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1 INTRODUCTION  

1.1 Background 

In recent years, the Midwest States Pooled Fund has been developing a non-proprietary, 

high-tension cable median barrier in conjunction with the Midwest Roadside Safety Facility 

(MwRSF) [1]. This cable barrier system was intended for use anywhere within a 6H:1V median 

V-ditch and consisted of four cables supported by Midwest Weak Posts (MWPs) spaced at 

intervals ranging between 8 ft and 16 ft (2.4 m and 4.9 m). A bolted, tabbed bracket was utilized 

to attach the lower three cables to alternating sides of the MWPs, while a brass keeper rod was 

utilized to contain the top cable within a V-notch cut into the top of the posts.  

Previously, this cable barrier system was subjected to three full-scale crash tests in 

accordance with the Manual for Assessing Safety Hardware (MASH) [2]. Test no. MWP-1, in 

accordance with MASH test designation no. 3-17, was conducted with a 1500A vehicle 

impacting the system placed on the slope break point of a 6H:1V median V-ditch. During the 

test, the sedan was successfully captured and redirected by cable no. 2, having overridden cable 

no. 1 and underriden cable nos. 3 and 4 [1]. 

For test no. MWP-2, the barrier was placed on level terrain, and the system cables were 

mirrored so that cable no. 2 was on the impact side of the posts and cable nos. 1 and 3 were on 

the non-impact side. A 16-ft (4.9-m) post spacing was utilized to evaluate the systemôs maximum 

deflection and working width. During the test, the front tires of the 2270P pickup overrode cable 

nos. 1 and 3. However, cable nos. 2 and 4 successfully captured and contained the vehicle. 

For test no. MWP-3, the post spacing was changed to 8 ft (2.4 m) to evaluate system 

deflections and working width with the tighter post spacing. During the test, the 2270P pickup 

was initially captured by cable nos. 2 and 3 after overriding cable no. 1 and underriding cable no. 

4. However, the capture cables were eventually pushed downward and overridden by the left-
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front tire of the pickup. After containment of the vehicle was lost, the cables wrapped around the 

left-rear tire and yawed the pickup rapidly toward the barrier. The pickup ultimately rolled over 

as the right-side tires dug into the ground. 

Following a review of test no. MWP-3, several factors may have contributed to the loss 

of vehicle capture. First, it was proposed that capture of the vehicle with additional cables were 

required for vehicle redirection. In order to evaluate the cable median barrier in a worst-case 

impact scenario, the researchers tested the barrier system in test nos. MWP-2 and MWP-3 with 

the primary capture cable for the 2270P vehicle, cable no. 3, or the third cable above the ground, 

on the non-impact side of the system, which limited its effectiveness in assisting in vehicle 

capture and redirection. This effect was shown in test no. MWP-2 when cable no. 3 was 

immediately knocked down as the vehicle bumper impacted the first post downstream from 

impact prior to cable engagement, which prevented the cable from interlocking with the vehicle.  

In test no. MWP-3, the vehicle impacted the system slightly downstream from the target 

impact point, which allowed the vehicle to interlock with cable no. 3 prior to it being pushed 

down by a post. However, cable no. 3 eventually disengaged away from the vehicle, and vehicle 

capture was compromised. Thus, it was believed that cable no. 4, the top cable in the system, 

needs to contribute to interlock with the vehicle. In test no. MWP-2, cable no. 4 interlocked with 

the vehicle and aided in capture and redirection, but cable no. 4 overrode the vehicle in test no. 

MWP-3. Thus, it was believed that the height of cable no. 4 needed to be reduced to ensure 

vehicle interlock for level terrain test no. 3-11. Previous research at MwRSF regarding vehicle 

trajectories for 4:1 and 6:1 slopes [3] indicated that the top cable could be lowered to 38 in. (965 

mm) and still be effective in capturing the 2270P vehicle at its maximum height above the slope 

in test designation no. 3-11. Thus, the top cable height was reduced from 40 in. (1016 mm) to 38 

in. (965 mm) in order to improve vehicle capture. 
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Similarly, the cable spacing was reduced from 8¾ in. (222 mm) to 7½ in. (191 mm) in 

order to improve vehicle capture and interlock. More closely-spaced cables tend to improve the 

potential for multiple cables to interlock with the critical capture area of the vehicle and reduce 

the potential for penetration between the cables. A reduction of the cable spacing raised the 

height of the bottom cable to 15½ in. (394 mm). While the bottom cable height increased 2 in. 

