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ABSTRACT 

Development and Validation of Finite Element Models and Analysis of Critical 
Parameters of High-Tension Cable Barrier Systems 

 

 This project focuses on the development, validation, and sensitivity analysis of 

finite element models of high-tension cable barrier systems. The literature review details 

the available cable barrier systems, performance reviews of high-tension systems, and the 

previous development of a low-tension cable barrier system. An overview of the finite 

element models created for this project based on a weaved high-tension cable barrier 

system and a parallel high-tension cable barrier system is provided. This is followed by 

the comparison of the created models with five previously conducted crash tests for 

verification and validation purposes. The effects of anchor spacing, number of cables, 

and tension on each system are then analyzed. For both systems, the peak deflection 

increases as the anchor spacing is increased until an upper asymptote for the deflection is 

reached. Reducing the initial cable tension also results in a greater peak deflection. 

Increasing the number of pretension cables also results in a greater peak deflection. The 

performance of the weaved and parallel systems with variation in the aforementioned 

variables is also compared. In all cases the weaved system provided a lower peak 

deflection. Finally, a recommendation for future areas of study is put forth.



 iv

TABLE OF CONTENTS 

 

Acknowledgement ……………………………………………………... ii
Abstract ………………………………………………………………… iii
Table of Contents ……………………………………………………… iv
List of Figures …………………………………………………………. vi
List of Tables …………………………………………………………... viii
Chapter 1- Introduction ………………………………………………… 1
Chapter 2- Literature Review …………………………………………... 3
       2.1   Available Cable Barrier Systems …………………………….. 3
       2.2   Reviews of High-Tension Cable Barrier Systems …………… 6
       2.3   Finite Element Analysis of Cable Barrier Systems ………….. 9
Chapter 3- Finite Element Models ……………………………………... 11
       3.1   Introduction …………………………………………………... 11
       3.2   Vehicle Models ………………………………………………. 16
       3.3   Cable Modeling ………………………………………………. 18
       3.4   Post Modeling ………………………………………………... 19
       3.5   Cable Anchor Modeling ……………………………………… 22
       3.6   Footing Modeling ……………………………………………. 23
Chapter 4- Validation ………………………………………………….. 26
       4.1   Introduction ………………………………………………….. 26
       4.2   Calculation of Maximum Dynamic Deflection for Simulations 27
       4.3   Calculation of Maximum Dynamic Deflection for Tests ……. 29
       4.4   BCR-1 …………………………………………………........... 31
       4.5   BCR-4 …………………………………………………........... 36
       4.6   BCR-5 …………………………………………………........... 42
       4.7   BUSA-C2 …………………………………………………….. 49
       4.8   CASS-1 ………………………………………………………. 54
 



 v

Chapter 5- Analysis and Comparison of Weaved and Parallel                  
    Systems ……………………………………………………………… 58
       5.1   Introduction …………………………………………………... 58
       5.2   Effects of Installation Length on Maximum Dynamic                 
               Deflection ……………………………………………………. 59
       5.3   Effects of Number of Cables on Maximum Dynamic 
               Deflection ……………………………………………………. 62
       5.4   Effects of Tension on Maximum Dynamic Deflection ……… 65
Chapter 6- Conclusion and Recommendations   67
       6.1   Summary ……………………………………………………... 67
       6.2   Recommendations for Future Study ......……………………...   69
References ……………………………………………………………… 70



 vi

LIST OF FIGURES 

 

Figure 2.1   Post/ Cable Configuration for Brifen WRSF ……………… 4
Figure 2.2   Post/ Cable Configuration for Gibralter System ………….. 6
Figure 3.1   Parallel System Sections ………………………………….. 14
Figure 3.2   Weaved System Sections ………………………………….. 15
Figure 3.3   C-2500 2000P/ Pickup Truck Model ……………………… 16
Figure 3.4   Geo Metro 820C/ Small Car Model ………………………. 17
Figure 3.5   Cable Section ……………………………………………… 18
Figure 3.6   Posts ……………………………………………………….. 20
Figure 3.7   Post Stress-Strain Curve ..…………………………………. 20
Figure 3.8   Post/ Cable Interaction ……………………………………. 21
Figure 3.9   Anchors for Weaved and Parallel Systems ……………….. 22
Figure 3.10   Parallel System Anchor Positions ..……………………… 23
Figure 3.11 Anchor Footings …………………………………………... 24
Figure 3.12 Post Footings ……………………………………………… 24
Figure 3.12 Comparison of Peak Dynamic Deflection for Variation in 
Soil Modeling  ………….……………………………………………… 

