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DISCLAIMER 


The contents of this report reflect the views of the authors, who are solely responsible for 


the facts and accuracy of the data, and the opinions, findings, and conclusions presented herein. 


The contents do not necessarily reflect the official views or policies of SAFEROADS PTY LTD, 


The Texas A&M University System, or Texas A&M Transportation Institute. This report does 


not constitute a standard, specification, or regulation. In addition, the above listed agencies/ 


companies assume no liability for its contents or use thereof. The names of specific products or 


manufacturers listed herein do not imply endorsement of those products or manufacturers.  


 


The results reported herein apply only to the article being tested.  The full-scale crash test 


was performed according to TTI Proving Ground quality procedures and according to the MASH 


guidelines and standards. 


The Proving Ground Laboratory within the Texas A&M Transportation Institute’s 


Roadside Safety and Physical Security Division (“TTI Lab” or “TTI LAB”) strives for accuracy 


and completeness in its crash test reports.  On rare occasions, unintentional or inadvertent 


clerical errors, technical errors, omissions, oversights, or misunderstandings (collectively 


referred to as “errors”) may occur and may not be identified for corrective action prior to the 


final report being published and issued.  When the TTI Lab discovers an error in a published and 


issued final report, the TTI Lab shall promptly disclose such error to the SAFEROADS PTY 


LTD (“Sponsor”), and both parties shall endeavor in good faith to resolve this situation.  The TTI 


Lab will be responsible for correcting the error that occurred in the report, which may be in form 


of errata, amendment, replacement sections, or up to and including full reissuance of the report.  


The cost of correcting an error in the report shall be borne by TTI Lab.  Any such errors or 


inadvertent delays that occur in connection with the performance of the related testing contract 


shall not constitute a breach of the testing contract.   


THE TTI LAB SHALL NOT BE LIABLE FOR ANY INDIRECT, 


CONSEQUENTIAL, PUNITIVE, OR OTHER DAMAGES SUFFERED BY SAFEROADS 


PTY LTD OR ANY OTHER PERSON OR ENTITY, WHETHER SUCH LIABILITY IS 


BASED, OR CLAIMED TO BE BASED, UPON ANY NEGLIGENT ACT, OMISSION, 


ERROR, CORRECTION OF ERROR, DELAY, OR BREACH OF AN OBLIGATION BY 


THE TTI LAB. 
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 INTRODUCTION 


 


The purpose of the full-scale crash tests reported herein was to assess the performance of 


the HV2 Barrier according to the safety-performance evaluation guidelines of the American 


Association of State Highway and Transportation Officials (AASHTO), Manual for Assessing 


Safety Hardware (MASH) (1). The crash tests were performed in accordance with MASH Test 


Level 4 (TL-4), which involves three tests: an 1100C vehicle and a 2270P vehicle impacting the 


HV2 Barrier at a target impact speed of 100 km/h (62 mi/h) and an impact angle of 25°, and a 


10000S vehicle impacting the barrier at 90 km/h (56 mi/h) and 15°. 


This report provides details of the HV2 Barrier, detailed documentation of the crash tests 


and results, and an assessment of the performance of the HV2 Barrier per MASH TL-4 evaluation 


criteria. 
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 SYSTEM DETAILS 


2.1. TEST ARTICLE AND INSTALLATION DETAILS 


The tested barrier was a proprietary temporary roadside safety device (HV2 Barrier) as 


provided and manufactured by Saferoads, LLC of Pakenham (Melbourne) Victoria, Australia, 


and delivered to the TTI Proving Ground site. The test installation consisted of 48 barrier units, 


each unit nominally 5.8 m (19 ft-⅜ inch) in length, connected end-to-end for a total length of 


approximately 278.4 m (913 ft-4⅝ inches).  


Each 5.8 m (19 ft-⅜ inch) long barrier unit was 900 mm (357/16 inch) tall, 450 mm 


(1711/16 inch) wide at the base and 200 mm (77/8 inch) wide at the top. The single slope sides 


(10.125° from vertical) tapered 700 mm (279/16 inch) vertically from the base to a 200 mm 


(77/8 inch) tall vertical face at the top. The barrier units were hollow and filled to a 300 mm 


(1113/16 inch) depth with concrete ballast. Each barrier unit weighed approximately (2.1 t) 


(2.3 T).  


Each barrier unit was joined to the next via a proprietary dual finger-and-knuckle 


connector welded into the ends of each top rail. See Appendix A, Dwg # SRP000037 for details.  


Two barrier segment versions for the HV2 Barrier were used in each test.  The subject of 


these tests were six Segment Version 2 segments that had higher-strength connectors on one end, 


which were positioned at the critical impact points (CIPs).  These higher strength connectors 


were identified by an embossed “0916” cast into the sides of the connectors.  The higher-strength 


connectors were developed after the batch of lower-strength connectors had been made, and most 


had already been manufactured into the test barriers.  It was cost prohibitive to remake the test 


barriers with the new higher-strength connectors, so the manufacturer requested to only use the 


higher-strength connectors at the CIPs where the additional strength was deem to be required.  


Please note that only the higher-strength connectors will be manufactured for all barriers 


manufactured for sale. 


The differences in the two connection types were in the fabrication details of the end 


plates and the casting material properties of the six connectors.  Segment Version 2 had a smaller 


rectangular hole in each end plate as well as two spacer feet on the bottom edge face of the plate, 


and were used for barrier units 21-40, where the vehicle CIPs were located.  Segment Version 1 


had larger openings in each end plate, and were used for barrier units 1-20 and 41-48. See 


Appendix A, Dwg # SRP000039 Revisions A & B for distinguishing details.  


The Segment Version 2 barriers were developed to allow any barrier along the length to 


be removed and replaced, to allow access to the worksite at any location. The Segment Version 1 


design only allowed the end barriers to be removed from the string. The length of the top box 


section remained unchanged, the lower body of the barrier was reduced by 20 mm (0.79 inch) at 


each end (total of 40 mm (1.6 inches)) and two 20 mm (0.79 inch) plates were added at each end 


to ensure the tightness of the joint was unchanged. The end plates of the lower body could then 


be simplified. The shorter lower body now enables the connectors to be disengaged without 


snagging on the opposing barrier, allowing any barrier to be remove along the barrier string. The 


effect is there is no change to the tightness, strength or flexibility of the joints between the 
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barriers. Segment Version 2 barriers were used at the vehicle contact points during the three 


tests, where the Segment Version 1 barriers were simply used as ballast for the systems 


extremities. The Segment Version 1 barriers were used in the crash tests as it was cost 


prohibitive to replace them all with the new design. Only Segment Version 2 barriers will be 


manufactured for sale once approved by Road Authorities. 


The HV2 Barrier was installed free-standing on the existing concrete apron, parallel to, 


and approximately 7.6 m (25 ft) from, the edge of the apron. There were no pins, bolts, clamps, 


or adhesives securing the barrier to the dry, clean apron.  


Figure 2.1 presents overall information on the HV2 Barrier, and Figure 2.2 provides 


photographs of the installation. Appendix A provides further details of the HV2 Barrier. More 


detailed drawings of the barrier and more information on the construction of the barrier segments 


are on file at TTI Proving Ground. 


2.2. MATERIAL SPECIFICATIONS  


All barrier sheet and plate material was AS/NZS-1594 HA-350 steel (for hot-rolled coil 


material), and the proprietary dual finger-and-knuckle connectors were manufactured from 


American Iron and Steel Institute (AISI) C1045 forged steel. The barriers and finger-and-


knuckle connectors were hot dip galvanized to ASTM A123 specifications.  


Material certification documents for the materials used to install/construct the HV2 


Barrier are on file at TTI Proving Ground. 
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Figure 2.1. Overall Details of the HV2 Barrier. 
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Figure 2.2. HV2 Barrier prior to Testing. 
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 TEST REQUIREMENTS AND EVALUATION CRITERIA  


3.1. CRASH TEST PERFORMED / MATRIX 


Table 3.1 shows the test conditions and evaluation criteria for MASH TL-4 longitudinal 


barriers. The target critical impact points (CIPs) for each test on the barrier, shown in Figure 3.1, 


were determined using the information provided in MASH Section 2.2.1, Table 2-2A, Table 2-7, 


and Table 2-8. 


 


Table 3.1. Test Conditions and Evaluation Criteria Specified for MASH TL-4 


Longitudinal Barrier Tests. 


Test Article 
Test 


Designation 


Test 


Vehicle 


Impact 


Conditions Evaluation 


Criteria 
Speed Angle 


Longitudinal 


Barrier 


4-10 1100C 62 mi/h 25° A, D, F, H, I 


4-11 2270P 62 mi/h 25° A, D, F, H, I 


4-12 10000S 56 mi/h 15° A, D, G 


 


 


Figure 3.1. Target CIPs for MASH TL-4 Tests on the HV2 Barrier. 


The crash tests and data analysis procedures were in accordance with guidelines 


presented in MASH. Chapter 4 presents brief descriptions of these procedures.   


3.2. EVALUATION CRITERIA 


The appropriate safety evaluation criteria from Tables 2-2A and 5-1A through 5-1C of 


MASH were used to evaluate the crash tests reported herein. The test conditions and evaluation 


criteria required for MASH TL-4 longitudinal barrier tests are listed in Table 3.1, and the 
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substance of the evaluation criteria in Table 3.2. An evaluation of the crash tests on the HV2 


Barrier is presented in detail under the section Assessment of Test Results. 


 


Table 3.2. Evaluation Criteria Required for MASH TL-4 Longitudinal Barrier Tests. 


Evaluation 


Factors 
Evaluation Criteria 


Applicable 


Tests 


Structural 


Adequacy 


A. 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. 


4-10, 4-11, 4-12 


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, pedestrians, or personnel in a work zone.  4-10, 4-11, 4-12 


Deformations of, or intrusions into, the occupant compartment 


should not exceed limits set forth in Section 5.2.2 and Appendix 


E of MASH. 


F. The vehicle should remain upright during and after collision. 


The maximum roll and pitch angles are not to exceed 


75 degrees. 


4-10, 4-11 


G. It is preferable, although not essential, that the vehicle remain 


upright during and after the collision. 
4-12 


H. Occupant impact velocities (OIV) should satisfy the following 


limits: Preferred value of 9.1 m/s (30 ft/s), or maximum 


allowable value of 12.2 m/s (40 ft/s). 


4-10, 4-11 


I. The occupant ridedown accelerations should satisfy the 


following: Preferred value of 15.0 g, or maximum allowable 


value of 20.49 g. 


4-10, 4-11 
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 TEST CONDITIONS 


4.1. TEST FACILITY 


The full-scale crash tests reported herein were performed at Texas A&M Transportation 


Institute (TTI) Proving Ground, an International Standards Organization (ISO)/International 


Electrotechnical Commission (IEC) 17025-accredited laboratory with American Association for 


Laboratory Accreditation (A2LA) Mechanical Testing Certificate 2821.01. The full-scale crash 


tests were performed according to TTI Proving Ground quality procedures, and according to the 


AASHTO MASH guidelines and standards. 


The test facilities of the TTI Proving Ground are located on the Texas A&M University 


RELLIS Campus, which consists of a 2000-acre complex of research and training facilities 


situated 10 miles northwest of the flagship campus of Texas A&M University. The site, formerly 


a United States Army Air Corps base, has large expanses of concrete runways and parking 


aprons well suited for experimental research and testing in the areas of vehicle performance and 


handling, vehicle-roadway interaction, durability and efficacy of highway pavements, and 


evaluation of roadside safety hardware and perimeter protective devices. The site selected for 


installation and testing of the HV2 Barrier was along the edge of an out-of-service apron. The 


apron consists of an unreinforced jointed-concrete pavement in 3.8 m × 4.6 m (12.5-ft × 15-ft) 


blocks nominally 152 mm (6 inches) deep. The aprons were built in 1942, and the joints have 


some displacement, but are otherwise flat and level. 


4.2 VEHICLE TOW AND GUIDANCE SYSTEM 


Each test vehicle was towed into the test installation using a steel cable guidance and 


reverse tow system. A steel cable for guiding each test vehicle was tensioned along the path, 


anchored at each end, and threaded through an attachment to the front wheel of the test vehicle. 


An additional steel cable was connected to the test vehicle, passed around a pulley near the 


impact point, through a pulley on the tow vehicle, and then anchored to the ground such that the 


tow vehicle moved away from the test site. A 2:1 speed ratio between the test and tow vehicle 


existed with this system. Just prior to impact with the installation, the test vehicle was released 


and ran unrestrained. The vehicle remained freewheeling (i.e., no steering or braking inputs) 


until it cleared the immediate area of the test site, after which the brakes were activated, if 


needed, to bring the test vehicle to a safe and controlled stop. 


4.3 DATA ACQUISITION SYSTEMS 


4.3.1 Vehicle Instrumentation and Data Processing 


Each test vehicle was instrumented with a self-contained, on-board data acquisition 


system. The signal conditioning and acquisition system is a 16-channel, Tiny Data Acquisition 


System (TDAS) Pro produced by Diversified Technical Systems, Inc. The accelerometers, which 


measure the x, y, and z axis of vehicle acceleration, are strain gauge type with linear millivolt 


output proportional to acceleration. Angular rate sensors, measuring vehicle roll, pitch, and yaw 


rates, are ultra-small, solid state units designed for crash test service. The TDAS Pro hardware 
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and software conform to the latest SAE J211, Instrumentation for Impact Test. Each of the 16 


channels is capable of providing precision amplification, scaling, and filtering based on 


transducer specifications and calibrations. During the test, data are recorded from each channel at 


a rate of 10,000 values per second with a resolution of one part in 65,536. Once data are recorded, 


internal batteries back these up inside the unit should the primary battery cable be severed. Initial 


contact of the pressure switch on the vehicle bumper provides a time zero mark as well as initiates 


the recording process. After each test, the data are downloaded from the TDAS Pro unit into a 


laptop computer at the test site. The Test Risk Assessment Program (TRAP) software then 


processes the raw data to produce detailed reports of the test results.  


 


Each of the TDAS Pro units is returned to the factory annually for complete recalibration 


and all instrumentation used in the vehicle conforms to all specifications outlined by SAE J211. 


All accelerometers are calibrated annually by means of an ENDEVCO 2901, precision primary 


vibration standard. This standard and its support instruments are checked annually and receive a 


National Institute of Standards Technology (NIST) traceable calibration. The rate transducers 


used in the data acquisition system receive a calibration via a Genisco Rate-of-Turn table. The 


subsystems of each data channel are also evaluated annually, using instruments with current 


NIST traceability, and the results are factored into the accuracy of the total data channel, per 


SAE J211. Calibrations and evaluations are also made any time data are suspect. Acceleration 


data is measured with an expanded uncertainty of ±1.7 percent at a confidence factor of 95 


percent (k=2). 


 


TRAP uses the data from the TDAS Pro to compute occupant/compartment impact 


velocities, time of occupant/compartment impact after vehicle impact, and the highest 


10˗millisecond (ms) average ridedown acceleration. TRAP calculates change in vehicle velocity 


at the end of a given impulse period. In addition, maximum average accelerations over 50˗ms 


intervals in each of the three directions are computed. For reporting purposes, the data from the 


vehicle-mounted accelerometers are filtered with a 60-Hz low-pass digital filter, and acceleration 


versus time curves for the longitudinal, lateral, and vertical directions are plotted using TRAP.  


 


TRAP uses the data from the yaw, pitch, and roll rate transducers to compute angular 


displacement in degrees at 0.0001-s intervals, then plots yaw, pitch, and roll versus time. These 


displacements are in reference to the vehicle-fixed coordinate system with the initial position and 


orientation of the vehicle-fixed coordinate systems being initial impact. Rate of rotation data is 


measured with an expanded uncertainty of ±0.7 percent at a confidence factor of 95 percent 


(k=2). 


4.3.2 Anthropomorphic Dummy Instrumentation 


An Alderson Research Laboratories Hybrid II, 50th percentile male anthropomorphic 


dummy, restrained with lap and shoulder belts, was placed in the front seat on the impact side of 


the 1100C vehicle. The dummy was not instrumented.  