(51 mm) over its original 13½ in. (343 mm) height, a review of simulated vehicle trajectories in 

6:1 V-ditches indicated that the height of the bottom cable would still be sufficient for vehicle 

capture and preventing barrier underride. 

Finally, the post spacing for the system was increased from 8 ft (2.4 m) to 10 ft (3.0 m). 

From a review of results from test no. MWP-3, it was believed that the reduced post spacing may 

have negatively affected cable motions after being interlocked with the vehicle, thus potentially 

contributing to the cables being pulled down and the loss of vehicle capture. Thus, it was decided 

to widen the post spacing slightly to 10 ft (3.0 m) in order to improve vehicle capture while 

continuing to manage barrier deflections. 

After these modifications were made to improve system performance, full -scale crash 

testing was needed to evaluate the crashworthiness of the system. Therefore, the redesigned non-

proprietary, four-cable, median barrier system required further testing according to the MASH 

Test Level 3 (TL-3) criteria [2]. 

1.2 Research Objectives 

The primary objective of this project was to develop a high-tension, four-cable, median 

barrier that satisfies MASH TL-3 criteria when placed anywhere within a 6H:1V median V-

ditch. Specific to this report, the cable system needed to be evaluated according to MASH test 

designation nos. 3-11 and 3-10. 
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1.3 Research Scope 

The non-proprietary, four-cable, median barrier was subjected to three full-scale crash 

tests that are documented herein. The first test was a MASH test designation no. 3-11 test 

conducted with a 5,000-lb (2,268-kg) pickup truck impacting at a speed of 62 mph (100 km/h) 

and an angle of 25 degrees. The test was performed with a 10-ft (3.0-m) post spacing to establish 

the barrierôs working width in a reduced post spacing configuration, as compared to the 16-ft 

(4.9-m) post spacing previously evaluated in test no. MWP-2. The second and third tests were 

MASH test designation no. 3-10 tests conducted with 2,425-lb (1,100-kg) passenger cars 

impacting at a speed of 62 mph (100 km/h) and an angle of 25 degrees. The tests were performed 

with 8-ft (2.4-m) post spacing. Minor alterations were made to posts in the impact region 

between the two small car tests to try to reduce the propensity for occupant compartment 

penetration. The results from all three tests were analyzed, evaluated, and documented. 

Conclusions and recommendations were then made pertaining to the safety performance of the 

cable barrier system. 



May 17, 2016  

MwRSF Report No. TRP-03-327-16 

5 

2 TEST REQUIREMENTS AND EVALUATION CRITERIA  

2.1 Test Requirements  

Longitudinal barriers, such as cable median barriers, must satisfy impact safety standards 

in order to be declared eligible for federal reimbursement by the Federal Highway 

Administration (FHWA) for use on the National Highway System (NHS). For new hardware, 

these safety standards consist of the guidelines and procedures published in MASH [2]. 

According to the proposed MASH testing matrix for cable barriers placed anywhere within 

median V-ditches, the barrier system must be subjected to eight full-scale vehicle crash tests. 

However, for systems with variable post spacings, test designation no. 3-11 must be conducted 

with both the narrowest and widest post spacings to establish the working width bounds of the 

barrier system, increasing the required number of crash tests from eight to nine. Although the 

impact speed and angle are consistent for all nine tests, the critical location of the barrier system 

within the median ditch is dependent upon the specific crash test and the slope of the ditch. The 

MASH TL-3 testing matrix for a cable median barrier system designed for placement anywhere 

within a 6H:1V or flatter V-ditch is shown in Table 1. Note, MASH specifies that barrier systems 

designed for 6H:1V V-ditches are to be tested within a 30-ft (9.1-m) wide, 6H:1V V-ditch.  