 
25

Figure 4.1   Points Selected for Calculation of Maximum Dynamic   
   Deflection ……………………………………………………………. 28
Figure 4.2   Sample Plot of Trace for Calculation of Maximum  
   Dynamic Deflection ………………………………………………….. 28
Figure 4.3   Measurement of Maximum Dynamic Deflection for Test ... 30
Figure 4.4   Deficiencies of Measurement Method ……………………. 30
Figure 4.5   Energy Plot for BCR-1 Validation ………………………... 32
Figure 4.6   Cable Engagement for BCR-1 Test and Simulation ………. 33
Figure 4.7   Comparison of Yaw in Test and Simulation for BCR-1 ….. 34
Figure 4.8   Sequential Images of Test and Simulation for BCR-1 ……. 35
Figure 4.9   Installation on Sloped Terrain …………………………….. 37
Figure 4.10 Energy Plot for BCR-4 Validation ………………………... 38



 vii

Figure 4.11 Cable Engagement for BCR-4 Test and Simulation ………. 39
Figure 4.12 Comparison of Yaw in Test and Simulation for BCR-4 ….. 40
Figure 4.13 Sequential Images of Test and Simulation for BCR-4 ……. 41
Figure 4.14 Energy Plot for BCR-5 Validation ………………………... 44
Figure 4.15 Cable Engagement for BCR-5 Test and Simulation ………. 45
Figure 4.16 Comparison of Yaw in Test and Simulation for BCR-5 …. 46
Figure 4.17 Sequential Images of Test and Simulation for BCR-5 ……. 47
Figure 4.18 Energy Plot for BUSA-C2 Validation ……………………. 50
Figure 4.19 Cable Engagement for BUSA-C2 Test and Simulation …... 51
Figure 4.20 Comparison of Yaw in Test and Simulation for BUSA-C2 . 52
Figure 4.21 Sequential Images of Test and Simulation for BUSA-C2 … 53
Figure 4.22 Energy Plot for CASS-1 Validation ………………………. 55
Figure 4.23 Cable Engagement for CASS-1  Test and Simulation ……. 56
Figure 4.24 Sequential Images of Test and Simulation for CASS-1 …...  57
Figure 5.1   Effect of Installation Length for Three-Cable Systems ..….. 59
Figure 5.2   Dissipation of  Cable Tension for 1000 m Weaved and  
   Parallel Systems …..………………………………………………….. 61
Figure 5.3   Maximum Total Force at Rearward Anchor ……………… 62
Figure 5.4   Effect of Number of Cables for Weaved and Parallel  
   Systems …..…………………………………………………………... 63
Figure 5.5   Cable Engagement ………………………………………… 64
Figure 5.6   Effect of Tension for Weaved and Parallel Systems ……… 65
 
 
 
 
 
 
 



 viii

LIST OF TABLES 

 

Table 3.1   Summary of Material Definitions .………….……………… 12
Table 3.2   Summary of Validation Models …………….……………… 12
Table 3.3   Summary of Simulation Models ...………….……………… 13
Table 5.1   Deflection Values for Simulations………………………….. 58



 1

CHAPTER 1 – INTRODUCTION 

 

The use of cable barrier systems on US roadsides and medians has increased  

dramatically in recent years due to several distinct advantages of the system. The primary 

benefit is a significant reduction in the magnitude of forces and injury severity in the 

instances of an impact. A number of generic and high-tension systems have been tested 

and approved for use on U.S. Highways. These systems are primarily deployed on flat 

terrain because the reduction in forces comes at the expense of significantly larger system 

deflections. An overview of the common cable systems and several performance studies 

is provided in the literature review. High-tension cable systems have become effective 

alternatives to the lower tension systems over the past decade due to the advantage of 

lower deflection during impacts and reduced maintenance costs over the standard low 

tension systems. Although all the systems in use have met NCHRP Report 350 guidelines, 

the available performance guides are not comprehensive and several key design variables 

are not fully addressed.  

