LIST OF CHANGES FROM NCHRP REPORT 350 PERTAINING TO TEST MATRICES

	Topic
	Change
	Relevancy
	Anticipated Impact

	Small Car Impact Angle
	Increase small car impact angle from 20 to 25 degrees to match the impact angle used with light truck testing.


	Accident data show that higher angle impacts are more severe and that small car impact angles are not lower than light truck impact angles. 
	Some barriers, particularly cable barriers, may not pass the higher angle testing.  It is believed that the new testing requirement may result in design changes that would reduce penetration frequencies for these barriers.  

	Impact Speed for Single Unit Truck Test
	Increase impact speed from 80 km/h to 90 km/h.
	Single unit truck impact speed was increased to make the TL-4 test more meaningful relative to TL-3.   
	There is a concern that a 32” high NJ barrier may not meet the proposed TL-4 test conditions. Stiffened barriers will provide greater containment capacity than currently associated with TL-4 systems.

	Impact Angle for Length-of-Need Tests of Terminals and Crash Cushions 
	Increase impact angle for length-of-need testing from 20 to 25 degrees. 
	The length-of-need test is defined as the point where a system becomes effective as a longitudinal barrier.  Hence, the impact angle should be the same as longitudinal barriers. Terminals and crash cushions are usually located farther from the roadway than are longitudinal barriers.  Since impact angles increase with greater lateral distance from the roadway, there is no justification for using lower impact angles.    
	Some terminals or crash cushions will need to be stiffened to provide the additional capacity for the higher impact angle and the frequency of penetrations near the end of barrier systems will be reduced. 


LIST OF CHANGES FROM NCHRP REPORT 350 PERTAINING TO TEST MATRICES (Continued)

	Topic
	Change
	Relevancy
	Anticipated Impact

	Oblique End Impacts for Gating Terminals and Crash Cushions
	Reduce the impact angle from 15 to 5 degrees. 
	Full-scale crash testing has shown that the higher impact angle makes gating terminals function better. Anecdotal crash data indicates that low impact angles could lead to rail buckling and penetration of the occupant compartment.
	It is anticipated that most crash cushions and terminals will be unaffected.  This change would result in post-and-beam terminal and crash cushion designs becoming more resistant to buckling.

	Occupant Risk for Length-of-Need Tests
	Require length-of-need tests with pickup truck test vehicle to meet occupant risk criteria.
	Accident data indicates that more than 15% of all crashes involve impact angles greater than 25 degrees.  Barriers should be designed to safely accommodate these impacts.
	A very small number of barrier transition systems that exhibit severe snagging during the light truck testing may not meet the new criteria.  Redesigning these barrier systems will reduce the risk of severe injury.

	Mid-size Car Test
	Add head-on test with 1500A test vehicle for staged impact attenuation systems.
	There is a need to assure that impact attenuation systems function properly when struck by mid-size vehicles.
	Most crash cushions will be exempted from this test through analysis of accelerometer data from 2270P test.  Some crash cushions and TMAs may need to be redesigned and the overall length of the systems could increase. 

	Barrier Testing Heights
	Recommend barrier mounting height be set at maximum for small car tests and at minimum for pickup truck tests.
	There is a need to verify that specified tolerances on barrier mounting heights are appropriate. 


	Specified tolerances on mounting heights for some existing barriers may have to be modified or tightened. Designers will  have clear demonstration of acceptable barrier mounting heights.


LIST OF CHANGES FROM NCHRP REPORT 350 PERTAINING TO TEST MATRICES (Continued)

	Topic
	Change
	Relevancy
	Anticipated Impact

	Critical Impact Point for small car terminal test. 
	Define CIP as point where terminal behavior changes from redirection to gating.
	Test terminals and redirective crash cushions under more critical condition. 
	Reduce risk for vehicles impacting between the beginning of the length of need and the end of the device.

	Critical Impact Point for Reverse Direction Impacts
	Require testing at transition from backup structure to crash cushions.
	Anecdotal accident data indicates that reverse direction accidents continue to be a safety problem for a number of crash cushion systems. 
	The transition elements on the back of some popular crash cushions may need to re-design to preclude serious snagging problems during reverse direction impacts.  The frequency of this type of crash will diminish significantly.

	TMA Optional Tests
	Change the two currently optional tests to mandatory.
	These two optional tests have been shown to be good indicators of the impact performance of TMAs and should, therefore, be included as part of the test matrices.
	Some existing TMAs may not pass these two previously optional tests and need to be re-designed.  Costs for full-scale crash testing of TMAs will be increased; however, most systems already pass these optional tests.

	Variable Message Sign and Arrow Board Trailers
	Add these items to TMA crash test matrix.
	Attenuation systems for these trailers have been developed and a recommended procedure for safety performance evaluation of these systems is needed. 
	Developers will know the testing required for approval of variable message sign and arrow board trailer attenuation systems. 