Many cable barrier systems have variable post spacings, which allow roadside designers 

to select the optimal configuration for a specific installation. When evaluating these variable post 

spacing systems, the critical post spacing should be utilized during crash testing. The proposed 

MASH update has identified the critical post spacing, either the narrowest or the widest spacing, 

for each individual test within the testing matrix. Proposed MASH test designation no. 3-11 must 

be conducted with both the narrowest and the widest post spacings to establish the working 

width bounds of the barrier system. 
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In accordance with MASH requirements, the critical impact point for the 2270P vehicle 

was 12 in. (305 mm) upstream of a post to maximize the risk that cables remain engaged with the 

post are pushed downward below the vehicle.. The critical impact point for the 1100C vehicle 

was determined to be located at the midspan between posts. This impact location was determined 

to maximize the potential for vehicle penetration by allowing the vehicle to penetrate between 

cables. 

When non-symmetrical cable barriers are tested, it is important to test the orientation that 

produces the greatest risk of failure. To accomplish this critical evaluation, the orientation of the 

cables was selected such that primary capture cable would be located on the non-impact side of 

the post. The primary capture cable for the 2270P vehicle was determined to be the third cable 

above the ground. Selecting this orientation allowed for the greatest risk of failure due to the post 

pushing the backside cables down and preventing vehicle capture. This behavior would then 

potentially allow the vehicle to override the barrier. The primary capture cable for the 1100C 

vehicle was determined to be the second cable above the ground. Selecting this orientation 

allowed for the greatest risk of failure delaying vehicle interlock with the barrier and increasing 

the potential for the vehicle to penetrate through the system. 
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Table 1. MASH TL-3 Test Matrix for Barrier Placement Anywhere Within a 6V:1H V-Ditch 

Test 

No. 

Test 

Vehicle 

Vehicle 

Weight, 

lb 

(kg) 

Impact Conditions System Configuration 

Evaluation 

Criteria
2
 

Speed, 

mph 

(km/h) 

Angle, 

deg 

System 

Location
1
 

Post 

Spacing 

3-10 1100C 
2,425 

(1,100) 

62 

(100) 
25 Level Terrain Narrow A,D,F,H,I 

3-11 2270P 
5,000 

(2,270) 

62 

(100) 
25 Level Terrain Both A,D,F,H,I 

3-13 2270P 
5,000 

(2,270) 

62 

(100) 
25 

9 ft Down 

Front Slope 
Narrow A,D,F,H,I 

3-14 1100C 
2,425 

(1,100) 

62 

(100) 
25 

9 ft Down 

Front Slope 
Narrow A,D,F,H,I 

3-15 1100C 
2,425 

(1,100) 

62 

(100) 
25 

4 ft Up  

Back Slope 
Wide A,D,F,H,I 

3-16 1100C 
2,425 

(1,100) 

62 

(100) 
25 

1 ft Down 

Back Slope 
Narrow A,D,F,H,I 

3-17 1500A 
3,300 

(1,500) 

62 

(100) 
25 See Note

3
 Wide A,D,F,H,I 

3-18 2270P 
5,000 

(2,270) 

62 

(100) 
25 

At Back Slope 

Break Point 
Wide A,D,F,H,I 

1
 Test nos. 3-13 through 3-18 shall be conducted within a 30 ft (9.1 m) wide, 6H:1V V-ditch  

2
 Evaluation criteria explained in Table 2. 

3
 Testing laboratory to determine critical barrier position on front slope of ditch to maximize 

propensity for front end of 1500A vehicle to penetrate between vertically adjacent cables. 

 

2.2 Evaluation Criteria  

Evaluation criteria for full-scale vehicle crash testing are based on three appraisal areas: 

(1) structural adequacy; (2) occupant risk; and (3) vehicle trajectory after collision. Criteria for 

structural adequacy are intended to evaluate the ability of the cable median barrier to contain and 

redirect impacting vehicles. In addition, controlled lateral deflection of the test article is 

acceptable. Occupant risk evaluates the degree of hazard to occupants in the impacting vehicle. 

Post-impact vehicle trajectory is a measure of the potential of the vehicle to result in a secondary 

collision with other vehicles and/or fixed objects, thereby increasing the risk of injury to the 

occupants of the impacting vehicle and/or other vehicles. These evaluation criteria are 
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summarized in Table 2 and defined in greater detail in MASH. The full-scale vehicle crash tests 

were conducted and reported in accordance with the procedures provided in MASH. 

In addition to the standard occupant risk measures, the Post-Impact Head Deceleration 

(PHD), the Theoretical Head Impact Velocity (THIV), and the Acceleration Severity Index (ASI) 

were determined and reported on the test summary sheet. Additional discussion on PHD, THIV 

and ASI is provided in MASH. 

