield 


 


FIGURE 44. Post-Test Windshield 
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FIGURE 45. Pre-Test Driver Side Occupant Compartment 


 


FIGURE 46. Post-Test Driver Side Occupant Compartment 
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FIGURE 47. Pre-Test Driver Side Floorpan 


 


FIGURE 48. Post-Test Driver Side Floorpan 
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FIGURE 49. Pre-Test Passenger Side Occupant Compartment 


 


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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Data Plots 
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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
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Test Article: SCI 70 GM Project No: P38187-01


Test Program: MASH 2-31 Test Date.: 08/24/18
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Figure 1: SCI 70 GM System Parts
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	matlcode: 614.07.02.00
	matcodedes: Impact Attenuator
	prodname: SCI Smart Cushion SCI70GM
	prodcat: Roadway Sfty\Crash Cushion\Impact Atten, Low Mnt. Perm
	prodrepattn: Jeffery Smith
	prodrepaddress: Work Area Protection 2500 Production DriveSt. Charles, IL 60174
	prodrephone: 630-330-8063
	prodweb: www.workareaprotection.com
	prodmanattn: Jeffery Smith
	prodmanaddress: Work Area Protection 2500 Production DriveSt. Charles, IL 60174
	prodmanphone: 630-330-8063
	prodmanfax: workarea@workareaprotection.com
	prodmanweb: www.workareaprotection.com
	prodesc: 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.  
	prodresc: Transition panels are required for reverse direction traffic and hazards wider than 24".  
	produse: Use to protect hazards such as bridge piers, concrete barrier and guardrail ends.  
	prodbene: 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.  
	specastm: Off
	specastmtext: 
	specaashto: Yes
	specoaashtotext: MASH
	specfhwa: Off
	specfhwatext: 
	specother: Off
	specothertext: 
	specodttext: Standard 614
	testfhwa: Off
	testfhwattext: 
	testother: Off
	testotherttext: 
	testaashto: Yes
	testaashtottext: MASH TL2 Test #2-31 Report
	testother2text: 
	dotapp: Roadway Safety\Crash Cushion\Impact Attenuator, Std/Low Maintenance Permanent and Temporary Applications
	sampsub: no
	msds: Yes
	notesadd: 
	595entered: 01-04-2019
	595eval: 01-04-2019
	pt1: Yes
	stand: Yes
	exp: Off
	ret: Yes
	acc: Yes
	rej: Off
	evalproc: Evaluation methods per: MASH 2016 crash testing criteria; CDOT Standard Specification 606; CDOT M-Standard 606-1.
	find&rec: The 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. Given successful crash testing and conformance to CDOT Standard Specifications, this product meets basic requirements for acceptable inclusion on CDOT APL for standard temporary and permanent roadside application. Joshua J. Palmer PE, Guardrail Engineer 1/28/19.
	addlist: Yes
	reject: Off
	rejectreason: 
	signed: Craig Wieden PE III
	formdate: 
	specother2: Off
	Cert of Verif: Yes
	specodt: Yes
	Testother3Text: 
	prod email: jsmith@workareaprotection.com
	Resub Cycle: 3 Years / 01-28-2023
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	State DOT Aprov: 
	Exp Date: 2023-01-28
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