According to MASH, use of a dummy in the 2270P vehicle is optional. However, it is 


recommended a dummy be used when testing “any longitudinal barrier with a height greater than 


or equal to 838 mm (33 inches).” Use of the dummy in the 2270P vehicle is recommended for 


tall rails to evaluate the “potential for an occupant to extend out of the vehicle and come into 
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direct contact with the test article.” Although this information is reported, it is not part of the 


impact performance evaluation. Since the rail height of the HV2 Barrier was 900 mm (35.4 


inches), a dummy was placed in the front seat of the 2270P vehicle on the impact side and 


restrained with lap and shoulder belts.  


MASH does not recommend or require use of a dummy in the 10000S vehicle, and a 


dummy was not used in this test.  


4.3.3 Photographic Instrumentation Data Processing 


Photographic coverage for each test included three digital high-speed cameras: 


 One overhead with a field of view perpendicular to the ground and directly over the 


impact point;  


 One placed on the traffic side upstream of vehicle path to capture back slap of 


vehicle; and  


 A third placed to have a field of view parallel to and aligned with the installation at 


the downstream end.  


A flashbulb on each impacting vehicle was activated by a pressure-sensitive tape switch 


to indicate the instant of contact with the HV2 Barrier. The flashbulb was visible from each 


camera. The video files from these digital high-speed cameras were analyzed to observe 


phenomena occurring during the collision and to obtain time-event, displacement, and angular 


data. A digital camera recorded and documented conditions of each test vehicle and the 


installation before and after the test. 
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 MASH TEST 4-10 (CRASH TEST NO. 690900-SFR7) 


5.1 TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS 


MASH Test 4-10 involves an 1100C vehicle weighing 1100 kg ±25 kg (2420 lb ±55 lb) 


impacting the CIP of the HV2 Barrier at an impact speed of 100 km/h (62 mi/h) ±4.0 km/h (2.5 


mi/h) and an angle of 25° ±1.5°. The target CIP for MASH Test 4-10 on the HV2 Barrier was 1.1 


m ±0.3 m (3.6 ft ±1 ft) upstream of the joint between segments 24 and 25.  


The 2010 Kia Rio used in the test weighed 1102 kg (2430 lb), and the actual impact 


speed and angle were 99.1 km/h (61.6 mi/h) and 24.4°, respectively. The actual impact point was 


1.03 m (3.36 ft) upstream of the joint between segments 24 and 25. Minimum target impact 


severity (IS) for MASH Test 4-10 is 69.7 kJ (51 kip-ft), and actual IS for this test was 71 kJ 


(53 kip-ft). 


5.2 WEATHER CONDITIONS 


The test was performed on the morning of January 4, 2018. Weather conditions at the 


time of testing were as follows: wind speed: 3 km/h (2 mi/h); wind direction: 224° (vehicle was 


traveling in a northwesterly direction); temperature: 7°C (44°F); relative humidity: 48%. 


5.3 TEST VEHICLE  


Figures 5.1 and 5.2 show the 2010 Kia Rio used for the crash test. The vehicle’s test 


inertia weight was 1102 kg (2430 lb), and its gross static weight was 1177 kg (2595 lb). The 


height to the lower edge of the vehicle bumper was 197 mm (7.75 inches), and height to the 


upper edge of the bumper was 546 mm (21.5 inches). Table B.1 in Appendix B1 gives additional 


dimensions and information on the vehicle. The vehicle was directed into the installation using a 


cable reverse tow and guidance system, and was released to be freewheeling and unrestrained 


just prior to impact. 


 


  
  


Figure 5.1. HV2 Barrier/Test Vehicle Geometrics for Test No. 690902-SFR7. 
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Figure 5.2. Test Vehicle before Test No. 690902-SFR7. 


5.4 TEST DESCRIPTION 


The test vehicle was traveling at an impact speed of 99.1 km/h (61.6 mi/h) as it contacted 


the HV2 Barrier 1.03 m (3.36 ft) upstream of the joint between segments 24 and 25 at an impact 


angle of 24.4°. Table 5.1 lists events that occurred during Test No. 690902-SFR7. Figures B.1 


and B.2 in Appendix B2 present sequential photographs during the test. 


Table 5.1. Events during Test No. 690902-SFR7. 


TIME (s) EVENTS 


0.0310 Joint 24-25 begins to deflect toward field side 


0.0320 Vehicle begins to redirect 


0.0400 Downstream base of segment 25 begins to deflect toward traffic side 


0.0640 Dummy's head contacts left door glass which shatters 


0.0950 Upstream end of segment 24 begins to deflect toward field side 


0.0950 Downstream end of segment 25 begins to deflect toward field side 


0.1440 Vehicle airborne 


0.1990 Vehicle became parallel with barrier 


0.2330 Rear of vehicle contacts barrier 


0.4380 Left front tire touched ground 


0.4690 
Vehicle loses contact with barrier traveling at 75.7 km/h (47.0 mi/h) and 


an exit angle of 16.1° at a trajectory of 3.5°. 


 


For longitudinal barriers, it is desirable that the vehicle redirects and exits the barrier 


within the exit box criteria (not less than 10 m (32.8 ft) downstream from impact for cars and 


pickups). The 1100C vehicle exited within the exit box criteria defined in MASH. After loss of 


contact with the barrier, the vehicle came to rest 75 m (246 ft) downstream of the impact and 


27 m (90 ft) toward traffic lanes.  
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5.5 DAMAGE TO TEST INSTALLATION 


Figure 5.3 shows the damage to the HV2 Barrier. Table 5.2 notes barrier movement. 


Damage to the barrier was mostly cosmetic in nature with scrapings and tire marks on the traffic 


face. A piece of plastic bumper from the vehicle was caught in the joint between barriers 


segments 24 and 25. Working width was 1.05 m (3.45 ft) at a height of 0.90 m (2.95 ft). 


Maximum dynamic deflection during the test was 0.75 m (2.45 ft), and maximum permanent 


deformation was 0.74 m (2.42 ft).  


  


  


  
 


Figure 5.3. HV2 Barrier after Test No. 690902-SFR7. 
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Table 5.2. Barrier Movement after Test No. 690902-SFR7. 


BARRIER MOVEMENT 


#1-#14 No movement 


#15 3 mm (⅛ inch) downstream 


#16 13 mm (½ inch) downstream 


#17-20 25 mm (1.0 inch) downstream 


Joint 21-22 38 mm (1.5 inches) toward traffic / 25 mm (1.0 inch) downstream 


Joint 22-23 229 mm (9.0 inches) toward field side / 25 mm (1 inch) downstream 


Joint 23-24 584 mm (23.0 inches) toward field side / 25 mm (1 inch) downstream 


Joint 24-25 737 mm (29.0 inches) toward field side / 25 mm (1 inch) downstream 


Joint 25-26 635 mm (25.0 inches) toward field side  


Joint 26-27 330 mm (13.0 inches) toward field side 


#27 25 mm (1.0 inch) upstream 


#28 25 mm (1.0 inch) upstream 


#29-#48 No movement 


5.6 VEHICLE DAMAGE 


Figure 5.4 shows the damage sustained by the vehicle. The front bumper, hood, left front 


fender, left front strut and tower, left front tire and rim, left front door and glass, left rear door, 


left rear quarter panel, and left rear rim were damaged. Maximum exterior crush to the vehicle 


was 203 mm (8.0 inches) in the side plane at the left front corner at bumper height. Maximum 


occupant compartment deformation was 102 mm (4.0 inches) in the left front firewall area. 


Figure 5.5 shows the interior of the vehicle. Tables B.2 and B.3 in Appendix B1 provide exterior 


crush and occupant compartment measurements. 


  
  


Figure 5.4. Test Vehicle after Test No. 690902-SFR7. 
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Before Test After Test 


  


Figure 5.5. Interior of Test Vehicle for Test No. 690902-SFR7. 


5.7 OCCUPANT RISK FACTORS 


Data from the accelerometer, located at the vehicle center of gravity, were digitized for 


evaluation of occupant risk and are shown in Table 5.3. Figure 5.6 summarizes these data and 


other pertinent information from the test. Figure B.3 in Appendix B3 shows the vehicle 


angular displacements, and Figures B.4 through B.9 in Appendix B4 show accelerations 


versus time traces. 


Table 5.3. Occupant Risk Factors for Test No. 690900-SFR7. 


Occupant Risk Factor Value Time 


Occupant Impact Velocity (OIV)    


 Longitudinal 
5.2 m/s 


(17.1 ft/s) 
at 0.0864 s on left side of interior 


 Lateral 
6.2 m/s 


(20.3 ft/s) 


10-ms Occupant Ridedown Accelerations   


 Longitudinal 4.8 g 0.1231 - 0.1331 s 


 Lateral 7.9 g 0.2241 - 0.2341 s 


Theoretical Head Impact Velocity (THIV) 
28.5 km/h 


7.9 m/s 
at 0.0833 s on left side of interior 


Post Head Deceleration (PHD) 8.8 g 0.1238 - 0.1338 s 


Acceleration Severity Index (ASI) 1.78 0.0378 - 0.0878 s 


Maximum 50-ms Moving Average    


 Longitudinal -10.3 g 0.0173 - 0.0673 s 


 Lateral 13.0 g 0.0193 - 0.0693 s 


 Vertical -3.8 g 0.0334 - 0.0834 s 


Maximum Roll, Pitch, and Yaw Angles   


 Roll 15° 0.5171 s 


 Pitch 4° 0.2423 s 


 Yaw 48° 1.5000 s 
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General Information 
 Test Agency .......................  
 Test Standard Test No. ......  
 TTI Test No.  ......................  
 Test Date ...........................  
Test Article 
 Type ..................................  
 Name .................................  
 Installation Length ..............  
 Material or Key Elements ...  
 
 
 
Soil Type and Condition .....  
Test Vehicle 
 Type/Designation ...............  
 Make and Model ................  


  Curb ...................................  
 Test Inertial ........................  
 Dummy ..............................  
 Gross Static .......................  


 
Texas A&M Transportation Institute (TTI) 
MASH Test 4-10 
690902-SFR7 
2017-01-04 
 
Portable Barrier 
HV2 Barrier 
278.4 m (913.4 ft) 
48 barrier units, each 5.8 m (19 ft-⅜ inch) 
in length, connected with proprietary dual 
finger-and-knuckle connector welded into 
the ends 
Concrete Pavement, Damp 
 
1100C 
2010 Kia Rio 
1128 kg (2486 lb) 
1102 kg (2430 lb) 
75 kg (165 lb) 
1177 kg (2595 lb) 


Impact Conditions 
 Speed ...............................  
 Angle ................................  
 Location/Orientation .........  
 
Impact Severity ..................  
Exit Conditions 
 Speed ...............................  
 Angle ................................  
Occupant Risk Values 
 Longitudinal OIV ...............  
 Lateral OIV .......................  


  Longitudinal Ridedown .....  
 Lateral Ridedown .............  
 THIV .................................  
 PHD .................................  
 ASI ...................................  
Max. 0.050-s Average  
  Longitudinal ...................  
  Lateral ...........................  
  Vertical ..........................  


 
99.1 km/h (61.6 mi/h) 
24.4° 
1.03 m (3.36 ft) 
upstream of joint 24-25 
71 kJ (53 kip-ft) 
 
75.7 km/h (47.0 mi/h) 
16.1° 
 
5.2 m/s (17.1 ft/s) 
6.2 m/s (20.3 ft/s) 
4.8 g 
7.9 g 
28.5 km/h 
8.8 g 
1.78 
 
-10.3 g 
13.0 g 
-3.8 g 
 


Post-Impact Trajectory 
 Stopping Distance ....................  
 
Vehicle Stability 


  Maximum Yaw Angle ................  
 Maximum Pitch Angle ...............  
 Maximum Roll Angle .................  
 Vehicle Snagging......................  
 Vehicle Pocketing .....................  
Test Article Deflections 
 Dynamic ...................................  
 Permanent ................................  
 Working Width ..........................  
 Height of Working Width ...........  
Vehicle Damage 
 VDS ..........................................  
 CDC .........................................  
 Max. Exterior Deformation ........  
 OCDI ........................................  
 Max. Occupant Compartment  
  Deformation ...........................  


 
75 m (246 ft) dwnstrm 
27 m (90 ft) twd traffic 
 
48° 
4° 
15° 
Slight 
No 
 
0.75 m (2.45 ft) 
0.74 m (2.42 ft) 
1.05 m (3.45 ft) 
0.90 m (2.95 ft) 
 
11LFQ5 
11FLEW4 
203 mm (8.0 inches) 
LF0020000 
 
102 mm (4.0 inches) 
 


Figure 5.6. Summary of Results for MASH Test 4-10 on HV2 Barrier. 
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 MASH TEST 4-11 (CRASH TEST NO. 690900-SFR6) 


6.1 TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS 


MASH Test 4-11 involves a 2270P vehicle weighing 2270 kg ±50 kg (5000 lb ±110 lb) 


impacting the CIP of the HV2 Barrier at an impact speed of 100 km/h ±4.0 km/h (62 mi/h) ±2.5 


mi/h) and an angle of 25° ±1.5°. The target CIP for MASH Test 4-11 on the HV2 Barrier was 1.3 


m ±0.3 m (4.3 ft ±1 ft) upstream of the joint between segments 24 and 25.  


The 2012 Dodge RAM 1500 used in the test weighed 2275 kg (5015 lb), and the actual 


impact speed and angle were 101.5 km/h (63.1 mi/h) and 25.0°, respectively. The actual impact 


point was 1.34 m (4.41 ft) upstream of the joint between segments 24 and 25. Minimum target IS 


for MASH Test 4-11 is 144 kJ (106 kip-ft), and actual IS for this test was 162 kJ (119 kip-ft). 


6.2 WEATHER CONDITIONS 


The test was performed on the morning of January 3, 2018. Weather conditions at the 


time of testing were as follows: wind speed: 8 km/h (5 mi/h); wind direction: 337° (vehicle was 


traveling in a northwesterly direction); temperature: 2°C (35°F); relative humidity: 57%. 


6.3 TEST VEHICLE  


Figures 6.1 and 6.2 show the 2012 Dodge RAM 1500 pickup truck used for the crash test. 


The vehicle’s test inertia weight was 2275 kg (5015 lb), and its gross static weight was 2350 kg 


(5180 lb). The height to the lower edge of the vehicle bumper was 298 mm (11.75 inches), and 


height to the upper edge of the bumper was 686 mm (27.0 inches). The height to the vehicle’s 


center of gravity was 737 mm (29.0 inches). Tables C.1 and C.2 in Appendix C1 give additional 


dimensions and information on the vehicle. The vehicle was directed into the installation using a 


cable reverse tow and guidance system, and was released to be freewheeling and unrestrained 


just prior to impact. 


 


  
  


Figure 6.1. HV2 Barrier/Test Vehicle Geometrics for Test No. 690902-SFR6. 
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Figure 6.2. Test Vehicle before Test No. 690902-SFR6. 


6.4 TEST DESCRIPTION 


The test vehicle contacted the HV2 Barrier 1.34 m (4.41 ft) upstream of the joint between 


segments 24 and 25 at an impact angle of 25.0° while traveling at an impact speed of 101.5 km/h 


(63.1 mi/h). Table 6.1 lists events that occurred during Test No. 690902-SFR6. Figures C.1 and 


C.2 in Appendix C2 present sequential photographs during the test. 


Table 6.1. Events during Test No. 690902-SFR6. 