Table 2. MASH Evaluation Criteria for Longitudinal Barrier 

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. 

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. Deformations of, or 

intrusions into, the occupant compartment should not exceed limits 

set forth in Section 5.3 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. 

H. Occupant Impact Velocity (OIV) (see Appendix A, Section A5.3 of 

MASH for calculation procedure) should satisfy the following 

limits: 

 Occupant Impact Velocity Limits 

Component Preferred Maximum 

Longitudinal and Lateral 
30 ft/s 

(9.1 m/s) 

40 ft/s 

(12.2 m/s) 

I. The Occupant Ridedown Acceleration (ORA) (see Appendix A, 

Section A5.3 of MASH for calculation procedure) should satisfy the 

following limits: 

 Occupant Ridedown Acceleration Limits  

Component Preferred Maximum 

Longitudinal and Lateral 15.0 gôs 20.49 gôs 
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2.3 Soil Strength Requirements  

In accordance with Chapter 3 and Appendix B of MASH, foundation soil strength must 

be verified before any full-scale crash testing can occur. During the installation of a soil 

dependent system, additional W6x16 in. (W152x23.8 mm) posts are to be installed near the 

impact region utilizing the same installation procedures as the system itself. Prior to full-scale 

testing, a dynamic impact test must be conducted to verify a minimum dynamic soil resistance of 

7.5 kips (33.4 kN) at post deflections between 5 and 20 in. (127 and 508 mm) measured at a 

height of 25 in. (635 mm). If dynamic testing near the system is not desired, MASH permits a 

static test to be conducted instead and compared against the results of a previously established 

baseline test. In this situation, the soil must provide a resistance of at least 90% of the static 

baseline test at deflections of 5, 10, and 15 in. (127, 254, and 381 mm). Further details can be 

found in Appendix B of MASH. 
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3 TEST CONDITIONS  

3.1 Test Facility 

The testing facility is located at the Lincoln Air Park on the northwest side of the Lincoln 

Municipal Airport, and is approximately 5 miles (8.0 km) northwest of the city campus of the 

University of Nebraska-Lincoln. 

3.2 Vehicle Tow and Guide System  

A reverse cable tow system with a 1:2 mechanical advantage was used to propel the test 

vehicle. The distance traveled and the speed of the tow vehicle were one-half that of the test 

vehicle. The test vehicle was released away from the tow cable before impact with the barrier 

system. A digital speedometer on the tow vehicle increased the accuracy of the test vehicle 

impact speed. 

A vehicle guidance system developed by Hinch [4] was used to steer the test vehicle. A 

guide flag, attached to the left-front wheel and the guide cable, was sheared off before impact 

with the barrier system. The Ȩ-in. (9.5-mm) diameter guide cable was tensioned to 

approximately 3,500 lb (15.6 kN) and supported both laterally and vertically every 100 ft (30.5 

m) by hinged stanchions. The hinged stanchions stood upright while holding up the guide cable, 

but as the vehicle was towed down the line, the guide flag struck and knocked each stanchion to 

the ground. 

3.3 Test Vehicles 

For test no. MWP-4, a 2008 Dodge Ram was used as the test vehicle. This vehicle meets 

the requirements for a MASH 2270P pickup truck. The curb, test inertial and gross static vehicle 

weights were 5,140 lb (2,331 kg), 4,967 lb (2,253 kg), and 5,131 lb (2,327 kg), respectively. The 

test vehicle is shown in Figure 1, and vehicle dimensions are shown in Figure 2. 
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For test no. MWP-6, a 2009 Kia Rio was used as the test vehicle. This vehicle meets the 

requirements for a MASH 1100C passenger car. The curb, test inertial and gross static vehicle 

weights were 2,295 lb (1,041 kg), 2,405 lb (1,091), and 2,572 lb (1,167 kg), respectively. The 

test vehicle is shown in Figure 3, and the vehicle dimensions are shown in Figure 4. 

For test no. MWP-7, a 2009 Kia Rio was used as the test vehicle. This vehicle meets the 

requirements for a MASH 1100C passenger car. The curb, test inertial and gross static vehicle 

weights were 2,384 lb (1,081 kg), 2,392 lb (1,085), and 2,557 lb (1,160 kg), respectively. The 

test vehicle is shown in Figure 5, and the vehicle dimensions are shown in Figure 6.  