 This study analyzes the effects of several of these variables on the performance of 

high-tension cable barrier systems.  The variables examined are installation length, cable 

weaving, the number of cables, and initial system tension. A total of 22 configurations of 
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these variables were tested. To conduct such a study using full-scale crash tests would 

have been impractical.  The costs would be prohibitively high and the testing of the 

longer installations is beyond the capacity of most crash test facilities. The approach used 

for this study focuses on more practical and cost effective finite element simulations. The 

accuracy of the modeling techniques were first validated by replicating previously 

conducted crash tests. The tests were used to ensure that the assumptions and alterations 

made for the study did not detract from the validity of the methods used. Once the 

performance of the models matched the full scale tests, models representing the 22 

variable configurations were created and the simulations run. The results of the 

simulations were used for the comparison and analysis of the variables examined. 
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CHAPTER 2 – LITERATURE REVIEW

 

2.1 AVAILABLE CABLE BARRIER SYSTEMS  

In 2007 Alberson et al published a report with guidelines for the selection and 

installation of cable barriers.1 In addition to the generic low-tension system, the report 

identified five proprietary high-tension cable barrier systems: the Brifen Wire Rope 

Safety Fence (WRSF), the Safefence 350 Wire Rope Barrier produced by Blue Systems, 

the Nucor High Tension Cable Barrier, the CASS Cable Safety System produced by 

Trinity Industries, and the Cable Barrier System produced by Gibraltar. 

Several generic low-tension cable barrier systems are identified by the American 

Association of State Highway and Transportation Officials (AASHTO) Roadside Design 

Guide.2  The median barrier system consisted of a 1770 mm long S-shaped post spaced at 

4.88 meters on center. The system had three cables. The lowest cable was placed at 530 

mm. The middle cable was placed at 650 mm. The top cable was placed at 770 mm. The 

top and bottom cables were installed on the opposite side of the post from the middle 

cable. The design guide also identified three three-cable systems for roadside barriers. 

Systems were specified using S-shaped posts, C-channel posts, and modified wood posts.  

The spacings were 5 meters, 5 meters, and 3.8 meters, respectively for the three systems. 
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For the system with S-shaped posts, the cable heights were 610 mm, 685 mm, and 760 

mm. For the system with C-channel posts, the cable heights were 540 mm, 615 mm, and 

690 mm. For the system with modified wood posts, the cable heights were 510 mm, 610 

mm, and 710 mm.  

The Brifen Wire Rope Safety fence was accepted as a National Cooperative 

Highway Safety Program (NCHRP) Report 350 test level 3 (TL-3) traffic barrier in 

2001.3 The original design consisted of 1525 mm long S-shaped posts spaced at 3.2 

meters on center. The system consisted of four cables. The lowest cable was placed at 

510 mm. The two middle cables were placed on either side of the post at 675 mm. The 

top cable was placed at 720 mm. The lower three cables intertwined between each post 

spacing as illustrated in Figure 1. The cables were tensioned to 14 kN to 36 kN 

depending on the ambient temperature. The cables were connected to a single anchor. A 

TL-4 system with modification to the cable heights and a 3 cable TL-3 system were also 

later approved.4,5 

 

 

Figure 2.1 : Post Cable Configuration for Brifen WRSF 
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The Safefence 350 Wire Rope Barrier produced by Blue Systems was approved as 

a NCHRP Report 350 TL-3 traffic barrier in 2001.6 The original design used 2100 mm 

long elliptical shaped posts spaced at 2.5 meters on center. The system consisted of four 

cables placed on the traffic side of the posts at heights of 480 mm, 630 mm, 780 mm, and 

930 mm. The cables were connected to a single anchor and tensioned to 800 kPa to 3200 

kPa depending on the ambient temperature. A TL-3 system for bi- directional traffic was 

later approved.7 This system used 1900 mm long I-section posts with cable heights of 480 

mm, 560 mm, 640 mm, and 720 mm. The cables were placed in vertical slots cut in the 

web of each post and held at the proper height by spacers. 

 The Nucor High Tension Cable Barrier was approved as a NCHRP Report 350 

TL-3 traffic barrier in 2002.8 The original design used 1664 mm long U-channel posts 

spaced at 2 meters on center. The system consisted of three cables at heights of 545 mm, 