TIME (s) EVENTS 


0.0230 Joint 24-25 begins to deflect toward field side 


0.0340 Downstream base of 25 begins to deflect toward traffic lanes 


0.039 Vehicle begins to redirect 


0.0580 Upstream base of 24 begins to deflect toward field side 


0.0770 Left front tire blew out 


0.1020 Downstream base of 25 begins to deflect toward field side 


0.1190 Upstream base of 23 begins to deflect toward field side 


0.1300 Upstream base of 26 begins to deflect toward field side 


0.2240 Vehicle becomes parallel with barrier 


0.2400 Rear of vehicle contacts barrier 


0.2740 Vehicle airborne 


0.4950 
Vehicle loses contact with barrier traveling at 87.3 km/h (54.2 mi/h) and 


an exit angle of 10° and exit trajectory of 29.9° 


0.5310 Left front tire contacts ground 


 


For longitudinal barriers, it is desirable that the vehicle redirects and exits the barrier 


within the exit box criteria (not less than 10 m (32.8 ft) downstream from impact for cars and 


pickups). The 2270P vehicle exited within the exit box criteria defined in MASH and 


subsequently came to rest 134 m (440 ft) downstream of the impact. 
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6.5 DAMAGE TO TEST INSTALLATION 


Figures 6.3 through 6.5 show the damage to the HV2 Barrier. Table 6.2 notes barrier 


movement. The traffic face of the barrier received scrapings and tire marks. Barrier #25 was 


deformed mid-height on the upstream end by contact with some component of the vehicle. 


Working width was 1.81 m (5.94 ft) at a height of 0.90 m (2.95 ft). Maximum dynamic 


deflection during the test was 1.47 m (4.83 ft), and maximum permanent deformation was 


1.47 m (4.83 ft).  


  


  
 


Figure 6.3. Overall Damage to HV2 Barrier after Test No. 690902-SFR6. 
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Figure 6.4. Damage to Barrier in Impact Region after Test No. 690902-SFR6. 


 


  


  
 


Figure 6.5. Damage to Barrier in Secondary Impact Region after Test No. 690902-SFR6. 
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Table 6.2. Barrier Movement after Test No. 690902-SFR6. 


BARRIER MOVEMENT 


#1-#3 25 mm (1.0 inch) downstream 


#4-#20 51 mm (2.0 inches) downstream 


Joint 20-21 76 mm (3.0 inches) toward traffic / 51 mm (2.0 inches) downstream 


Joint 21-22 178 mm (7.0 inches) toward field side / 70 mm (2.75 inches) downstream 


Joint 22-23 711 mm (28.0 inches) toward field side / 51 mm (2.0 inches) downstream 


Joint 23-24 1168 mm (46.0 inches) toward field side 


Joint 24-25 1473 mm (58.0 inches) toward field side 


Joint 25-26 1194 mm (47.0 inches) toward field side 


Joint 26-27 914 mm (36.0 inches) toward field side 


Joint 27-28 686 mm (27.0 inches) toward field side 


Joint 28-29 216 mm (8.5 inches) toward field side 


#30-#32 38 mm (1.5 inches) upstream 


#33-#36 25 mm (1.0 inch) upstream 


#37 38 mm (1.5 inches) upstream 


#38-#47 25 mm (1.0 inch) upstream 


#48 38 mm (1.5 inches) upstream 


6.6 VEHICLE DAMAGE 


Figure 6.6 shows the damage sustained by the vehicle. The front bumper, grill, left front 


fender, left front tire and rim, left front tie rod end, left upper and lower A-arms, radiator support, 


left front and rear doors, left rear exterior bed, left rear rim, and rear bumper were damaged. 


Maximum exterior crush to the vehicle was 305 mm (12.0 inches) in the front plane at the left 


front corner at bumper height. Maximum occupant compartment deformation was 140 mm 


(5.5 inches) in the left front firewall area. Figure 6.7 shows the interior of the vehicle. Tables C.3 


and C.4 in Appendix C1 provide exterior crush and occupant compartment measurements. 


  
  


Figure 6.6. Test Vehicle after Test No. 690902-SFR6. 
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Before Test After Test 


  


Figure 6.7. Interior of Test Vehicle for Test No. 690902-SFR6. 


6.7 OCCUPANT RISK FACTORS 


Data from the accelerometer, located at the vehicle center of gravity, were digitized for 


evaluation of occupant risk and are shown in Table 6.3. Figure 6.8 summarizes these data and 


other pertinent information from the test. Figure C.3 in Appendix C3 shows the vehicle 


angular displacements, and Figures C.4 through C.9 in Appendix C4 show accelerations 


versus time traces. 


Table 6.3. Occupant Risk Factors for Test No. 690900-SFR6. 


Occupant Risk Factor Value Time 


OIV    


 Longitudinal 
4.1 m/s 


(13.4 ft/s) 
at 0.1201 s on left side of interior 


 Lateral 
4.8 m/s 


(15.8 ft/s) 


10-ms Occupant Ridedown Accelerations   


 Longitudinal 5.0 g 0.1425 - 0.1525 s 


 Lateral 10.3 g 0.2419 - 0.2519 s 


THIV 
22.7 km/h 


6.3 m/s 
at 0.1151 s on left side of interior 


PHD 10.5 g 0.2419 - 0.2519 s 


ASI 1.17 0.0571 - 0.1071 s 


Maximum 50-ms Moving Average    


 Longitudinal -6.9 g 0.0323 - 0.0823 s 


 Lateral 9.2 g 0.0322 - 0.0822 s 


 Vertical -3.4 g 0.6570 - 0.7070 s 


Maximum Roll, Pitch, and Yaw Angles   


 Roll 14° 0.6029 s 


 Pitch 6° 0.6717 s 


 Yaw 33° 0.5360 s 
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General Information 
 Test Agency .......................  
 Test Standard Test No. ......  
 TTI Test No.  ......................  
 Test Date ...........................  
Test Article 
 Type ..................................  
 Name .................................  
 Installation Length ..............  
 Material or Key Elements ...  
 
 
 
Soil Type and Condition .....  
Test Vehicle 
 Type/Designation ...............  
 Make and Model ................  


  Curb ...................................  
 Test Inertial ........................  
 Dummy ..............................  
 Gross Static .......................  


 
Texas A&M Transportation Institute (TTI) 
MASH Test 4-11 
690902-SFR6 
2017-01-03 
 
Portable Barrier 
HV2 Barrier 
278.4 m (913.4 ft) 
48 barrier units, each 5.8 mm (19 ft-⅜ 
inch) in length, connected with 
proprietary dual finger-and-knuckle 
connector welded into the ends 
Concrete Pavement, Damp 
 
2270P 
2012 Dodge RAM 1500 Pickup 
2218 kg (4890 lb) 
2275 kg (5015 lb) 
75 kg (165 lb) 
2350 kg (5180 lb) 


Impact Conditions 
 Speed ...............................  
 Angle ................................  
 Location/Orientation .........  
 
Impact Severity ..................  
Exit Conditions 
 Speed, est’d .....................  
 Angle, est’d ......................  
Occupant Risk Values 
 Longitudinal OIV ...............  
 Lateral OIV .......................  


  Longitudinal Ridedown .....  
 Lateral Ridedown .............  
 THIV .................................  
 PHD .................................  
 ASI ...................................  
Max. 0.050-s Average  
  Longitudinal ...................  
  Lateral ...........................  
  Vertical ..........................  


 
101.5 km/h (63.1 mi/h) 
25.0° 
1.34 m (4.41 ft) 
upstream of joint 24-25 
144 kJ (106 kip-ft) 
 
87 km/h (54 mi/h 
Out of view (~10°) 
 
4.1 m/s (13.4 ft/s) 
4.8 m/s (15.8 ft/s) 
5.0 g 
10.3 g 
22.7 km/h 
10.5 g 
1.17 
 
-6.9 g 
9.2 g 
-3.8 g 
 


Post-Impact Trajectory 
 Stopping Distance ....................  
 
Vehicle Stability 


  Maximum Yaw Angle ................  
 Maximum Pitch Angle ...............  
 Maximum Roll Angle .................  
 Vehicle Snagging......................  
 Vehicle Pocketing .....................  
Test Article Deflections 
 Dynamic ...................................  
 Permanent ................................  
 Working Width ..........................  
 Height of Working Width ...........  
Vehicle Damage 
 VDS ..........................................  
 CDC .........................................  
 Max. Exterior Deformation ........  
 OCDI ........................................  
 Max. Occupant Compartment  
  Deformation ...........................  


 
134 m (440 ft) 
downstream 
 
33° 
6° 
14° 
Minimal 
No 
 
1.47 m (4.83 ft) 
1.47 m (4.83 ft) 
1.81 m (5.94 ft)  
0.90 m (2.95 ft) 
 
11LFQ5 
11FLEW4 
305 mm (12.0 inches) 
LF0030000 
 
140 mm (5.5 inches) 
 


Figure 6.8. Summary of Results for MASH Test 4-11 on HV2 Barrier.
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 MASH TEST 4-12 (CRASH TEST NO. 690900-SFR8) 


7.1 TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS 


MASH Test 4-12 involves a 10000S vehicle weighing 10000 kg ±300 kg (22,046 lb 


±660 lb) impacting the CIP of the HV2 Barrier at an impact speed of 90 km/h ±4.0 km/h 


(56 mi/h ±2.5 mi/h) and an angle of 15° ±1.5°. The target CIP for MASH Test 4-12 on the HV2 


Barrier was 1.5 m ±0.3 m (4.9 ft ±1 ft) upstream of the joint between segments 24 and 25.  


The 2007 Freightliner single-unit box-van truck used in the test weighed 10 074 kg 


(22,210 lb), and the actual impact speed and angle were 91.6 km/h (56.9 mi/h) and 15.3°, 


respectively. The actual impact point was 1.70 m (5.58 ft) upstream of the joint between 


segments 24 and 25. Minimum target IS for MASH Test 4-12 is 193 kJ (142 kip-ft), and actual IS 


for this test was 227 kJ (167 kip-ft). 


7.2 WEATHER CONDITIONS 


The test was performed on the morning of January 5, 2018. Weather conditions at the 


time of testing were as follows: wind speed: 8 km/h (5 mi/h); wind direction: 150° (vehicle was 


traveling in a northwesterly direction); temperature: 11°C (52°F); relative humidity: 47%. 


7.3 TEST VEHICLE  


Figures 7.1 and 7.2 show the 2007 Freightliner single-unit box-van truck used for the 


crash test. The vehicle’s test inertia weight was 10 074 kg (22,210 lb), and its gross static weight 


was 10 074 kg (22,210 lb). The height to the lower edge of the vehicle bumper was 356 mm 


(14.0 inches), and height to the upper edge of the bumper was 737 mm (29.0 inches). The height 


to the center of gravity of the ballast was 1600 mm (63.0 inches). Table D.1 in Appendix D1 


gives additional dimensions and information on the vehicle. The vehicle was directed into the 


installation using a cable reverse tow and guidance system, and was released to be freewheeling 


and unrestrained just prior to impact. 


 


  
  


Figure 7.1. HV2 Barrier/Test Vehicle Geometrics for Test No. 690902-SFR8. 
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Figure 7.2. Test Vehicle before Test No. 690902-SFR8. 


7.4 TEST DESCRIPTION 


The test vehicle contacted the HV2 Barrier 1.70 m (5.58 ft) upstream of the joint between 


segments 24 and 25 at an impact angle of 15.3° while traveling at an impact speed of 91.6 km/h 


(56.9 mi/h). Table 7.1 lists events that occurred during Test No. 690902-SFR8. Figures D.1 and 


D.2 in Appendix D2 present sequential photographs during the test. 


Table 7.1. Events during Test No. 690902-SFR8. 


TIME (s) EVENTS 


0.0050 Joint 24-25 begins to deflect toward field side 


0.0370 Downstream end of segment 25 begins to deflect toward traffic side 


0.0390 Cab of vehicle begins to redirect 


0.1050 Downstream end of segment 25 begins to deflect toward field side 


0.1110 Upstream end of segment 24 begins to deflect toward field side 


0.3720 Rear of box contacts barrier 


0.3790 Vehicle traveling parallel with barrier 


 


For longitudinal barriers, it is desirable that the vehicle redirects and exits the barrier 


within the exit box criteria (not less than 20 m (65.6 ft) downstream from impact for heavy 


vehicles). The 10000S vehicle exited within the exit box criteria defined in MASH and 


subsequently came to rest 128 m (419 ft) downstream of the impact and 3.7 m (12 ft) toward 


traffic lanes. 


7.5 DAMAGE TO TEST INSTALLATION 


Figures 7.3 through 7.5 show the damage to the HV2 Barrier. Table 7.2 notes barrier 


movement. The traffic face of the barrier received scrapings and tire marks. Barrier #24 


sustained tearing on the traffic face due to contact with the lug nuts on the vehicle’s wheel. 


Working width was 3.74 m (12.28 ft) at a height of 4.08 m (13.40 ft). Maximum dynamic 


deflection during the test was 2.37 m (7.77 ft), and maximum permanent deformation was 


2.11 m (6.92 ft).  
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Figure 7.3. Overall Damage to HV2 Barrier after Test No. 690902-SFR8. 


 


  


  


  
 


Figure 7.4. Damage to Barrier in Impact Region after Test No. 690902-SFR8. 







 


TR No. 690902-SFR6-8 30 2018-05-30 


Table 7.2. Barrier Movement after Test No. 690902-SFR8. 


BARRIER MOVEMENT 


#1-#19 64 mm (2.5 inches) downstream 


Joint 19-20 76 mm (3.0 inches) downstream 


Joint 20-21 152 mm (6.0 inches) toward traffic / 76 mm (3.0 inches) downstream 


Joint 21-22 406 mm (16.0 inches) toward field side  


Joint 22-23 711 mm (28.0 inches) toward field side  


Joint 23-24 1143 mm (45.0 inches) toward field side 


Joint 24-25 1676 mm (66.0 inches) toward field side 


Joint 25-26 1981 mm (78.0 inches) toward field side 


Joint 26-27 2108 mm (83.0 inches) toward field side 


Joint 27-28 1981 mm (78.0 inches) toward field side 


Joint 28-29 1905 mm (75.0 inches) toward field side 


Joint 29-30 1753 mm (69.0 inches) toward field side 


Joint 30-31 1549 mm (61.0 inches) toward field side 


Joint 31-32 1092 mm (43.0 inches) toward field side 


Joint 32-33 660 mm (26.0 inches) toward field side 


Joint 33-34 76 mm (3.0 inches) toward field side / 76 mm (3.0 inches) upstream 


Joint 34-35 127 mm (5.0 inches) toward traffic / 51 mm (2.0 inches) upstream 


#36&#37 51 mm (2.0 inches) upstream 


Joint 37-38 203 mm (8.0 inches) toward field side / 51 mm (2.0 inches) upstream 


Joint 38-39 356 mm (14.0 inches) toward field side / 51 mm (2.0 inches) upstream 


Joint 39-40 279 mm (11.0 inches) toward field side / 51 mm (2.0 inches) upstream 


Joint 40-41 51 mm (2.0 inches) toward field side / 51 mm (2.0 inches) upstream 


#41-#48 51 mm (2.0 inches) upstream 


7.6 VEHICLE DAMAGE 


Figure 7.5 shows the damage sustained by the vehicle. The front bumper and hood were 


deformed, and the left front tire was pulled off the rim, and the rim and front axle were damaged. 


The left rear exterior tire and rim were scuffed. Maximum exterior crush to the vehicle was 


406 mm (16.0 inches) in the side plane at the left front corner at bumper height. Figure 7.6 shows 


the interior of the vehicle.  


7.7 OCCUPANT RISK FACTORS 


Occupant risk factors are not required for MASH Test 4-12.  However, data from the 


accelerometer, located at the vehicle center of gravity, were digitized for information purposes 


only and are shown in Table 7.3. Figure 7.7 summarizes these data and other pertinent 


information from the test. Figure D.3 in Appendix D3 shows the vehicle angular 


displacements, and Figures D.4 through D.9 in Appendix D4 show accelerations versus time 


traces. 
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Figure 7.5. Test Vehicle after Test No. 690902-SFR8. 


 


  
Before Test After Test 


  


Figure 7.6. Interior of Test Vehicle for Test No. 690902-SFR8. 
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Table 7.3. Occupant Risk Factors for Test No. 690900-SFR8. 