The longitudinal component of the center of gravity (c.g.) was determined using the 

measured axle weights. The vertical component of the c.g. for the 1100C vehicles was 

determined utilizing a procedure published by SAE [5]. The Suspension Method [6] was used to 

determine the vertical component of the c.g. for the 2270P vehicle. This method is based on the 

principle that the c.g. of any freely suspended body is in the vertical plane through the point of 

suspension. The vehicle was suspended successively in three positions, and the respective planes 

containing the c.g. were established. The intersection of these planes pinpointed the final c.g. 

location for the test inertial condition. The locations of the c.g. for test nos. MWP-4, MWP-6, 

and MWP-7 are shown in Figures 2, 4, and 6, respectively. Data used to calculate the location of 

the c.g. and ballast information are shown in Appendix B. 

Square, black-and white-checkered targets were placed on the vehicles for reference to be 

viewed from the high-speed digital video cameras and aid in video analysis, as shown in Figures 

7 through 9. Round, checkered targets were placed on the center of gravity on the left-side door, 

the right-side door, and the roof of the vehicles. 

The front wheels of the test vehicles were aligned to vehicle standards except the toe-in 

values were adjusted to zero so that the vehicles would track properly along the guide cable. A 
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5B flash bulb was mounted on the left side of the vehiclesô dash and was fired by a pressure tape 

switch mounted at the impact corner of the bumper. The flash bulb was fired upon initial impact 

with the test article to create a visual indicator of the precise time of impact on the high-speed 

videos. A remote-controlled brake system was installed in the test vehicles so that the vehicles 

could be brought safely to a stop after the vehicle exited the system. 
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Figure 1. Test Vehicle, Test No. MWP-4 
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Figure 2. Vehicle Dimensions, Test No. MWP-4 
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Figure 3. Test Vehicle, Test No. MWP-6 
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Figure 4. Vehicle Dimensions, Test No. MWP-6
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Figure 5. Test Vehicle, Test No. MWP-7 
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Figure 6. Vehicle Dimensions, Test No. MWP-7 
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Figure 7. Target Geometry, Test No. MWP-4 
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Figure 8. Target Geometry, Test No. MWP-6 



May 17, 2016  

MwRSF Report No. TRP-03-327-16 

21 

 
Figure 9. Target Geometry, Test No. MWP-7 
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3.4 Simulated Occupant  

A Hybrid II 50
th
-Percentile, Adult Male Dummy, equipped with clothing and footwear, 

was placed in the left-front seat of all three test vehicles with the seat belt was fastened. The 

dummy, which had a final weight of 170 lb (77 kg), was model no. 572, serial no. 451, and was 

manufactured by Android Systems of Carson, California. As recommended by MASH, the 

dummy was not included in calculating the c.g location. 

3.5 Data Acquisition Systems 

3.5.1 Accelerometers 

Two environmental shock and vibration sensor/recorder systems were used to measure 

the accelerations in the longitudinal, lateral, and vertical directions. Both accelerometers were 

mounted near the center of gravity of each test vehicle. The electronic accelerometer data 

obtained during dynamic testing was filtered using the SAE Class 60 and the SAE Class 180 

Butterworth filters conforming to the SAE J211/1 specifications [7]. 

The two accelerometer systems, the SLICE-1 and SLICE-2 units, were modular data 

acquisition systems manufactured by Diversified Technical Systems, Inc. (DTS) of Seal Beach, 

California. The acceleration sensors were mounted inside the bodies of the custom built SLICE 

6DX event data recorders and recorded data at 10,000 Hz to the onboard microprocessor. Each 

SLICE 6DX was configured with 7 GB of non-volatile flash memory, a range of Ñ500 gôs, a 

sample rate of 10,000 Hz, and a 1,650 Hz (CFC 1000) anti-aliasing filter. The ñSLICEWareò 

computer software programs and a customized Microsoft Excel worksheet were used to analyze 

and plot the accelerometer data. 