	Support Structures and Work Zone Traffic Control Devices
	Add pickup truck test,
	Research has demonstrated that support structures and work zone traffic control devices can penetrate through the windshield of light trucks. 
	Some small sign supports, particularly base bending sign systems, may not meet the new criteria and thereby be forced out of the market.  Fewer crashes with sign supports and wok zone traffic control devices will involve objects penetrating the windshield and injuring a motorist.


LIST OF CHANGES FROM NCHRP REPORT 350 PERTAINING TO TEST MATRICES (Continued)

	Topic
	Change
	Relevancy
	Anticipated Impact

	Longitudinal Channelizing Barricades 
	Add category and recommended test matrix for longitudinal channelizing barricades.
	These barricades are being designed and used in the field, but are not covered in the current guidelines.  
	Developers will have objective evaluation criteria with which to design these systems. 

	Event Data Recorder (EDR) Data Collection
	Collect Event Data Recorder (EDR) and airbag deployment data on test vehicles. 


	EDR data provide information on impact conditions and acceleration, which can be used to link crash test conditions and results to real-world crashes.
	Battery power to test vehicles will have to remain on during testing; require use of sealed, non-volatile battery.


LIST OF CHANGES FROM NCHRP REPORT 350 PERTAINING TO TEST INSTALLATION

	Topic
	Change
	Relevancy
	Anticipated Impact

	Soil Condition
	Add performance based specifications (measured soil strength) to the existing material based specifications (soil type, gradation, compaction, density, etc.).
	Ensure consistency in soil strength within and among testing agencies
	Added costs to conduct in-situ static push/pull tests for initial calibration tests, re-test every two years, and conduct soil strength test prior to construction and prior to testing of each installation.

Improved soil strength consistency between testing agencies. 

	Embedment of Posts
	Eliminate lateral width requirement for fill material, which is currently not met by most testing agencies. However, the embedment depth requirement remains.
	The requirement for lateral width of fill materials is no longer applicable given the new testing requirement.
	Reduce amount of required fill materials.

	Splices
	Require any rail element splice used in the field to be installed in the impact region during testing
	Cable splices are often used in the field, but have not been included in crash testing programs. 
	Splices used in the field will have been tested to assure adequate performance. 

	Cable Tension
	Require cable tension to be set to value recommended for 100o F. 
	Assure equal comparison for all cable barriers and reasonable assessment of barrier deflection. 
	Will allow a direct comparison between tests of different systems. 

	Components
	Require more detailed documentation of components used in the test installation.
	Ability to trace the components in case there are questions regarding the test installation.
	Requires additional time for documentation.

	Installation Length
	Add more definitive requirements with regard to minimum installation length.
	Ensure that the test installation is of sufficient length to minimize end effects. 
	May increase cost of construction for a given test installation but will assure a more uniform comparison of barrier performance.


LIST OF CHANGES FROM NCHRP REPORT 350 PERTAINING TO TEST VEHICLES

	Topic
	Change
	Relevancy
	Anticipated Impact

	Test Vehicles
	Replace 820C with 1100C

Replace 2000P with 2270P


	Vehicle fleet size has increased significantly and test vehicles are being revised accordingly. 


	Increased vehicle masses will place higher impact loads on barrier systems and cause higher deflections. It is believed that most longitudinal barriers will still pass new criteria.  Barriers failing the criteria will be strengthened to reduce barrier penetration rates. 

	Light Truck Test Vehicle
	Require 28 in. minimum c.gs height
	Most large SUV’s have c.g. heights in the 28 to 29 inch range.  The new test vehicle will match these very popular vehicles.
	Testing to date indicates that, during most longitudinal barrier testing the new test vehicle will be no less stable than the 2000P vehicle. This change will present some difficulties for low height barriers.  Raising these barriers will reduce vehicle penetration and rollover rates. 

	Vehicle Age
	Remove option for using older passenger car test vehicles that are structurally similar to current models.
	Vehicle designs are changing rapidly and it is impossible to know the impact of seemingly modest changes in vehicle suspension and frame elements.
	All testing agencies will be forced to purchase test vehicles that are 6 years old or less. Testing costs may increase slightly.   Because most testing agencies have been complying with this requirement, the impact is expected to be very small. 

	Single Unit Truck Mass
	Increase single unit truck from 8000 kg to 10,000 kg.
	Single unit truck mass was increased to make the TL-4 test meaningful relative to TL-3.   
	There is a concern that a 32” high NJ barrier may not meet the proposed TL-4 test conditions. Stiffened barriers will provide greater containment capacity than currently associated with TL-4 systems. 


LIST OF CHANGES FROM NCHRP REPORT 350 PERTAINING TO TEST VEHICLES (Continued)

	Topic
	Change
	Relevancy
	Anticipated Impact

	Truck Box Attachment
	Require truck box attachments on test vehicles to meet published guidelines for such attachments
	Truck boxes have become detached during full-scale crash tests.  When this occurs, barrier loading and the risk of vehicle penetration are significantly reduced and the results of the test are unreliable 
	Requiring consistent attachments between the truck box and the truck frame will reduce the incidence of inconclusive test results without a significant increase in test cost. 