Occupant Risk Factor Value Time 


OIV    


 Longitudinal 
1.6 m/s 


(5.2 ft/s) 
at 0.2606 s on left side of interior 


 Lateral 
2.0 m/s 


(6.6 ft/s) 


10-ms Occupant Ridedown Accelerations   


 Longitudinal 2.0 g 0.5932 - 0.6032 s 


 Lateral 4.0 g 0.9728 - 0.9828 s 


THIV 
9.4 km/h 


2.6 m/s 
at 0.2450 s on left side of interior 


PHD 4.0 g 0.9728 - 0.9828 s 


ASI 0.39 0.5598 - 0.6098 s 


Maximum 50-ms Moving Average    


 Longitudinal -1.5 g 0.0024 - 0.0524 s 


 Lateral 2.5 g 0.5429 - 0.5929 s 


 Vertical -3.1 g 0.5362 - 0.5862 s 


Maximum Roll, Pitch, and Yaw Angles   


 Roll 16° 0.8691 s 


 Pitch 6° 1.7615 s 


 Yaw 29° 1.1037 s 
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General Information 
 Test Agency .......................  
 Test Standard Test No. ......  
 TTI Test No.  ......................  
 Test Date ...........................  
Test Article 
 Type ..................................  
 Name .................................  
 Installation Length ..............  
 Material or Key Elements ...  
 
 
 
Soil Type and Condition .....  
Test Vehicle 
 Type/Designation ...............  
 Make and Model ................  


  Curb ...................................  
 Test Inertial ........................  
 Dummy ..............................  
 Gross Static .......................  


 
Texas A&M Transportation Institute (TTI) 
MASH Test 4-12 
690902-SFR8 
2017-01-05 
 
Portable Barrier 
HV2 Barrier 
278.4 m (913.4 ft) 
48 barrier units, each 5.8 m  
(19 ft-⅜ inch) in length, connected with 
proprietary dual finger-and-knuckle 
connector welded into the ends 
Concrete Pavement, Damp 
 
10000S 
2007 Freightliner M2106 
6169 kg (13,600 lb) 
10 074 kg (22,210 lb) 
No dummy 
10 074 kg (22,210 lb) 


Impact Conditions 
 Speed ...............................  
 Angle ................................  
 Location/Orientation .........  
 
Impact Severity ..................  
Exit Conditions 
 Speed ...............................  
 Angle ................................  
Occupant Risk Values 
 Longitudinal OIV ...............  
 Lateral OIV .......................  


  Longitudinal Ridedown .....  
 Lateral Ridedown .............  
 THIV .................................  
 PHD .................................  
 ASI ...................................  
Max. 0.050-s Average  
  Longitudinal ...................  
  Lateral ...........................  
  Vertical ..........................  


 
91.6 km/h (56.9 mi/h) 
15.3° 
1.70 m (5.58 ft) 
upstream of joint 24-25 
227 kJ (167 kip-ft) 
 
Out of view 
Out of view 
 
1.6 m/s (5.2 ft/s) 
2.0 m/s (6.6 ft/s) 
2.0 g 
4.0 g 
9.4 km/h 
4.0 g 
0.39 
 
-1.5 g 
2.5 g 
-3.1 g 
 


Post-Impact Trajectory 
 Stopping Distance ....................  
 
Vehicle Stability 


  Maximum Yaw Angle ................  
 Maximum Pitch Angle ...............  
 Maximum Roll Angle .................  
 Vehicle Snagging......................  
 Vehicle Pocketing .....................  
Test Article Deflections 
 Dynamic ...................................  
 Permanent ................................  
 Working Width ..........................  
 Height of Working Width ...........  
Vehicle Damage 
 VDS ..........................................  
 CDC .........................................  
 Max. Exterior Deformation ........  
 OCDI ........................................  
 Max. Occupant Compartment  
  Deformation ...........................  


 
128 m (419 ft) dwnstrm 
3.7 m (12 ft) twd traffic 
 
29° 
6° 
16° 
No 
No 
 
2.37 m (7.77 ft) 
2.11 m (6.92 ft) 
3.74 m (12.28 ft) 
4.08 m (13.40 ft) 
 
NA 
NA 
406 mm (16.0 inches) 
NA 
 
None 
 


Figure 7.7. Summary of Results for MASH Test 4-12 on HV2 Barrier.
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 SUMMARY AND CONCLUSIONS 


8.1 ASSESSMENT OF TEST RESULTS 


An assessment of each test based on the applicable safety evaluation criteria for MASH 


TL-4 crash tests for longitudinal barriers is provided in Tables 8.1 through 8.3.  


8.2 CONCLUSIONS 


Table 8.4 shows the HV2 Barrier performed acceptably according to MASH TL-4 


evaluation criteria for longitudinal barriers. 
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Table 8.1. Performance Evaluation Summary for MASH Test 4-10 on HV2 Barrier. 


Test Agency: Texas A&M Transportation Institute Test No.: 690902-SFR7   Test Date: 2018-01-04 


MASH Test 4-10 Evaluation Criteria Test Results Assessment 


Structural Adequacy   


A. 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. 


The HV2 Barrier contained and redirected the 


1100C vehicle. The vehicle did not penetrate, 


underride, or override the installation. Maximum 


dynamic deflection during the test was 0.75 m 


(2.45 ft). 


Pass 


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 


an undue hazard to other traffic, pedestrians, or 


personnel in a work zone.  


No detached elements, fragments, or other debris 


were present to penetrate or show potential for 


penetrating the occupant compartment, or to 


present undue hazard to others in the area. 
Pass 


Deformations of, or intrusions into, the occupant 


compartment should not exceed limits set forth in 


Section 5.2.2 and Appendix E of MASH. 


Maximum occupant compartment deformation 


was 102 mm (4.0 inches). 


F. The vehicle should remain upright during and after 


collision. The maximum roll and pitch angles are not 


to exceed 75 degrees. 


The 1100C vehicle remained upright during and 


after the collision event. Maximum roll and pitch 


angles were 15° and 4°, respectively. 


Pass 


H. Occupant impact velocities (OIV) should satisfy the 


following limits: Preferred value of 30 ft/s, or 


maximum allowable value of 40 ft/s. 


Longitudinal OIV was 5.2 m/s (17.1 ft/s), and 


lateral OIV was 6.2 m/s (20.3 ft/s). Pass 


I. The occupant ridedown accelerations should satisfy 


the following limits: Preferred value of 15.0 g, or 


maximum allowable value of 20.49 g. 


Maximum 10-ms longitudinal occupant 


ridedown acceleration was 4.8 g, and maximum 


10-ms occupant lateral ridedown was 7.9 g. 


Pass 
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Table 8.2. Performance Evaluation Summary for MASH Test 4-11 on HV2 Barrier. 


Test Agency: Texas A&M Transportation Institute Test No.: 690902-SFR6   Test Date: 2018-01-03 


MASH Test 4-11 Evaluation Criteria Test Results Assessment 


Structural Adequacy   


A. 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. 


The HV2 Barrier contained and redirected the 


2270P vehicle. The vehicle did not penetrate, 


underride, or override the installation. Maximum 


dynamic deflection during the test was 1.47 m 


(4.83 ft). 


Pass 


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 


an undue hazard to other traffic, pedestrians, or 


personnel in a work zone.  


No detached elements, fragments, or other debris 


were present to penetrate or show potential for 


penetrating the occupant compartment, or to 


present undue hazard to others in the area. 
Pass 


Deformations of, or intrusions into, the occupant 


compartment should not exceed limits set forth in 


Section 5.2.2 and Appendix E of MASH. 


Maximum occupant compartment deformation 


was 140 mm (5.5 inches) in the left front firewall 


area. 


F. The vehicle should remain upright during and after 


collision. The maximum roll and pitch angles are not 


to exceed 75 degrees. 


The 2270P vehicle remained upright during and 


after the collision event. Maximum roll and pitch 


angles were 14° and 6°, respectively. 


Pass 


H. Occupant impact velocities (OIV) should satisfy the 


following limits: Preferred value of 30 ft/s, or 


maximum allowable value of 40 ft/s. 


Longitudinal OIV was 4.1 m/s (13.4 ft/s), and 


lateral OIV was 4.8 m/s (15.8 ft/s).  Pass 


I. The occupant ridedown accelerations should satisfy 


the following limits: Preferred value of 15.0 g, or 


maximum allowable value of 20.49 g. 


Maximum 10-ms longitudinal occupant 


ridedown acceleration was 5.0 g, and maximum 


10-ms occupant lateral ridedown was 10.3 g. 


Pass 
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Table 8.3. Performance Evaluation Summary for MASH Test 4-12 on HV2 Barrier. 


Test Agency: Texas A&M Transportation Institute Test No.: 690902-SFR8   Test Date: 2018-01-05 


MASH Test 4-12 Evaluation Criteria Test Results Assessment 


Structural Adequacy   


A. 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. 


The HV2 Barrier contained and redirected the 


10000S vehicle. The vehicle did not penetrate, 


underride, or override the installation. Maximum 


dynamic deflection during the test was 2.37 m 


(7.77 ft). 


Pass 


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 


an undue hazard to other traffic, pedestrians, or 


personnel in a work zone.  


No detached elements, fragments, or other debris 


were present to penetrate or show potential for 


penetrating the occupant compartment, or to 


present undue hazard to others in the area. Pass 


 


Deformations of, or intrusions into, the occupant 


compartment should not exceed limits set forth in 


Section 5.2.2 and Appendix E of MASH. 


No occupant compartment deformation or 


intrusion occurred. 


G. It is preferable, although not essential, that the vehicle 


remain upright during and after collision. 


The 10000S vehicle remained upright during and 


after the collision event. Maximum roll and pitch 


angles were 16° and 6°, respectively. 


Pass 
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Table 8.4. Assessment Summary for MASH TL-4 Longitudinal Barrier Tests on HV2 


Barrier. 


 


Evaluation  


Factors 


Evaluation  


Criteria 


Test No. 


690902-SFR7 


Test No. 


690902-SFR6 


Test No. 


690902-SFR8 


Structural  


Adequacy 
A S S S 


Occupant  


Risk 


D S S S 


F S S N/A 


G N/A N/A S 


H S S N/A 


I S S N/A 


Test No. 
MASH Test  


4-10 


MASH Test  


4-11 


MASH Test  


4-12 


Pass/Fail Pass Pass Pass 


S = Satisfactory 


U = Unsatisfactory 


N/A = Not Applicable 
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APPENIDX B. MASH TEST 4-10 (CRASH TEST NO. 690902-SFR7) 


B1 VEHICLE PROPERTIES AND INFORMATION 


Table B.1. Vehicle Properties for Test No. 690902-SFR7. 
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Table B.2. Exterior Crush Measurements for Test No. 690902-SFR7. 
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Table B.3. Occupant Compartment Measurements for Test No. 690902-SFR7. 
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B2 SEQUENTIAL PHOTOGRAPHS 


 0.000 s  
   


 0.050 s  
   


 0.100 s  
   


 0.150 s  
   


Figure B.1. Sequential Photographs for Test No. 690902-SFR7 (Overhead and Frontal Views). 
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 0.200 s  
   


 0.300 s  
   


 0.400 s  
   


 0.500 s  
   


Figure B.1. Sequential Photographs for Test No. 690902-SFR7 (Overhead and Frontal Views) 


(Continued). 
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0.000 s  0.200 s 


   
0.050 s  0.300 s 


   
0.100 s  0.400 s 


   
0.150 s 


 
0.500 s 


Figure B.2. Sequential Photographs for Test No. 690902-SFR7 (Rear View). 
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Figure B.3. Vehicle Angular Displacements for Test No. 690902-SFR7. 


  


Axes are vehicle-fixed.  
Sequence for determining 
orientation: 


1. Yaw. 
2. Pitch. 


3. Roll. 


Test Number:  690902-SFR7 
Test Standard Test Number:  MASH Test 4-10 
Test Article:  HV2 Barrier 
Test Vehicle:  2010 Kia Rio 
Inertial Mass:  1102 kg (2430 lb) 
Gross Mass:  1177 kg (2595 lb) 
Impact Speed:  99.1 km/h (61.6 mi/h) 
Impact Angle:  24.4° 







T
R


 N
o
. 6


9
0
9
0
2
-S


F
R


6
-8


  
6
8
 


2
0
1
8
-0


5
-3


0
 


 


 


 


B
4


 
V


E
H


IC
L


E
 A


C
C


E
L


E
R


A
T


IO
N


S
 


X Acceleration at CG


0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
-40


-30


-20


-10


0


10


Time (s)


L
o


n
g


it
u


d
in


a
l 


A
c


c
e


le
ra


ti
o


n
 (


g
)


Time of OIV (0.0864 sec) SAE Class 60 Filter 50-msec average


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Figure B.4. Vehicle Longitudinal Accelerometer Trace for Test No. 690902-SFR7 


(Accelerometer Located at Center of Gravity). 


Test Number:  690902-SFR7 
Test Standard Test Number:  MASH Test 4-10 
Test Article:  HV2 Barrier 
Test Vehicle:  2010 Kia Rio 
Inertial Mass:  1102 kg (2430 lb) 
Gross Mass:  1177 kg (2595 lb) 
Impact Speed:  99.1 km/h (61.6 mi/h) 
Impact Angle:  24.4° 







T
R


 N
o
. 6


9
0
9
0
2
-S


F
R


6
-8


  
6
9
 


2
0
1
8
-0


5
-3


0
 


 


 


 


Y Acceleration at CG
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Figure B.5. Vehicle Lateral Accelerometer Trace for Test No. 690902-SFR7 


(Accelerometer Located at Center of Gravity). 


Test Number:  690902-SFR7 
Test Standard Test Number:  MASH Test 4-10 
Test Article:  HV2 Barrier 
Test Vehicle:  2010 Kia Rio 
Inertial Mass:  1102 kg (2430 lb) 
Gross Mass:  1177 kg (2595 lb) 
Impact Speed:  99.1 km/h (61.6 mi/h) 
Impact Angle:  24.4° 
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Figure B.6. Vehicle Vertical Accelerometer Trace for Test No. 690902-SFR7 


(Accelerometer Located at Center of Gravity). 


Test Number:  690902-SFR7 
Test Standard Test Number:  MASH Test 4-10 
Test Article:  HV2 Barrier 
Test Vehicle:  2010 Kia Rio 
Inertial Mass:  1102 kg (2430 lb) 
Gross Mass:  1177 kg (2595 lb) 
Impact Speed:  99.1 km/h (61.6 mi/h) 
Impact Angle:  24.4° 
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Figure B.7. Vehicle Longitudinal Accelerometer Trace for Test No. 690902-SFR7 


(Accelerometer Located Rear of Center of Gravity). 


Test Number:  690902-SFR7 
Test Standard Test Number:  MASH Test 4-10 
Test Article:  HV2 Barrier 
Test Vehicle:  2010 Kia Rio 
Inertial Mass:  1102 kg (2430 lb) 
Gross Mass:  1177 kg (2595 lb) 
Impact Speed:  99.1 km/h (61.6 mi/h) 
Impact Angle:  24.4° 
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Figure B.8. Vehicle Lateral Accelerometer Trace for Test No. 690902-SFR7 


(Accelerometer Located Rear of Center of Gravity). 


Test Number:  690902-SFR7 
Test Standard Test Number:  MASH Test 4-10 
Test Article:  HV2 Barrier 
Test Vehicle:  2010 Kia Rio 
Inertial Mass:  1102 kg (2430 lb) 
Gross Mass:  1177 kg (2595 lb) 
Impact Speed:  99.1 km/h (61.6 mi/h) 
Impact Angle:  24.4° 
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Figure B.9. Vehicle Vertical Accelerometer Trace for Test No. 690902-SFR7  


(Accelerometer Located Rear of Center of Gravity).