3.5.2 Rate Transducers 

Two angle rate sensor systems were utilized to measure the rates of rotation of the 

vehicles during testing. Both were SLICE MICRO Triax ARS units, with a range of 1,500 
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degrees/sec in each of the three directions (roll, pitch, and yaw). The angular rate sensors were 

mounted inside the bodies of the two custom built SLICE 6DX event data recorders and recorded 

data at 10,000 Hz to the onboard microprocessor. The raw data measurements were then 

downloaded, converted to the proper Euler angles for analysis, and plotted. The SLICEWare 

computer software program and a customized Microsoft Excel worksheet were used to analyze 

and plot the angular rate sensor data. 

3.5.3 Retroreflective Optic Speed Trap 

The retroreflective optical speed trap was used to determine the speed of the vehicle 

before impact. Five retroreflective targets, spaced at approximately 18-in. (457-mm) intervals, 

were applied to the sides of the vehicles. When the emitted beam of light was reflected by the 

targets and returned to the Emitter/Receiver, a signal was sent to the data acquisition computer, 

which recorded at 10,000 Hz, as well as activated the External LED box. The speed was then 

calculated using the spacing between the retroreflective targets and the time interval between the 

signals. LED lights and high-speed digital video analysis are only used as a backup in the event 

that vehicle speeds cannot be determined from the electronic data. 

3.5.4 Load Cells and String Potentiometers 

Load cells were spliced into each cable upstream from impact. The cables in each test 

were numbered 1 through 4 starting at the bottom cable. For test no. MWP-4 the load cells on 

cable nos. 2 and 4 were located between post nos. 5 and 6, and the load cells on cable nos. 1 and 

3 were located between post nos. 6 and 7. For test nos. MWP-6 and MWP-7, the load cells on 

cable nos. 2 and 4 were located between post nos. 6 and 7, and the load cells on cable nos. 1 and 

3 were located between post nos. 7 and 8. All four load cells were Transducer Techniques model 

no. TLL-50K with a load range up to 50 kips (222 kN). A string potentiometer was also attached 

to the upstream anchor foundation, labeled as post no. 1, for all three tests. The string 
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potentiometer was a Unimeasure model no. PA-50-70124 with a displacement range up to 50 in. 

(127 cm). During testing, output voltage signals were sent from the five transducers to a National 

Instruments PCI-6071E data acquisition board, acquired with LabView software, and stored on a 

personal computer at a sample rate of 10,000 Hz. The positioning and set up of the transducers 

are shown in Figure 10. 

 
Load Cells, Test No. MWP-4 

 

  
String Potentiometer Test Nos. MWP-4 through MWP-6 

 

Figure 10. Location of Load Cells and String Potentiometer 
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3.5.5 Digital Photography 

Two AOS VITcam high-speed digital video cameras, three AOS X-PRI high-speed 

digital video cameras, one AOS S- VIT 1531 high-speed digital video camera, three JVC digital 

video cameras, four GoPro Hero 3+ digital video cameras and two GoPro Hero 3 digital video 

cameras were utilized to film test no. MWP-4. Camera details, camera operating speeds, lens 

information, and a schematic of the camera locations relative to the system are shown in Figure 

11. 

One AOS VITcam high-speed digital video camera, one AOS S-VIT 1531 high-speed 

digital video camera, one AOS TRI-VIT 2236 high speed digital camera, two AOS X-PRI high-

speed digital video cameras, three JVC digital video cameras, four GoPro Hero 3+ digital video 

cameras, and two GoPro Hero 3 digital video cameras were utilized to film test no. MWP-6. 

Camera details, camera operating speeds, lens information, and a schematic of the camera 

locations relative to the system are shown in Figure 12. 

Two AOS Vitcam high-speed digital video cameras, one AOS S-VIT 1531 high-speed 

digital video camera, two AOS X-PRI high-speed digital video cameras, one AOS TRI-VIT 

2236 high speed digital video camera, three JVC digital video cameras, four GoPro Hero 3+ 

digital video cameras, one GoPro Hero 4 digital video camera, and two GoPro Hero 3 digital 

video cameras were utilized to film test no. MWP-7. Camera details, camera operating speeds, 

lens information, and a schematic of the camera locations relative to the system are shown in 

Figure 13. 

In each of the three tests, one of the GoPro cameras was mounted inside the test vehicle, 

and therefore does not appear on the camera placement schematic. 