	Vehicle Damage
	Document external vehicle crush using NASS procedures
	Documentation of vehicle crush will provide correlation with NASS-CDS crash data base. 
	Documenting vehicle crush will increase the cost of testing only slightly and provide an important link between crash testing and accident data. 

	Crushable Nose Characteristics
	Develop new crushable nose for use on surrogate test vehicles
	Existing crushable nose properties were calibrated against a 1981 Volkswagen Rabbit.  This vehicle is more than 24 model years old.
	Calibration of a new crushable nose is not expensive and only needs to be conducted once. The new crushable nose will assure correlation between surrogate vehicle testing and full-scale testing.

	TMA Support Vehicle 
	Require TMA developers to select maximum and minimum support truck weight ratings.  Three full-scale crash tests will be conducted with the maximum allowable support truck mass and one test will be conducted with the minimum.  
	Under existing guidelines user agencies are forced to use very light weight support trucks or face tort risk for using vehicle heavier than those used in compliance testing.  
	User agencies will be able to purchase TMA units tested on support trucks as heavy as those used in service. 


LIST OF CHANGES FROM NCHRP REPORT 350 PERTAINING TO EVALUATION CRITERIA

	Topic
	Change
	Relevancy
	Anticipated Impact

	Windshield Damage Evaluation Criteria
	Change the current qualitative or subjective windshield damage evaluation criteria to a more quantitative or objective set of criteria.
	Improve the consistency in the evaluation of windshield damage.
	Provide more consistent and objective evaluation of windshield damage.



	Windshield Damage Evaluation Criteria
	Apply windshield damage criteria to permanent support structures as well as work zone traffic control devices.
	Raise performance requirements for permanent hardware to meet that associated with work zone traffic control devices. 
	Assure that permanent hardware is not evaluated to a lower standard of performance than work zone devices.  Will require improved performance from some base bending signs.

	Occupant Compartment Damage Evaluation Criteria
	Change the current qualitative or subjective occupant compartment damage evaluation criteria to a more quantitative or objective set of criteria.  
	Improve the consistency in the evaluation of occupant compartment damage to bring roadside safety criteria into conformance with vehicle crashworthiness criteria.
	Provide more consistent and objective evaluation of occupant compartment damage.

	Marginal Pass
	Delete use of “marginal” pass, i.e., strictly pass/fail on all evaluation criteria.
	Reduce ambiguity from the evaluation.
	Provide clearer interpretation of test results.


LIST OF CHANGES FROM NCHRP REPORT 350 PERTAINING TO EVALUATION CRITERIA (Continued)

	Topic
	Change
	Relevancy
	Anticipated Impact

	Flail Space Criteria
	Require all longitudinal barrier tests to meet flail space criteria.
	A large proportion of barrier impacts occur at angles between 15 & 25 deg. Barriers should perform acceptably for these impacts.
	Virtually all barriers already meet these criteria. The effects are therefore believed to be limited.

	Roll Angle
	Set maximum roll and pitch angles to 75 degrees. 
	Provide objective measure of maximum acceptable risk of rollover. 
	Provide more consistent and objective evaluation of vehicle stability.

	Exit Conditions
	Eliminate subjective criteria for evaluation of exit conditions. Require reporting of exit box evaluation criterion. (Note that meeting this criterion is not required for a passing test.)
	Improve the consistency in the evaluation of vehicle exit conditions from barrier impacts; promote international harmonization.
	Provide better and more consistent assessment of exit conditions.



	Vehicle Rebound
	Add required documentation to vehicle rebound in crash cushion tests.
	Provide better information on vehicle rebound in crash cushion tests.
	Provide better information for user agencies on testing of crash cushions with vehicle rebound.


LIST OF CHANGES FROM NCHRP REPORT 350 PERTAINING TO TEST DOCUMENTATION

	Topic
	Change
	Relevancy
	Anticipated Cost Impact

	CAD Drawings
	Require CAD (AutoCAD or Micro Station) drawings of test device, including key elements, and test installation. 
	Provide better documentation of the system that was actually crash tested.
	Provide better documentation with little additional cost since most testing agencies are already using CAD drawings.

	Test Report
	Require more detailed documentation of the conduct of the test and the evaluation results.
	Provide better documentation of the conduct of the test and the evaluation results.
	Require additional time for documentation and provide additional information for potential users of the hardware.


LIST OF CHANGES FROM NCHRP REPORT 350 PERTAINING TO IN-SERVICE PERFORMANCE EVALUATION

	Topic
	Change
	Relevancy
	Anticipated Impact

	Conduct of In-Service Evaluation
	Strengthen language emphasizing the importance of in-service performance evaluation. 
	Promote conduct of in-service evaluation.
	Limited. 
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