Test Number:  690902-SFR7 
Test Standard Test Number:  MASH Test 4-10 
Test Article:  HV2 Barrier 
Test Vehicle:  2010 Kia Rio 
Inertial Mass:  1102 kg (2430 lb) 
Gross Mass:  1177 kg (2595 lb) 
Impact Speed:  99.1 km/h (61.6 mi/h) 
Impact Angle:  24.4° 
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APPENIDX C. MASH TEST 4-11 (CRASH TEST NO. 690902-SFR6) 


C1 VEHICLE PROPERTIES AND INFORMATION 


Table C.1. Vehicle Properties for Test No. 690902-SFR6. 
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Table C.2. Measurements of Vehicle Vertical CG for Test No. 690902-SFR6. 
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Table C.3. Exterior Crush Measurements for Test No. 690902-SFR6. 
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Table C.4. Occupant Compartment Measurements for Test No. 690902-SFR6. 
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C2 SEQUENTIAL PHOTOGRAPHS 


 0.000 s  
   


 0.100 s  
   


 0.200 s  
   


 0.300 s  
   


Figure C.1. Sequential Photographs for Test No. 690902-SFR6 (Overhead and Frontal Views). 
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 0.400 s  
   


 0.500 s  
   


 0.600 s  
   


 0.700 s  
   


Figure C.1. Sequential Photographs for Test No. 690902-SFR6 (Overhead and Frontal Views) 


(Continued). 
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0.000 s  0.400 s 


   
0.100 s  0.500 s 


   
0.200 s  0.600 s 


   
0.300 s 


 
0.700 s 


Figure C.2. Sequential Photographs for Test No. 690902-SFR6 (Rear View). 
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Figure C.3. Vehicle Angular Displacements for Test No. 690902-SFR6. 


  


Axes are vehicle-fixed.  
Sequence for determining 
orientation: 


1. Yaw. 
2. Pitch. 


3. Roll. 


Test Number:  690902-SFR6 
Test Standard Test Number:  MASH Test 4-11 
Test Article:  HV2 Barrier 
Test Vehicle:  2012 Dodge Ram 1500 
Inertial Mass:  2275 kg (5015 lb) 
Gross Mass:  2350 kg (5180 lb) 
Impact Speed:  101.5 km/h (63.1 mi/h) 
Impact Angle:  25.0° 
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Figure C.4. Vehicle Longitudinal Accelerometer Trace for Test No. 690902-SFR6  


(Accelerometer Located at Center of Gravity). 


Test Number:  690902-SFR6 
Test Standard Test Number:  MASH Test 4-11 
Test Article:  HV2 Barrier 
Test Vehicle:  2012 Dodge Ram 1500 
Inertial Mass:  2275 kg (5015 lb) 
Gross Mass:  2350 kg (5180 lb) 
Impact Speed:  101.5 km/h (63.1 mi/h) 
Impact Angle:  25.0° 
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Figure C.5. Vehicle Lateral Accelerometer Trace for Test No. 690902-SFR6  


(Accelerometer Located at Center of Gravity). 


Test Number:  690902-SFR6 
Test Standard Test Number:  MASH Test 4-11 
Test Article:  HV2 Barrier 
Test Vehicle:  2012 Dodge Ram 1500 
Inertial Mass:  2275 kg (5015 lb) 
Gross Mass:  2350 kg (5180 lb) 
Impact Speed:  101.5 km/h (63.1 mi/h) 
Impact Angle:  25.0° 
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Figure C.6. Vehicle Vertical Accelerometer Trace for Test No. 690902-SFR6  


(Accelerometer Located at Center of Gravity). 


Test Number:  690902-SFR6 
Test Standard Test Number:  MASH Test 4-11 
Test Article:  HV2 Barrier 
Test Vehicle:  2012 Dodge Ram 1500 
Inertial Mass:  2275 kg (5015 lb) 
Gross Mass:  2350 kg (5180 lb) 
Impact Speed:  101.5 km/h (63.1 mi/h) 
Impact Angle:  25.0° 
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Figure C.7. Vehicle Longitudinal Accelerometer Trace for Test No. 690902-SFR6  


(Accelerometer Located Rear of Center of Gravity). 


Test Number:  690902-SFR6 
Test Standard Test Number:  MASH Test 4-11 
Test Article:  HV2 Barrier 
Test Vehicle:  2012 Dodge Ram 1500 
Inertial Mass:  2275 kg (5015 lb) 
Gross Mass:  2350 kg (5180 lb) 
Impact Speed:  101.5 km/h (63.1 mi/h) 
Impact Angle:  25.0° 







T
R


 N
o
. 6


9
0
9
0
2
-S


F
R


6
-8


  
8
7
 


2
0
1
8
-0


5
-3


0
 


 


 


 


Y Acceleration Rear of CG


0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
-10


0


10


20


30


Time (s)


L
a


te
ra


l 
A


c
c


e
le


ra
ti


o
n


 (
g


)


SAE Class 60 Filter 50-msec average


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Figure C.8. Vehicle Lateral Accelerometer Trace for Test No. 690902-SFR6  


(Accelerometer Located Rear of Center of Gravity). 


Test Number:  690902-SFR6 
Test Standard Test Number:  MASH Test 4-11 
Test Article:  HV2 Barrier 
Test Vehicle:  2012 Dodge Ram 1500 
Inertial Mass:  2275 kg (5015 lb) 
Gross Mass:  2350 kg (5180 lb) 
Impact Speed:  101.5 km/h (63.1 mi/h) 
Impact Angle:  25.0° 
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Figure C.9. Vehicle Vertical Accelerometer Trace for Test No. 690902-SFR6  


(Accelerometer Located Rear of Center of Gravity).


Test Number:  690902-SFR6 
Test Standard Test Number:  MASH Test 4-11 
Test Article:  HV2 Barrier 
Test Vehicle:  2012 Dodge Ram 1500 
Inertial Mass:  2275 kg (5015 lb) 
Gross Mass:  2350 kg (5180 lb) 
Impact Speed:  101.5 km/h (63.1 mi/h) 
Impact Angle:  25.0° 







 


TR No. 690902-SFR6-8 89 2018-05-30 


APPENIDX D. MASH TEST 4-12 (CRASH TEST NO. 690902-SFR8) 


D1 VEHICLE PROPERTIES AND INFORMATION 


Table D.1. Vehicle Properties for Test No. 690902-SFR8. 
 


Date: 2018-01-05 Test No.: 690900-SFR8 VIN No.: 1FVACWCS77D438092 
 


Year: 2007 Make: Freightliner Model: M2106 
 


Odometer: 411118 Tire Size Front: 11R22.5 Tire Size Rear: 11R22.5 
 


 


 


 


 


 
 


 


 


 


 


 


 


 


 


 


Vehicle Geometry:   inches    
A Front Bumper 


Width: 92.00  
K Rear Bumper 


Bottom: -----  U Cab Length: 105.00 


B Overall Height: 147.00  
L Rear Frame 


Top: 38.00  
V Trailer/Box 


Length: 222.00 


C Overall Length: 330.75  
M Front Track 


Width: 83.00  W Gap Width: 2.50 


D Rear Overhang: 86.25  N Roof Width: 71.25  
X Overall Front 


Height: 96.50 


E Wheel Base: 204.00  O Hood Height: 52.00  
Y Roof-Hood 


Distance: 33.00 


F Front Overhang: 40.50  
P Bumper 


Extension: 2.00  
Z Roof-Box Height 


Difference: 47.00 


G C.G. Height: -----  
Q Front Tire 


Width: 42.00  


AA Rear Track 
Width: 75.00 


H C.G. Horizontal 
Dist. w/Ballast: 132.50  


R Front Wheel 
Width: 23.00  


BB Ballast Center of 
Mass: 63.00 


I Front Bumper 
Bottom: 14.00  


S Bottom Door 
Height: 33.50  


CC Cargo Bed 
Height: 50.50 


J Front Bumper 
Top: 29.00  T Overall Width: 95.50  


 


  
 


Wheel Center 
Height Front 19.25 


Wheel Well  
Clearance (Front) 6.50 


Bottom Frame 
Height (Front) 25.50 


Wheel Center 
Height Rear 19.25 


Wheel Well  
Clearance (Rear) 3.75 


Bottom Frame 
Height (Rear) 28.00 







 


TR No. 690902-SFR6-8 90 2018-05-30 


Table D.1. Vehicle Properties for Test No. 690902-SFR8 (Continued). 


 
Date: 2018-01-05 Test No.: 690900-SFR8 VIN No.: 1FVACWCS77D438092 
 


Year: 2007 Make: Freightliner Model: M2106 


 


WEIGHTS  


( lb  or  kg )  CURB  TEST INERTIAL 


Wfront axle  6680   7780  


Wrear axle  6920   14430  


WTOTAL  13600   22210  


 


Ballast:  8610 ( lb  ) 
(as-needed) 
(See MASH Section 4.2.1.2 for recommended ballasting) 


 


Mass Distribution  
( lb  or  kg ): LF: 3880  RF: 3900  LR: 7440  RR: 6990 


 
 


 
 


Describe any damage to the vehicle prior to test:  None 


  


  
 


Other notes to include ballast type, dimensions, mass, location, center of mass, and method of 
attachment:  


 Block 30 inches high × 60 inches wide × 30 inches long 


 Block 30 inches high × 60 inches wide × 30 inches long 


 Centered in middle of bed 


 63 inches to center of block to ground 


 Four 5/16-inch cables per block tie down 


 


  


                                                 


 
1 Referenced to the front axle 
2 Above ground 


Engine Type: 6 cylinder diesel Mercedes 


Engine Size: OM 960LA (388) 
 


Transmission Type: 


 x Auto    or   Manual 


  FWD x RWD  4WD 


Accelerometer Locations ( inches or mm ) 


 x1  y  z2 
      


Front: ----  ----  ---- 


      


Center: 132.5  0  49.0 


      


Rear: 194.5  0  49.0 
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D2 SEQUENTIAL PHOTOGRAPHS 


 0.000 s  
   


 0.100 s  
   


 0.200 s  
   


 0.400 s  
   


Figure D.1. Sequential Photographs for Test No. 690902-SFR8 (Overhead and Frontal Views). 
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 1.000 s  
   


Out of View 


1.400 s  
   


Out of View 


1.800a 


s  
   


Figure D.1. Sequential Photographs for Test No. 690902-SFR8 (Overhead and Frontal Views) 


(Continued). 
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0.000 s  0.700 s 
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Figure D.2. Sequential Photographs for Test No. 690902-SFR8 (Rear View). 







T
R


 N
o
. 6


9
0
9
0
2
-S


F
R


6
-8


  
9
4
 


2
0
1
8
-0


5
-3


0
 


 


 


 


D
3
 


V
E


H
IC


L
E


 A
N


G
U


L
A


R
 D


IS
P


L
A


C
E


M
E


N
T


S
 


Roll, Pitch, and Yaw Angles


0 0.5 1.0 1.5 2.0
-20


-10


0


10


20


30


Time (s)


A
n


g
le


s
 (


d
e


g
re


e
s


)


Roll Pitch Yaw


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Figure D.3. Vehicle Angular Displacements for Test No. 690902-SFR8. 


  


Axes are vehicle-fixed.  
Sequence for determining 
orientation: 


1. Yaw. 
2. Pitch. 


3. Roll. 


Test Number:  690902-SFR8 
Test Standard Test Number:  MASH Test 4-12 
Test Article:  HV2 Barrier 
Test Vehicle:  2007 Freightliner M2106 Single-Unit Truck 
Inertial Mass:  6169 kg (13,600 lb) 
Gross Mass:  10 074 kg (22,210 lb) 
Impact Speed:  91.6 km/h (56.9 mi/h) 
Impact Angle:  15.3° 







T
R


 N
o
. 6


9
0
9
0
2
-S


F
R


6
-8


  
9
5
 


2
0
1
8
-0


5
-3


0
 


 


 


 


D
4
 


V
E


H
IC


L
E


 A
C


C
E


L
E


R
A


T
IO


N
S


 
X Acceleration at CG


0 0.5 1.0 1.5 2.0
-6


-5


-4


-3


-2


-1


0


1


2


3


Time (s)


L
o


n
g


it
u


d
in


a
l 


A
c


c
e


le
ra


ti
o


n
 (


g
)


SAE Class 60 Filter 50-msec average


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Figure D.4. Vehicle Longitudinal Accelerometer Trace for Test No. 690902-SFR8  


(Accelerometer Located at Center of Gravity). 


Test Number:  690902-SFR8 
Test Standard Test Number:  MASH Test 4-12 
Test Article:  HV2 Barrier 
Test Vehicle:  2007 Freightliner M2106 Single-Unit Truck 
Inertial Mass:  6169 kg (13,600 lb) 
Gross Mass:  10 074 kg (22,210 lb) 
Impact Speed:  91.6 km/h (56.9 mi/h) 
Impact Angle:  15.3° 
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Figure D.5. Vehicle Lateral Accelerometer Trace for Test No. 690902-SFR8  


(Accelerometer Located at Center of Gravity). 


Test Number:  690902-SFR8 
Test Standard Test Number:  MASH Test 4-12 
Test Article:  HV2 Barrier 
Test Vehicle:  2007 Freightliner M2106 Single-Unit Truck 
Inertial Mass:  6169 kg (13,600 lb) 
Gross Mass:  10 074 kg (22,210 lb) 
Impact Speed:  91.6 km/h (56.9 mi/h) 
Impact Angle:  15.3° 
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Figure D.6. Vehicle Vertical Accelerometer Trace for Test No. 690902-SFR8  


(Accelerometer Located at Center of Gravity). 


Test Number:  690902-SFR8 
Test Standard Test Number:  MASH Test 4-12 
Test Article:  HV2 Barrier 
Test Vehicle:  2007 Freightliner M2106 Single-Unit Truck 
Inertial Mass:  6169 kg (13,600 lb) 
Gross Mass:  10 074 kg (22,210 lb) 
Impact Speed:  91.6 km/h (56.9 mi/h) 
Impact Angle:  15.3° 
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Figure D.7. Vehicle Longitudinal Accelerometer Trace for Test No. 690902-SFR8  


(Accelerometer Located Rear of Center of Gravity). 


Test Number:  690902-SFR8 
Test Standard Test Number:  MASH Test 4-12 
Test Article:  HV2 Barrier 
Test Vehicle:  2007 Freightliner M2106 Single-Unit Truck 
Inertial Mass:  6169 kg (13,600 lb) 
Gross Mass:  10 074 kg (22,210 lb) 
Impact Speed:  91.6 km/h (56.9 mi/h) 
Impact Angle:  15.3° 
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Figure D.8. Vehicle Lateral Accelerometer Trace for Test No. 690902-SFR8  


(Accelerometer Located Rear of Center of Gravity). 


Test Number:  690902-SFR8 
Test Standard Test Number:  MASH Test 4-12 
Test Article:  HV2 Barrier 
Test Vehicle:  2007 Freightliner M2106 Single-Unit Truck 
Inertial Mass:  6169 kg (13,600 lb) 
Gross Mass:  10 074 kg (22,210 lb) 
Impact Speed:  91.6 km/h (56.9 mi/h) 
Impact Angle:  15.3° 







T
R


 N
o
. 6


9
0
9
0
2
-S


F
R


6
-8


  
1
0
0
 


2
0
1
8
-0


5
-3


0
 


 


 


 


Z Acceleration Rear of CG


0 0.5 1.0 1.5 2.0
-10


-5


0


5


10


Time (s)


V
e


rt
ic


a
l 


A
c


c
e


le
ra


ti
o


n
 (


g
)


SAE Class 60 Filter 50-msec average


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Figure D.9. Vehicle Vertical Accelerometer Trace for Test No. 690902-SFR8  


(Accelerometer Located Rear of Center of Gravity). 


Test Number:  690902-SFR8 
Test Standard Test Number:  MASH Test 4-12 
Test Article:  HV2 Barrier 
Test Vehicle:  2007 Freightliner M2106 Single-Unit Truck 
Inertial Mass:  6169 kg (13,600 lb) 
Gross Mass:  10 074 kg (22,210 lb) 
Impact Speed:  91.6 km/h (56.9 mi/h) 
Impact Angle:  15.3° 
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Preface 
For optimum performance, Saferoads HV2 Safety Barrier must be designed, installed and maintained as per this 


manual. Please thoroughly review and understand this manual before using HV2 Safety Barrier. 