The high-speed videos were analyzed using ImageExpress MotionPlus and RedLake 

MotionScope software programs. Actual camera speed and camera divergence factors were 
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considered in the analysis of the high-speed videos. A Nikon D50 digital still camera was also 

used, to document pre- and post-test conditions for all tests. 
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Camera  

No. 
Type 

Operating Speed 

(frames/sec) 
Lens Lens Setting 

AOS-1 AOS Vitcam 500 Cosmicar 12.5mm fixed 12.5mm 

AOS-2 AOS Vitcam 500 Sigma 28-70 28mm 

AOS-5 AOS X-PRI 500 TV Zoom 17-102 102mm 

AOS-6 AOS X-PRI 500 Fujinon 50mm fixed 50mm 

AOS-7 AOS X-PRI 500 Nikon 28mm fixed 28mm 

AOS-8 AOS S-VIT 1531 500 Nikon 28mm fixed 28mm 

GP-1 GoPro Hero 3 120   

GP-2 GoPro Hero 3 120   

GP-3 GoPro Hero 3+ 120   

GP-4 GoPro Hero 3+ 120   

GP-5 GoPro Hero 3+ 120   

GP-6 GoPro Hero 3+ 120   

JVC-2 JVC ï GZ-MG27u (Everio) 29.97   

JVC-3 JVC ï GZ-MG27u (Everio) 29.97   

JVC-4 JVC ï GZ-MG27u (Everio) 29.97   

Figure 11. Camera Locations, Speeds, and Lens Settings, Test No. MWP-4 
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Camera  

No. 
Type 

Operating Speed 

(frames/sec) 
Lens Lens Setting 

AOS-1 AOS Vitcam 500 Sigma 24-70 35mm 

AOS-5 AOS X-PRI 500 TV Zoom 17-102 102mm 

AOS-6 AOS X-PRI 500 Nikon 28mm fixed 28mm 

AOS-8 AOS S-VIT 1531 500 Sigma 24-135 85mm 

AOS-9 AOS TRI-VIT 2236 500 Cosmicar 12.5mm fixed 12.5mm 

GP-1 GoPro Hero 3 120   

GP-2 GoPro Hero 3 120   

GP-3 GoPro Hero 3+ 120   

GP-4 GoPro Hero 3+ 120   

GP-5 GoPro Hero 3+ 120   

GP-6 GoPro Hero 3+ 120   

JVC-2 JVC ï GZ-MG27u (Everio) 29.97   

JVC-3 JVC ï GZ-MG27u (Everio) 29.97   

JVC-4 JVC ï GZ-MG27u (Everio) 29.97   

Figure 12. Camera Locations, Speeds, and Lens Settings, Test No. MWP-6 
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Camera  

No. 
Type 

Operating Speed 

(frames/sec) 
Lens Lens Setting 

AOS-1 AOS Vitcam 500 Sigma 28-70 50mm 

AOS-3 AOS Vitcam 500 Fujinon 50mm fixed 50mm 

AOS-5 AOS X-PRI 500 Vivitar 135mm fixed 135mm 

AOS-6 AOS X-PRI 500 Nikon Nikkor 20 mm fixed 20mm 

AOS-8 AOS S-VIT 1531 500 Sigma 28-70 28mm 

AOS-9 AOS TRI-VIT 2236 500 Kowa 12.5mm 12.5mm 

GP-1 GoPro Hero 3 120   

GP-2 GoPro Hero 3 120   

GP-3 GoPro Hero 3+ 120   

GP-4 GoPro Hero 3+ 120   

GP-5 GoPro Hero 3+ 120   

GP-6 GoPro Hero 3+ 120   

GP-7 GoPro Hero 4 240   

JVC-2 JVC ï GZ-MG27u (Everio) 29.97   

JVC-3 JVC ï GZ-MG27u (Everio) 29.97   

JVC-4 JVC ï GZ-MG27u (Everio) 29.97   

Figure 13. Camera Locations, Speeds, and Lens Settings, Test No. MWP-7 
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4 DESIGN DETAILS TEST NO. MWP -4 

The non-proprietary, 4-cable median barrier system evaluated in test no. MWP-4 is 

shown in Figures 14 through 37. The test installation was constructed with a total length of 604 ft 

(184.1 m) on level terrain. The cable barrier system was comprised of several distinct 

components: (1) high-tension cables or wire ropes; (2) cable splices; (3) steel support posts;     

(4) cable-to-post attachment brackets; (5) breakaway end terminals; and (6) reinforced concrete 

foundations. Photographs of the test installation are shown in Figures 38 through 41. Material 

specifications, mill certifications, and certificates of conformity for the system materials are 

shown in Appendix A. 