Local requirements may also impose restrictions. Please refer to local governing body for further information. 


If more information is required, please contact Saferoads: 


Websites: www.saferoads.com.au or www.hv2barrier.com 


Australia: 1800 060 672 


USA: (859) 469 0364 


International: +61 3 5945 6600 


Email: sales@saferoads.com.au 


Introduction 
Saferoads HV2 Safety Barrier is a free standing temporary longitudinal barrier system successfully crash tested to 


MASH TL-4. 


The patented hybrid technology, and unique connectors, allow Saferoads HV2 Safety Barrier to offer high 


containment and low deflection, while remaining economical to transport and deploy, with no time-consuming 


anchoring required. 


Saferoads HV2 Safety Barrier provides several unique advantages over other temporary barrier systems including: 


• High containment 


• Low deflection 


• Safe, consistent and reliable redirection 


• Fast deployment and retrieval 


• No anchoring required 


• No loose parts 


• Economical to transport 


• Maintenance free 


• Durable 


Applications 
Saferoads HV2 Safety Barrier is tested to provide positive protection of work sites by safely redirecting errant 


vehicles up to 22,000lbs (10,000kg) at 15° and 56mph (90km/h), or 5,000lbs (2,270kg) at 25° and 62mph (100km/h). 


This allows HV2 Safety Barrier to be suitable for use on any roadside work zone from highways to low speed local 


streets. 


Since the HV2 Safety Barrier is free standing, it can be used on any firm surface including concrete, asphalt, spray 


seal, unsealed compound pavements, and uniform natural surfaces. 
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Limitations 
Saferoads HV2 Safety Barrier has been tested to MASH TL-4 requirements, as required by FHWA. Installations not in 


accordance with this manual, or impacts outside of MASH TL-4 testing may result in unpredictable performance. 


Barrier Segments 
A HV2 Safety Barrier installation is constructed from a series of individual barrier segments. Each segment is 


constructed from steel with concrete ballasting. The dimensions of each segment are: 


Installed length 19ft (5,800mm) 


Segment length 19ft 2in (5,846mm) 


Segment width 18in (450mm) 


Segment height 35in (900mm) 


Weight 4600lbs (2,088kg) 


 


 


 


 


  







 
 
 


 


 
 
 


W www.saferoads.com.au 
 T      +61 3 5945 6600 
 E sales@saferoads.com.au 


USA Version 1.2 


November 2018 


Page 4 


 


Barrier segments are fastened by an integrated, interlocking joiner, which simply slides together when barriers are 


lowered into position.  


 


 


 


 


 


These connectors are bidirectional, allowing barriers to be installed in either orientation. 
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Barrier segments feature three integrated lifting points. Barriers can be safely lifted from the centre lifting point, or 


the outer two lifting points. 


 


 


 


 


 


Barrier segments can be stacked for storage or transport, but appropriate bearers should be used between layers. 
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Minimum Deployment 
HV2 Safety Barrier installations require a minimum deployment length of 17 HV2 Barrier segments (323ft 


6in/98.6m), in addition to the required end treatments, to safely contain and redirect at MASH TL3 & TL4 levels.   


End Treatment 
HV2 Safety Barrier installations require appropriate end treatments to ensure occupant safety in the event of an 


impact to the end of the system. HV2 Safety Barrier can be used with any approved end treatment, including 


QuadGuard Crash Cushion, SLED Crash Cushion, or tapered barriers outside the work zone.  


Length of Need 


Beginning of Length of Need 
When using an anchored, redirective crash cushion at the beginning of the system, the length of need begins at the 


crash cushion. Refer to the crash cushion product manual for further information. 


 


When using a non-anchored or non-redirective crash cushion at the beginning of the system, the length of need 


begins at the connection between the 5th and 6th HV2 Safety Barrier segment, from the beginning of the system. 


 


Similarly, when tapering HV2 Safety Barrier outside the work zone, the length of need begins at the connection 


between the 5th and 6th HV2 Safety Barrier segment, from the beginning of the system. 
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End of Length of Need 
When using an anchored, redirective crash cushion at the beginning of the system, the length of need ends at the 


crash cushion. Refer to the crash cushion product manual for further information. 


 


When using a non-anchored or non-redirective crash cushion at the end of the system, the length of need ends at 


the connection between the 12th and 13th HV2 Safety Barrier segment, from the end of the system. 


Similarly, when tapering HV2 Safety Barrier outside the work zone, the length of need ends at the connection 


between the 12th and 13th HV2 Safety Barrier segment, from the end of the system. 
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System Deflection 
A sufficient clear zone must be allocated between the HV2 Safety Barrier and the work zone to allow for deflection 


of the barrier during an impact. The below tables show the estimated deflection during an impact, and are based on 


a combination of crash testing and interpolation. 


 


TL3 - 5,000lbs (2,270kg) vehicle 
Speed 25° 20° 15° 10° 5° 


62mph 
(100km/h) 


4ft 10in¹ 
(1.47m) 


3ft 11in 
(1.18m) 


2ft 11in 
(0.88m) 


2ft 
(0.59m) 


1ft 
(0.30m) 


56mph 
(90km/h) 


4ft 5in 
(1.33m) 


3ft 7in 
(1.07m) 


2ft 8in 
(0.8m) 


1ft 10in 
(0.54m) 


11in 
(0.27m) 


50mph 
(80km/h) 


3ft 11in 
(1.18m) 


3ft 2in 
(0.95m) 


2ft 4in 
(0.71m) 


1ft 7in 
(0.48m) 


10in 
(0.24m) 


43mph 
(70km/h) 


3ft 5in 
(1.03m) 


2ft 9in 
(0.83m) 


2ft 1in 
(0.62m) 


1ft 5in 
(0.42m) 


9in 
(0.21m) 


37mph 
(60km/h) 


2ft 11in 
(0.89m) 


2ft 4in 
(0.71m) 


1ft 9in 
(0.53m) 


1ft 3in 
(0.36m) 


8in 
(0.18m) 


31mph 
(50km/h) 


2ft 6in 
(0.74m) 


2ft 
(0.59m) 


1ft 6in 
(0.44m) 


1ft 
(0.30m) 


6in 
(0.15m) 


25mph 
(40km/h) 


2ft 
(0.59m) 


1ft 7in 
(0.48m) 


1ft 3in 
(0.36m) 


10in 
(0.24m) 


5in 
(0.12m) 


¹Crash Tested Result 


TL4 - 22,000lbs (10,000kg) vehicle: 
Speed 15° 10° 5° 


56mph (90km/h) 
7ft 10in¹ 
(2.37m) 


5ft 3in 
(1.58m) 


2ft 8in 
(0.79m) 


50mph (80km/h) 
7ft 


(2.11m) 
4ft 8in 


(1.41m) 
2ft 4in 


(0.71m) 


43mph (70km/h) 
6ft 1in 


(1.85m) 
4ft 1in 


(1.23m) 
2ft 1in 


(0.62m) 


37mph (60km/h) 
5ft 3in 


(1.58m) 
3ft 6in 


(1.06m) 
1ft 9in 


(0.53m) 


31 mph (50km/h) 
4ft 4in 


(1.32m) 
2ft 11in 
(0.88m) 


1ft 6in 
(0.44m) 


25mph (40km/h) 
3ft 6in 


(1.06m) 
2ft 4in 


(0.71m) 
1ft 2in 


(0.35m) 


¹Crash Tested Result 
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Site Considerations 
While Saferoads HV2 Safety Barrier can be installed on most worksites, some obstacles must be avoided. HV2 Safety 


Barrier should not be installed if there is: 


• Curvature tighter than 262ft (80m) radius 


• Cross slope steeper than 5% 


• Longitudinal slope steeper than 5% 


• Crest sharper than 5% 


• Ditch sharper than 5% 


• Kerbs or similar obstacles restricting deflection 


For more information please contact Saferoads or the relevant road authority. 


Barrier Deployment 
Before beginning deployment, ensure there is adequate traffic management, and whenever possible personnel 


should remain on the non-traffic side of the installation. Also ensure appropriate lifting equipment is used and 


operated by competent personnel. 


1. Beginning at the upstream end of the installation, unload the first barrier segment and place in the correct 


position. Orientation is not important as segments are bidirectional. 


2. Working downstream of the first barrier segment, unload the second barrier segment and align the 


connectors while lowering the segment into position. The connection is made in the top 200mm of the 


barriers. Remain cautious of potential pinch and crush points when lowering and connecting barriers. 


3. Repeat until all barrier segments are placed into the correct position and joined to adjacent barrier 


segments. 


4. For installing an end terminal refer to the relevant deployment section below. 







 
 
 


 


 
 
 


W www.saferoads.com.au 
 T      +61 3 5945 6600 
 E sales@saferoads.com.au 


USA Version 1.2 


November 2018 


Page 10 


 


QuadGuard Crash Cushion Deployment 
When deploying the system with a QuadGuard Crash Cushion, a HV2 Transition must be used between the 


QuadGuard and the end HV2 Barrier segment. A 24in (610mm) QuadGuard (model number QS2406) should be used. 


1. Replace the side panels (part number 2760141-0000) between the rearmost fender panels and the tension 


strut backup of the QuadGuard with the HV2 Transition. This transition can remain attached to the 


QuadGuard, including during transport. 


 


QuadGuard parts excluded for clarity 


2. Align the connectors of the HV2 Transition with the connectors of the end HV2 Barrier segment while 


lowering the QuadGuard and HV2 Transition assembly into position. 


3. Anchor both the HV2 Transition and the QuadGuard. The HV2 Transition should be anchored using Hilti HIT-


RE 500 V3 epoxy or equivalent. QuadGuard should be anchored according to the QuadGuard product 


manual. 


Surface Minimum Foundation Depth Anchor 


Concrete 6in (150mm) Concrete 
7in (180mm) Stud 


5.5in (140mm) Embedment 


Asphalt Over 
PCC 


3in (76mm) Asphalt 
3in (76mm) Concrete 


18in (460mm) Stud 
16.5in (420mm) Embedment 


Asphalt Over 
Subbase 


6in (150mm) Asphalt 
6in (150mm) Compacted Subbase 


18in (460mm) Stud 
16.5in (420mm) Embedment 


Asphalt 8in (200mm) Asphalt 
18in (460mm) Stud 


16.5in (420mm) Embedment 
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SLED Crash Cushion Deployment 
When deploying the system with a SLED Crash Cushion, the generic SLED Transition must be used between the SLED 


and the end HV2 Barrier segment.  


1. Assemble the SLED transition according to the SLED product manual, and position at the end of the system. 


2. Clamp the transition panels to the end HV2 Barrier segment and using the transition panels as a template, 


drill four ¾” (19mm) holes through both sides of the HV2 Barrier. The below diagram shows the 


recommended hole pattern. A 4” (100mm) access hole should also be cut through one side of the barrier in 


the approximate position shown. This hole should be on the work zone side of the barrier where possible. 


 
3. Attach the transition panels to the HV2 Barrier using eight ¾”-10 x 3” button head bolts and nuts. 


4. Deploy the remaining SLED components according to the SLED product manual. 


Maintenance and Repair 
No ongoing maintenance is required for the Saferoads HV2 Safety Barrier. Barriers should be inspected regularly, and 


any damaged segments should be replaced immediately. Damaged barrier segments can be removed and replaced 


from between undamaged segments. Repair of barriers is not recommended.  
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Safe Work Method Statement 
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 INTRODUCTION 


1.1 Background 


After October 1998, United States Federal Highway Administration (FHWA) required all new elements of 
roadside hardware, including longitudinal barriers, terminals and crash cushions, support structures and 
work zone attenuation systems, used on the National Highway System (NHS) to have been tested and 
found acceptable for use. Successfully passing full scale crash testing in accordance with the 
recommendations of NCHRP 350 is the most stringent criteria defining acceptability for use. By undergoing 
tests to this standard, the sponsoring agency is seeking to demonstrate that their barrier system is 
compliant with the performance requirements for use on the National Highway System. 


The Manual for Assessing Safety Hardware (MASH) was introduced in 2009 to update and supersede 
NCHRP Report 350 for the purposes of evaluating new safety hardware devices. MASH introduces a 
number of revisions to test vehicle types, impact conditions and evaluation criteria as well as added 
features within the test guidelines. These revisions further the guidelines and criteria that have evolved over 
the last 40 years and provide a comparison basis for researchers and agencies involved in the evaluation 
of roadside safety equipment performance.  MASH was further updated to a second edition in 2016, with all 
work in this testing programme completed to this updated standard.   


1.2 Objectives 


The objective of this study was to evaluate the performance of the HV2 steel temporary barrier system 
(STBS) to the requirements of Test Level 3 as detailed in the Manual for Assessing Safety Hardware, MASH. 
The barrier system will be referred as the “HV2”. 


MASH specifically addresses the performance requirements of longitudinal barrier systems. Recommended 
tests to evaluate performance are defined for a variety of test levels depending on the specific application 
including the maximum size and speed of the impacting vehicle. Test Level 3 (TL-3) is conducted at 100 km/h 
using vehicles up to a maximum of a 2270 kg pick-up.   


There are up to two transition tests required to verify transition sections between two systems that have 
differing stiffness characteristics. Test 3-21 using a light truck (2270P) is a required test, impacting the 
critical impact condition that would most likely lead to test failure. Primary concern is vehicle roll over, 
pocketing or rail rupture for test TL3-21. Due to the HV2 having an in-service installation as a median barrier, 
there is a requirement for an end treatment, namely a crash cushion to be installed at both ends. As such, 
test 3-21 is deemed worst case with the impacting test vehicle in the reverse direction, simulating impacting 


at the downstream crash cushion location.  Also the Quad Guard Crash Cushion  is fully redirective in 
accordance with NCHRP 350 as tested and reported on elsewhere. 


Test 3-20 using an 1100C car is an optional test, but should be conducted if there is reasonable uncertainty 
regarding impact performance with small passenger vehicles. The primary concern is occupant risk and 
post impact trajectory. Test 3-20 was not completed as there is little concern of test vehicle roll over due to 
test vehicle lower centre of gravity (CoG). Pocketing and rail rupture was also of little concern due to 
impact energy being lower compared to Test 3-21. Occupant risk and post impact trajectory was evaluated 
to be comparable to previous HV2 testing, and also previous testing carried with more rigid concrete 
barriers. As such Test 3-20 was not conducted. 


This report documents the testing completed on HV2 transitioned to a TL3 Quad Guard Crash Cushion this 
system from herein will be referred to as “Crash Cushion”. MASH notes that the safety performance of a 
highway appurtenance cannot be measured directly but can be judged on the basis of three factors; 
structural adequacy, occupant risk, and post-impact vehicular response. As such it was considered 
necessary to subject the system to Test 3-21 for the Transition section. 
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Holmes Solutions were independently contracted by the client to conduct the impact testing in accordance 
with MASH. All testing was undertaken in accordance with the requirements of the ISO 17025 accreditation 
under the ILAC scheme. 


 
 TECHNICAL DISCUSSION 


2.1 Test Parameters 


2.1.1 Test Facility 


Testing was conducted at the Holmes Solutions testing facility, located at the Ruapuna International 
Raceway, Christchurch New Zealand. The test facility has a series of purpose built asphalt run-in surfaces 
up to 100 m long. The facility has test pads available that consist of AASHTO standard soil, AASHTO weak 
soil, compacted sub-base, asphalt concrete (AC), and reinforced Portland cement concrete (PCC). The soil 
profile in the various test regions has been developed and inspected by registered engineers and 
undergoes regular calibration and compliance audits in accordance with the requirements of MASH, 
including site specific testing prior to the completion of each test.   


2.1.2 Test Article Design, Construction and Technical Drawings 


The HV2 is a steel temporary barrier system consisting of approximate 5.8 m (19 ft-⅜ inch) long x 0.9 m (35 
7/16 inch) high x 0.45 m (17 11/16 inch) wide steel barrier segments with proprietary interlocking knuckle 
connectors. All barrier sheet and plate material was AS/NZS-1594 HA-350 steel (for hot-rolled coil material), 
and the proprietary dual finger-and-knuckle connectors were manufactured from American Iron and Steel 
Institute (AISI) C1045 forged steel. The barriers and finger-and-knuckle connectors were hot dip galvanized 
to AS/NZS-4680 specifications.  


The barrier units arrived pre-filled with a 300 mm (1113/16 inch) depth with concrete ballast. Each barrier unit 
weighed approximately 2.1 tonnes (2.3 US tons).  


The HV2 was installed free-standing on the existing asphalt apron. There were no pins, bolts, clamps, or 
adhesives securing the barrier apron. 


The HV2 Transition, located and installed from the downstream end of the HV2 barrier segment 8, with the 
HV2 transition beginning from barrier segment joint labelled 9A. The transition steel plate footing 
incorporated fourteen, (seven per side) chemical ground anchors, measuring 20.0 mm Diameter x  
460.0 mm Long 8.8 grade threaded rod. Welded to the HV2 transition assembly are beam panel style rail 
sections that attach directly to the inside of the downstream end of the Crash Cushion fender panels. 


The test article was manufactured and installed within the allowable tolerances in accordance with the 
manufacturers requirements.  


Test 3-21 having a total HV2 length of 46.4 m to the end of HV2 Barrier 8, where the HV2 Transition was 
installed. Total install length was approximately 55.4 m including the 7 Bay Crash Cushion. 


The temporary barrier and transition system consists of the following components:  


Steel Barrier Segments 


Typical barrier segments are manufactured from AS/NZS-1594 HA-350 steel (for hot-rolled coil material) 
with a nominal 4.0 mm wall thickness. Each barrier 5.8 m (19 ft.-⅜ inch) long x 0.9 m (35 7/16 inch) high x 
0.45 m (17 11/16 inch) wide and have a wet weight of 2.1 tonnes.  Each of the steel barriers join together via 
interlocking knuckle connectors. In total there is 8 barrier segments for this testing programme. 
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HV2 Transition Section 


Manufactured from AS/NZS-1594 HA-350 steel (for hot-rolled coil material), the 10 mm thick baseplate 
measures 1900 mm long x 1060 mm wide that has a series of 24 mm holes for the chemical ground anchors 
to be installed. Welded to the baseplate is a welded body section, with 5.0 mm wall thickness, that 
connects the transition fender panels that have a similar cross section to fit into the Crash Cushion fender 
panels. Welded to the body section and fender panel is the knuckle connector for attachment to HV2 
barrier segments. Chemical anchoring of the transition section was in accordance with manufacturer 
specifications (M20 x 460 mm) threaded rod sections, in asphalt foundations measuring 150 mm (5.9”) 
thick with a 150 mm (5.9”) thick compacted soil sub base. 


End Treatments 


The test article incorporated a seven bay Crash Cushion. All components were supplied by others. 
Chemical anchoring of the end treatment was in accordance with manufacturer specifications, in asphalt 
foundations measuring 150 mm (5.9”) thick with a 150 mm (5.9”) thick compacted soil sub base. 


 Details of test article are shown in Figure 2-2. 
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2.2 Design Changes during Test Programme 


No changes were made to the test article design during the test programme. 


 


Figure 2-1: Test Article TL3-21 Reverse Impact Viewing Impact Side 


 


Figure 2-2: Test Article TL3-21 Reverse Impact Viewing Upstream 


 


2.3 Finalised Testing Matrix 


MASH recommends the completion of 2 tests to validate the performance of a transition section to Test 
Level 3.  After evaluating the final test matrix, Test 3-21 reverse impact was completed on the HV2 steel 
temporary barrier system transition system when connected to the TL3 Crash Cushion. At the moments 
preceding testing a light layer of water was covered over the immediate critical impact area to ensure dust 
is kept to a minimum for video analysis. 
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Test 3-21 – 2270P 


Test 3-21 specifies a 2270 kg pickup (defined as 2270P) impacting the test article at a nominal 100 km/h and 
at an angle of 25 degrees.   


Terminal End 


The Crash Cushion has already completed compliance testing, reported on elsewhere and therefore no 
further testing was carried out. 


Critical Impact Point 
Critical Impact Points (CIP) for rigid barriers are chosen in accordance with MASH 16, specifically section 
2.3 Impact Point for Redirective Devices 2.3.2.1 Tests with 1100C and 2270P vehicles. TABLE 2-7. Critical 
Impact Point for Rigid Barrier Tests with 1100C and 2270P Vehicles. 


Test Designation x Distance ft. (m) 


1-10, 2-10 3.3 (1.0) 


3-10, 4-10, 5-10, 6-10 3.6 (1.1) 


1-11, 2-11 2.6 (0.8) 


3-11, 4-11, 5-11, 6-11 4.3 (1.3) 


 


Impact Tolerance 
In accordance with MASH 16 section 2, Test Matrices and Conditions and 2.1.2 Tolerances on Impact 
Conditions.  


Impact Tolerances 


Impact Velocity +/- 4 km/h ( 2.5 mph) 


Impact Angle +/- 1.5 Degrees 


Impact Point 


Redirective Device +/- 300 mm ( 12”) 


Frontal Impacts +/- 150 mm (6”) 


 


2.4 Evaluation Criteria 


All crash tests performed were evaluated in accordance with the criteria presented in MASH for Test Level 3 
[1]. As stated in MASH, “safety performance of a highway appurtenance cannot be measured directly but 
can be judged on the basis of three factors; structural adequacy, occupant risk, and post-impact vehicular 
response”. The safety evaluation guidelines from Table 5-1A and 5-1B of MASH [1] were used to evaluate the 
crash test reported herein. 
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 TEST 3-21 


3.1 Test Conditions and Results 


3.1.1 Test Vehicle 


A 2012 Dodge Ram 1500 Quad Cab shown in Figure 3-1, was used for the crash test.  The test vehicle was in 
good condition, free of any major body damage, and not missing structural parts. The vehicle front bumper 
and other structural elements were standard equipment and unmodified for the test. Vehicle spare wheel 
and battery were removed prior to testing. 


Test Inertial mass and Gross Static weight of the vehicle were both 2261.5 kg.  The height to the upper edge 
of the front bumper was 660 mm and the height to the lower edge of the front bumper was 290 mm.  
Additional dimensions and information on the vehicle are given in Appendix B.  Vehicle tyre size and tyre 
pressure were in accordance with the manufacturer’s recommended size. 


This vehicle conforms to the recommended properties for a 2270P Test Vehicle as outlined in MASH. 


3.1.2 Test Weather Conditions 


The Test 3-21 was performed on the morning of 24th May 2018. The weather was clear. Surface conditions 
were dry. Weather conditions at the time of testing were as follows: 


Table 3-1: Weather Conditions For Test 3-21 


Weather Conditions 


Wind Speed 7.4 km/h 


Wind Direction Northerly   


Air Temperature 6° C 


Relative Humidity 70% 


 


3.1.3 Impact Conditions and Vehicle Behaviour 


The test vehicle impacted the test installation 1.38 m upstream from the connection joint between the most 
downstream HV2 barrier (barrier 8) and the HV2 transition at an angle of 24.7 degrees, and a velocity of 
98.0 km/h (60.9 mph). The CIP was chosen to maximise vehicle roll over, pocketing and rail rupture. 
The test vehicle continued into the test article, impacting the transition joint at 0.14 seconds after the initial 
impact. At approximately 0.15 seconds the test vehicle was beginning to redirect, with the test article 
moving backwards. At 0.21 seconds after initial impact the test vehicle, whilst continuing to redirect, was 
adjacent to the connection detail of the transition assembly to Crash Cushion. 


After this point the test vehicle redirects smoothly along the face of the transition assembly, while slightly 
brushing past the most upstream Crash Cushion fender panel. At approximately 0.26 seconds after initial 
impact the test vehicle was parallel with the test article with the left hand headlight adjacent to Crash 
Cushion bay 7.  
The test vehicle carried on redirecting before losing contact with the test article at approximately 0.43 
seconds after initial impact. After losing contact with the test article the test vehicle yawed to the left 
before coming to rest approximately 30.0 m downstream from the test article and approximately 13.0 m on 
the traffic face of the test article. 


The barrier transferred the load longitudinally along the length of the system resulting in moderate damage 
to the traffic face of the barrier transition system. The maximum working width of the system was recorded 
as 1.22 m (4.00 ft.), this being the width of the base plate of the Crash Cushion system. The maximum 
permanent deflection of the system was recorded as 0.21 m (0.68 ft.), this being located at barrier segment 
joint 7 and 8 of the Length of Need section of the HV2 Barrier system. 
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Details of test article installation are shown in Figure 3-2. 


3.1.4 Test Article Damage 


The test article had moderate damage as a result of the impact. Barrier 8 downstream end had damaged 
from the impact with the test vehicle. The welded body section that sit directly below the transition knuckle 
connector had been split vertically along the length of the weld, due to the impact from the test vehicle. 
Also the non-traffic face of the transition had minor bowing of the side panel. The transition bottom 
mounting plate had been raised by approximately 20 mm (0.78”) through the middle section from the force 
generated from the test vehicle. 


HV2 barrier 8 did require replacement, as did the transition assembly. The Crash Cushion remained intact 
and did not require any maintenance. 


The profile of the barrier segments maintained good shape and all damaged barrier segments remained in 
one piece and all segments stayed connected.  


The maximum permanent deflection of the test article measured at the completion of the test was 0.21 m 
(0.68 ft.), located at HV2 barrier segment joint 7 and 8, upstream from the CIP. 


Details of test article damage are shown in Figure 3-3. 


3.1.5 Test Vehicle Damage 


The test vehicle suffered moderate damage as a result of the impact with the test article, deformation 
occurred to the front bumper, left hand headlight, front left side panel and left side driver’s door, in 
addition to damage to the vehicle suspension located at the vehicle left-hand front quarter. 


Maximum exterior crush of the vehicle from the impact with the test article was recorded as 185 mm, this 
being measured in the designated crumple-zone of the vehicle, namely the left front corner. No articles 
were thrown from the test vehicle during the impact nor were any penetration observed into the occupant 
compartment. Damage was observed to the floor pan located at the firewall of the driver’s side area, this 
measured 170 mm of crush. Reviewed from video analysis this damage was caused by the left-hand front 
wheel pushing into the test vehicle, from contact with the test article. 


The fuel tank and oil pan of the test vehicle was not damaged from the impact. The test vehicle windscreen 
was cracked from the impact although no damage occurred to the interior plastic lining of the glass from 
the impact with the test article.  


Details of the test vehicle damage are shown in Figure 3-4. 
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Left Hand Side of Test Vehicle 


 


Front Left Hand Quarter 


 


Rear Left Hand Quarter 


 


Right Hand Side 


 


Front of Test Vehicle 


Figure 3-1:Test vehicle for Test 3-21  
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Test Article Overview Impact Side Viewing Upstream 


 


Transition Section 


 


HV2 Transition to Crash Cushion 


 


Impact Angle with Test Vehicle 


 


Crash Cushion Installation 


Figure 3-2: Test Article for Test 3-21  
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Test Article Damage Overview Viewing Downstream 


 


 Barrier Damage at Transition 


 


Barrier Movement at 7A & 8B Joint 


 


Transition Assembly Damage 


 


Overhead view of Damage 


Figure 3-3: Test Article Damage Test 3-21  
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Test Vehicle Damage Left Side View 


 


Right Front Quarter 


 


Front Left Damage 


 


Front of Test Vehicle  


 


Windscreen of Test Vehicle – RH Side 


Figure 3-4: Test Vehicle Damage for Test 3-21 
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0.00 s 0.12 s 0.25 s 0.37 s 0.5 s 


 
Test Article: Safe Roads Transition to Crash Cushion Post Impact Vehicle Behaviour 
Total Length 55.4 m Vehicle Stability Good  
Key Elements - Barrier 3-21 (Reverse Impact) Stopping Distance 30.0 m 
Description Steel Temporary Barrier System Vehicle Snagging None  
Length of Barrier Installation 46.4 m length of need including Transition 


Length of 1.9 m 
Vehicle Pocketing None  


Height 0.90 m Occupant Impact Velocity (m/s)  0.0991 seconds left side of interior 
Length of Barrier Segments 5.8 m  Longitudinal 6.0 
Test Vehicle  Lateral (optional) - 8.5 
Designation 2270P Occupant Ride-down Deceleration   
Make/Model Dodge Ram 1500 Quad Cab X-direction (g) -11.2  (0.0990 -  0.1090 seconds) 
Dimensions (LxWxH) 5675 mm x 1990 mm x 1910 mm Y-direction (g) 12.7   (0.2181 -  0.2281 seconds) 
Curb Wt 2270.5 kg THIV (optional) (m/s) 10.3 
Test Inertial Wt 2261.5 kg PHD (optional) (g) 19.5    (0.0957 -  0.1057 seconds) 
Gross Static 2261.5 kg ASI (optional) 1.69    (0.0536 -  0.1036 seconds) 
Impact Conditions  Test Article Damage Moderate 
Speed 98.0 km /h Test Article Deflections  
Angle 24.7 degrees Dynamic 0.21 m (0.68 ft.) 
Impact Point 1.38 m Upstream of Transition Joint 8B and 9A Permanent 0.21 m (0.68 ft.) 
Exit Conditions  Working Width 1.22 m (4.00 ft.) 
Exit Speed: 79 km/h Vehicle Damage Exterior  
Exit Angle: 18.0° Est VDS 11FL-4 
Test Number 132266.3-21 CDC 11LFEE4 
Test Date 24 May 2018 Maximum Deformation 185 mm 
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3.1.6 Assessment of Test Results 


Testing carried out to the requirements of MASH. Test 3-21 was assessed in accordance with Table 5.1A, 5.1B 
and 5.1C Safety Evaluation Guidelines - Evaluation Criteria A, D, F, H, and I. 


Structural Adequacy 


A Test article should contain and redirect the vehicle; the vehicle should not penetrate, under-ride, or 
override the installation although controlled lateral deflection of the test article is acceptable. 


 The test article contained and redirected the test vehicle. The vehicle did not penetrate, under-ride, 
or override the installation. Lateral deflection of the installation was within acceptable limits. – 
PASS 


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, 
pedestrians, or personnel in the work zone. 


Deformations of, or intrusions into, the occupant compartment that could cause serious injuries 
should not be permitted. See discussion in section 5.3 and Appendix E. 


 No detached elements, fragments or other debris from the test article penetrated or showed 
potential to penetrate the occupant compartment or presented an undue hazard to other traffic, 
pedestrians or work zone personnel.  


Deformations of the occupant compartment were within the imposed limitations. – PASS 


F The vehicle should remain upright during and after the collision although moderate roll, pitching 
and yawing are acceptable. 


 The test vehicle remained upright during and after the collision. Roll, pitch angle were acceptable– 
PASS 


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


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


 Component Preferred Maximum 


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


 Occupant Impact Velocities limits in both longitudinal (x) and lateral (y) directions remained 
within the preferred limits specified. - PASS 


I The occupant Ride down acceleration should satisfy the following limits 


 Occupant Ride Down Accelerations (G’s): 


 Component Preferred Maximum 


 Longitudinal and Lateral 15.0 g 20.49 g 


 Occupant Ride Down accelerations remained within the preferred limits. – PASS 


 


 


 


 







 


   


132266.01RP.0618(v1.2) 


Page 21 of 33 


 


3.1.7 Vehicle Deformation Limits 


Table 3-2: Vehicle Deformation Limits Test 3-21 


Area of Vehicle Deformation Limits Measured Deformation Rating 


Roof < 102 mm 0 mm Good 


Windshield 
No tear of plastic liner 


Max deformation 76 mm 


Cracking.  