Four ¾-in. (19-mm) diameter, Class A galvanized 3x7 (pre-stretched) wire ropes were 

utilized for the longitudinal cables. The barrier utilized a consistent 7½-in. (190.5-mm) cable 

spacing as the cables were placed at heights of 15½ in. (393.7 mm), 23 in. (584.2 mm), 30½ in. 

(774.7 mm), and 38 in. (965.2 mm) above the ground surface. The cables were numbered 1 

through 4, starting with the bottom cable and proceeding upward to the top cable.  

Cable nos. 1 and 3 were attached to the non-impact side of each post, while cable no. 2 

was attached to the impact side of each post, as shown in Figure 28. Cable no. 4 resided within 

the V-notch cut into the top of each post. MASH requires that cable barrier systems be tested 

with cable tensions set to the recommended tension at 100 degrees Fahrenheit. A cable 

tensioning chart was developed as a function of ambient air temperature for use when installing 

the barrier system, as shown in Table 3. Thus, the cables were tensioned to a pre-load of 2,500 lb 

(11.1 kN).  

Each of the four wire ropes contained a splice in the impact region, between post nos. 29 

and 33, as shown in Figure 15. Additionally, a load cell was spliced into each wire rope upstream 
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from impact, between post nos. 5 and 7, as shown in Figure 18. Details for the load cells, 

threaded rods, turnbuckles, end fittings, and rod couplers are provided in Figure 19. 

Table 3. Pre-Stretched Cable Tension Chart 

Ambient Air 

Temperature 

(Degrees Fahrenheit) 

Cable 

Tension 

(lb) 

110 2,240 

100 2,500 

90 2,760 

80 3,021 

70 3,281 

60 3,541 

50 3,801 

40 4,062 

30 4,322 

20 4,582 

10 4,842 

0 5,102 

-10 5,363 

-20 5,623 

-30 5,883 

-40 6,143 

 

The cables were supported by 58 line posts and anchored at the upstream and 

downstream ends with selected hardware from a prototype breakaway cable end terminal system. 

Post nos. 3 through 60 were Midwest Weak Posts (MWPs) measuring 83 in. (2,108 mm) in 

length. The MWPs were fabricated from bent 7-gauge (4.6-mm) sheet steel to a 3-in. x 1¾-in. 

(76-mm x 44-mm) cross section, as shown in Figures 28 through 31. The post spacing between 

adjacent MWPs was 10 ft (3.05 m). 

A prototype breakaway cable end terminal system was utilized at each end of the cable 

barrier system, as shown in Figures 16, 17 and 20 through 23. Post nos. 1 and 62 consisted of 4-

cable anchor bracket assemblies that were anchored to reinforced concrete foundations at both 

ends of the system. Post nos. 2 and 61 were slip-base support posts with attached hanger 
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hardware, as shown in Figures 24 through 27. The spacing between the cable anchor brackets 

and the adjacent slip-base support posts was 8 ft (2.4 m).  

Cable nos. 1 through 3 were attached to the MWPs using bolted, tabbed brackets. These 

brackets were fabricated from 12 gauge (2.7 mm) steel and bolted to the post utilizing a 
5
/16-in. 

(8-mm) diameter, 1-in. (25-mm) long bolt. Cable no. 4 was secured within the V-notch on top of 

each post with a 
3
/16-in. (5-mm) diameter brass keeper rod. Details for the cable-to-post 

attachment brackets and brass keeper rods can be found in Figures 28 through 34.  
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Figure 14. Test Installation Layout, Test No. MWP-4 
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Figure 15. Cable Splice Location and Detail, Test No. MWP-4 
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Figure 16. Cable Terminal Detail, Test No. MWP-4 
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Figure 17. Cable Anchor Detail, Test No. MWP-4 
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Figure 18. Load Cell and Turnbuckle Configuration, Test No. MWP-4 
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Figure 19. Load Cell Assembly Details, Test No. MWP-4 
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Figure 20. Cable Anchor Detail, Post Nos. 1 and 62, Test No. MWP-4 
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