No tearing of plastic liner 


Acceptable 


Window 
No shattering of side 
window 


No damage 
Good 


Foot well Area <229 mm 170 mm Acceptable 


Side Front Panel <305 mm 185 mm Acceptable 


Front Side Door 
Above seat <229 mm 


Below seat <305 mm 


0 mm 


35 mm 


Good 


Good 


Floor Pan <305 mm 40 mm Good 


 


3.1.8 Summary 


The HV2 steel temporary barrier transition system when connected to a Quad Guard Crash Cushion  
successfully contained and redirected a 2270P test vehicle impacting the test article at 24.7 degrees and a 
velocity of 98.0 km/h (60.9 mph). 


No debris or detached elements penetrated or showed potential to penetrate the occupant compartment. 
No fragments were distributed outside of the vehicle trajectory.  The trajectory of the vehicle was such that 
it did not present any undue hazard to other traffic, pedestrians or work zone personnel.  


The vehicle remained upright during and after the impact and vehicle stability was considered satisfactory. 
Occupant risk factors satisfied the test criteria and the vehicle exit trajectory remained within acceptable 
limits. 


Evaluation criteria are documented in Section 2.4 of this report 


3.1.9 Conclusion 


The test article when installed in accordance with manufacturer’s recommendations successfully contained 
and redirected the 2270P test vehicle when impacting at a nominal 100 km/h with an impact angle of 25 
degrees.   


The HV2 steel temporary barrier transition system when connected to a Quad Guard Crash Cushion was 
judged to have satisfied all of the evaluation criteria for the MASH Test 3-21. 
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Appendix A Crash Test Procedures and Data analysis 


A.1 Test Vehicle Equipment and Guidance Methods 


The test vehicle guidance method used, consists of a guidance cable and a dropped weight tow system.  A 
wire rope guidance cable is anchored rigidly at both ends of the vehicle path. A bracket couples the front 
wheel of the test vehicle to the guidance cable.  The guidance cable anchor closest to the test article is a 
low-profile steel post, which forces the bracket from a wheel spindle adaptor just prior to impact. The test 
vehicle is coupled to a dropped weight by a cable. The tow cable passes through a stationary pulley 
mounted ahead of the impact point, then through a vertical pulley offset to the side of the first pulley. Just 
prior to impact the tow cable is released and the vehicle is free-wheeling and unconstrained thereafter.  


A.2 Photographic Instrumentation 


Four high speed digital cameras are used as primary recording means, with backup from conventional 
digital video cameras.  These cameras met or exceeded the requirements of MASH [1]. 


The same model of camera was used in all four locations. Following is a description of each high-speed 
digital video camera: 


Casio Exilm F1 Digital camera with still, high definition and high speed capabilities. The high speed function 
has a record frame rate from 60 to 1000 frames per second; resolution 480 x 420 pixels.  


The before-test condition of the test article and vehicle is documented using video, still photography, and a 
tape measure. The high-speed cameras are used to record the vehicle and test article dynamics during the 
crash.  One high speed camera is used exclusively to record the overhead view of the impact, providing a 
field of view perpendicular to the ground and over the impact point.  The second, third and fourth high 
speed cameras provide fields of view from behind the test article, and from both the side-on and end–on to 
the test article centreline, .  Conventional 30 frame/second digital video cameras are also used to record 
additional fields of view.  The post test phase is again documented with video, photography, and a tape 
measure.  Any significant debris is located and photographed. High speed video is analysed using 
Redlake® Imaging Motionscope PCI software, with reticule facility to facilitate distance and speed 
calculation. 


A.3 Electronic Instrumentation and Data Processing 


The key test parameters recommended in MASH Appendix C are measured during testing.  Except as noted, 
the electronic instruments specifications in the publication SAE J211 OCT88 “Instrumentation for Impact 
Test” are used. 


Vehicle impact speed is measured using a system employing pressure sensitive tape located a known 
distance apart in the path of the test vehicle.  The moving vehicle contacts the tape and the time between 
the contacts is recorded.  The maximum error possible from the timer electronics is 0.005%, leaving the only 
significant source of error as one of dimensional accuracy in triggering.  Maximum combined dimensional 
errors are less than ± 5 mm, giving an overall accuracy of ± 0.5%; complying with SAE J211 Annex A.1. 


One GMH Model 2210-100 tri-axial accelerometer is placed within ± 5 cm of the centre of vehicle mass as 
measured in the x-y plane with positive directions corresponding to the sign convention given in MASH.  A 
backup GMH Model 2210-25 tri-axial accelerometer is located adjacent to the primary instrument, to act as 
a check instrument.  A set of BEI / Systron Donner Model QRS14-00500-102 yaw, pitch and roll rate 
transducers are arranged on a steel bracket mounted to the floor of the vehicle.  A Channel Amplitude 
Class (CAC) of 100 g’s is selected so as to maximize the accuracy of the expected results without exposing 
the accelerometers to undue risk of damage. 







 


   


132266.01RP.0618(v1.2) 


Page 23 of 33 


 


The unfiltered output signals from the accelerometers and rate transducers are filtered to 301 Hz and 
recorded in the vehicle using a GMH Engineering DataBrick on board data acquisition system, equipped 
with a 12-bit analog to digital converter digitising at a rate of 7944 Hz.  This “corner frequency” filter meets 
the requirements of MASH.  The data is downloaded from the acquisition system to a personal computer for 
processing. 


The raw digital data is processed using the Test Risk Assessment Program (TRAP) developed by the Texas 
Transportation Institute. The software is run on a personal computer. 


The standardized occupant impact velocity and ridedown acceleration calculation procedures 
recommended in MASH 2009, Section A5.3, are followed.  The TRAP software calculates the vehicular 
accelerations in the x and y directions and numerically integrates them to determine the theoretical 
occupant impact velocities in the x and y directions. 


Although not required, testing agencies are encouraged to calculate and report the Theoretical Head 
Impact Velocity (THIV), Post-Impact Head Deceleration (PHD), and the Acceleration Severity index (ASI).  
These measures have been adopted by the European Committee for Standardization (CEN) as measures of 
occupant risks and are calculated according to the procedures contained in EN 1317-1 Sections 6 and 7. Two 
reference frames are used in the THIV calculation, the first is a vehicular reference and the second is a 
ground reference frame.  The vehicle and theoretical occupant head motion are computed using the x and 
y accelerations and yaw rate at or near the vehicle centre of gravity.  The yaw angle is computed in 
integration of the yaw rate and the vehicular velocity and position are computed from the components of 
vehicular acceleration in the ground reference.  The time of flight of the theoretical head is the time of 
impact on one of the three notional surfaces inside the vehicle.  The distances between these surfaces and 
the original head position are the 0.6m forward and 0.3m lateral flail space distances.  The THIV is the 
relative velocity of the occupant at the time of impact, the square root of the sum of the squares of the 
lateral and longitudinal head velocities at this time. 


The PHD is the maximum value of the vehicle accelerations, occurring after the time of the collision of the 
theoretical head.  The PHD is the maximum of the square root of the sum of the squares of the lateral and 
longitudinal 10 ms moving average accelerations. 


The ASI is computed by taking a 50 ms moving average of the x, y, and z vehicular accelerations and then 
normalizing the values by dividing by limit accelerations (12, 9, and 10 g’s respectively).These values are 
then squared and summed, and the ASI is computed as a function of time as the square root of this sum. 


A.4 Instrumentation Specifications 


High-speed cine is essential for the study of crash dynamics to determine behaviour of the test vehicle and 
the test article. In addition, high-speed cine can be used as a backup system for determining vehicular 
accelerations and kinematics. Guidance for this secondary system consists of (1) internal or external timing 
device, (2) stationary references located in the field of view of at least two cameras positioned 90 degrees 
apart, and (3) Appendix C of MASH 16. Layout and coordinates of references, camera positions, and impact 
point should be reported. Reference targets should be located on the side and the top of the test vehicle 
and should be of sufficient size and distance apart to allow accurate interpretation of the film. The instant 
of impact should be denoted by a flash unit placed in view of data cameras and should also be recorded 
on the electronic recording device(s). 


.  
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Appendix B Test Vehicle Properties and Information 


B.1 Vehicle Properties for Test 3-21 – 2270P 


VEHICLE PARAMETERS – 2270P 


TEST NO: 132266.3-21 TEST DATE: 24 May 2018 


VEHICLE DETAILS: 


MAKE DODGE MODEL RAM 


YEAR 2012 ODOMETER 142007 M 


VIN NO: 1C6RD6KP9L5274550 ENGINE SIZE 4.7 L 


ENGINE TYPE PETROL V8 OPT. EQUIPMENT  


TRANSMISSION AUTOMATIC   


TYRE SIZE 265 /70R/ 17 TREAD TYPE RADIAL 


TYRE PREASURES (PSI) LF: 40 RF: 40 LR: 40 RR: 40 


GEOMETRY (MM) 


 


(A) 1990 


(B) 925 


(C) 3575 


(D) 1910 


(E) 1175 


(F) 5675 


(G) 1497 


(H) 721 


(J) 1115 


(K) 660 


(L) 105 


(M) 290 


(N) 1740 


(O) 1735 


(P) 780 


(Q) 470 


 (Rf) 435 


 (Rr) 655 


MASS DISTRIBUTION (KG) 


FRONT AXLE: (LF) 646.5 (RF) 667.0 1313.5 (M1) 


REAR AXLE: (LR) 495.5 (RR) 461.5 957.0 (M2) 


  CURB (M1+M2) 2270.5 (MT) 


  TEST INERTIAL (MT+BALLAST) 2261.5 


  GROSS STATIC 2261.5 


BALLAST - NIL 


TYPE  LOCATION  MASS (KG) NIL 
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VEHICLE PARAMETERS – 2270P 


VEHICLE INTERNAL DIMENSIONS: 


 


DIMENSION PRE-TEST POST-TEST % CHANGE DESIGNATION 


Left side passenger compartment 


A1 1985 1990 0.25 0 


B1 1295 1295 0 0 


C1 1570 1555 0.95 0 


D1 348 370 6.32 1 


Right side passenger compartment 


A2 1985 1985 0 0 


B2 1275 1275 0 0 


C2 1550 1550 0 0 


D2 345 345 0 0 


Front of the passenger compartment 


E1 1785 1795 0.56 0 


F1 1695 1695 0 0 


G1 1695 1740 2.65 0 


Rear of the passenger compartment 


E2 1790 1790 0 0 


F2 1695 1695 0 0 


G2 1695 1695 0 0 


Notes 


All pre-impact dimensions should be made in the area where maximum occupant 
compartment deformation are expected to occur. Pre-impact reference points may not 
always coincide with the area of maximum passenger compartment damage. In this case, it 
is recommended that further pre-impact measurements are made on an undamaged vehicle 
of the same make and model. 
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Appendix C Sequential Photographs 


C.1 Sequential Photographs for Test 3-21 – 2270P 
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Appendix D Trap Summary Report and Graphical Plots 


D.1 TRAP Summary for Test 3-21  


GENERAL INFORMATION 


Test Agency: Holmes Solution LP 


Test Number: 132266.3-21 


Test Date: 24 May 2018 


Test Article:  HV2 transition to Quad Guard Crash Cushion  


TEST VEHICLE 


Description: Dodge Ram 1500 Quad Cab 2270P 


Test Inertial Mass: 2261.5 kg 


Gross Static Mass: 2261.5 kg 


IMPACT CONDITIONS 


Speed: 98.0 km/h 


Angle: 24.7 Degrees 


OCCUPANT RISK FACTORS 


Impact Velocity (metres per second) at 0.0991 seconds on left side of interior 


x-direction: 6.0 m/s    


y-direction: -8.5 m/s  


THIV (metres per second) 10.3   at 0.0930 seconds 


RIDEDOWN ACCELERATIONS (G) 


x-direction: -11.2  (0.0990 -  0.1090 seconds) 


y-direction: 12.7   (0.2181 -  0.2281 seconds) 


PHD (g): 19.5    (0.0957 -  0.1057 seconds) 


ASI:   1.69    (0.0536 -  0.1036 seconds) 


MAX. 50MSEC MOVING AVG. ACCELERATIONS (G’S) 


x-direction -10.8  (0.0566 -  0.1066 seconds) 


y-direction 13.3   (0.0420 -  0.0920 seconds) 


z-direction 5.6    (0.0296 -  0.0796 seconds) 


MAX ROLL, PITCH, AND YAW ANGLES (DEGREES) 


Roll -26.5  (0.5160 seconds) 


Pitch -12.5  (7.7499 seconds) 


Yaw 75.1   (2.4751 seconds) 
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Figure Appendix D-1: Vehicular Acceleration for Test 3-21 
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Figure Appendix D-2: Vehicular Rotations for Test 3-21 


 


 
Figure Appendix D-3: ASI Severity for Test 3-21 
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This video is about Saferoads

	apl#: 4479-18
	matlcode: 630.08.04.00
	matcodedes: Traffic Zone, Non-Mobile Attenuator
	prodname: HV2 Safety Barrier
	prodcat: TC\Crash Cushion\ Temp\Impact Attenuator(Temp-Const)
	prodrepattn: Howard Tolliver
	prodrepaddress: 288 Paynes Depot Road
Lexington Kentucky 40511
	prodrephone: 859-469-0364
	prodweb: www.saferoads.com.au
	prodmanattn: Howard Tolliver
	prodmanaddress: 288 Paynes Depot Road
Lexington Kentucky 40511
	prodmanphone: 859-469-0364
	prodmanfax: hatolliverllc@gmail.com
	prodmanweb: 
	prodesc: HV2 is a temporary longitudinal steel barrier system successfully crash tested to MASH TL-3 and TL-4. 

Crash tested to provide positive protection of work sites by safely redirecting errant vehicles up to 22,046 pounds
	prodresc: None
	produse: Suitable for use on any CDOT work zone from highways to low speed local street. Excellent for bridge decks since there are no anchoring/pinning requirements
	prodbene: The hybrid technology and unique connectors allow HV2 to provides unique advantages which include high containment and low deflection while remaining economical to transport and deploy with no time-consuming anchoring require. Provides safe, consistent and reliable redirection, fast deployment and retrieval. No anchoring, No loose parts. Maintenance free and Durable, Environmentally friendly (steel is recycled while concrete is landfill
	specastm: Off
	specastmtext: 
	specaashto: Yes
	specoaashtotext: MASH TL-3 and TL-4
	specfhwa: Yes
	specfhwatext: Letter of Approval B308 and B306 which are included with this application
	specother: Off
	specothertext: 
	specodttext: 
	testfhwa: Off
	testfhwattext: 
	testother: Off
	testotherttext: 
	testaashto: Off
	testaashtottext: 
	testother2text: 
	dotapp: 
	sampsub: no
	msds: no
	notesadd: Documentation will include FHWA letters of approval, TTI/Holmes Crash Test Reports, Design/Specification files, Product Manual and TTI crash test video
	595entered: 12/07/2018
	595eval: 12/07/2018
	pt1: Yes
	stand: Yes
	exp: Off
	ret: Yes
	acc: Yes
	rej: Off
	evalproc: Evaluation methods per: MASH 2016 crash testing criteria; FHWA Eligibility Letter HSST-1/B-308 8/17/18 and HSST-1/B-306 8/17/18; CDOT Standard Specification 630.
	find&rec: The  HV2 Temporary Longitudinal Barrier has been successfully crash tested to the TL-3 and TL-4 rating according to MASH 2016 test requirements. Given successful crash testing, FHWA Eligibility Letters and conformance to CDOT Standard Specifications 630, this product meets minimum requirements for acceptable inclusion on CDOT APL for standard temporary construction work zone application. Joshua J. Palmer PE, Guardrail Engineer 1/29/19.
	addlist: Yes
	reject: Off
	rejectreason: 
	signed: Craig Wieden PE III
	formdate: 02/11/2019
	specother2: Off
	Cert of Verif: Off
	specodt: Off
	Testother3Text: 
	prod email: hatolliverllc@gmail.com
	Resub Cycle: 5 Years / 
	PCR PEC: 
	State DOT Aprov: 
	Exp Date: 2023-12-07
	Exp Date 2nd: 
	testother2: Off
	testother3: Off
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