650 mm, and 775 mm. For a median system, the top and bottom cables were attached to 

one side of the post with the middle cable attached to the other. The system was also 

approved as a roadside barrier with all three cables on the traffic side of the post. The 

cables were tensioned to 25 kN for an ambient temperature of 21 degrees C. Each cable 

was connected to a separate anchor. Later approved modification included alternate post 

anchors and an increase in the post spacing.9 

 The CASS Cable Safety System produced by Trinity Industries was approved as a 

NCHRP Report 350 TL-3 traffic barrier in 2003.10 The original design used 1600 mm 

long C-channel posts spaced at 3 meters on center. The system consisted of three cables 

at heights of 530 mm, 640 mm, and 750 mm. The cables were placed in vertical slots cut 

in the web of each post and held at the proper height by spacers and tensioned to 24 kN. 
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Each cable was connected to a separate anchor. Later approved modifications included 

post spacings of 2 meters and 5 meters, a 4 cable TL-4 system, and alternative post 

designs.11, 12, 13, 14  

 The Cable Barrier System produced by Gibraltar was approved as a NCHRP 

Report 350 TL-3 traffic barrier in 2005.15 The original design used 1220 mm long C-

channel posts spaced at 4.57 meters on center. The system consisted of three cables at 

heights of 508 mm, 635 mm, and 762 mm. The posts were installed on alternating sides 

of the cables as illustrated in Figure 2. The cables were connected to a single anchor and 

tensioned to 21.4 kN. Later approved modifications included an increase in post length 

and change to cable heights for a TL-4 traffic barrier, addition of a fourth cable for a TL-

4 traffic barrier, and placement of the system on a slope up to 4H: 1V.16, 17, 18 

 

 

Figure 2.2: Post Cable Configuration for Gibraltar System 

 

2.2 REVIEWS OF HIGH-TENSION CABLE BARRIER SYSTEMS  

In 2002 the Ohio Department of Transportation began using the Brifen WRSF.19 

They installed the system on a 14.5 mile section of an urban interstate with a typical 

shoulder width of four feet, median width of sixty ft, and slope of 10H: 1V. The average 

daily traffic on the stretch ranged from 8,000 to 10,000. After three years, an evaluation 

of the system was conducted. There was an average of 4 system penetrations per year. 
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The number of fatalities and fatalities from crossover collisions on the section of 

interstate decreased from twenty-one to four and nine to zero respectively. The evaluation 

also noted that the system was hit by several vehicles exceeding its design capacity – a 

single unit truck, semi-truck, MAC truck, and fire truck – with only one of these impacts 

resulting in penetration. 

In 2004 the Colorado Department of Transportation conducted an evaluation of 

the cable barrier systems used in Colorado, including the collision histories of several 

installations of Brifen tensioned WRSF.20 For one case, two separate impacts occurred 

within close proximity separated by only five minutes. Both vehicles were successfully 

redirected with no reported injuries to the occupants. The evaluation also reported that in 

most cases repairing four to six posts after an impact took less that two hours and that the 

cables rarely needed to be replaced and were not needed to be stocked by the agency 

tasked with maintaining the system.  

In 2005 the Rhode Island Department of Transportation installed the CASS 

system.21 They later conducted an evaluation of the performance of the system. It was 

noted that while the number of median related accidents increased, there were no reported 

crossover collisions, injuries, or fatalities. 

In 2005 the Traffic Operations Laboratory at the University of Illinois issued a 

report based on Illinois Department of Transportation survey of the practices and 

performance of high-tension cable barriers.22 According to the report, Ohio had 200 

reported hits with no fatalities and one penetration on Brifen WRSF installations, 30 hits 

with no fatalities or cases of penetration on US High Tension Cable System installations, 

and 25 hits with no fatalities or cases of penetration on CASS installations. Oklahoma 
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was reported to have 238 hits with no fatalities and three injuries on the Brifen WRSF 

installations. Additionally, Oklahoma reported that an average 5.3 posts needed to be 

replaced per incident for the Brifen WRSF. The report concluded that the redirecting 

capability of high-tension cable barrier systems was acceptable and there was a greatly 

reduced crash severity compared to other barrier systems. It also concluded that the 

different systems performed similarly when impacted by passenger vehicles. 

In 2005 the Utah Department of Transportation conducted an evaluation of two 

high-tension cable barrier installations.23 The first was a two mile installation of Brifen 

WRSF at the bottom of a 36ft wide median with a 6H: 1V slope on a stretch of highway 

with an average daily traffic of 110,000. Over the 18 month evaluation of this system, 

there were 11 hits with two cases of under-ride and one case of override. One serious 

injury was reported. The second was an eight mile installation of CASS in a 36ft wide 

median with a 4H: 1V to 5H: 1V slope on a stretch of highway with an average daily 

traffic of 120,000. Over the 16 month evaluation of this system, there were 74 hits with 

two cases involving serious injury (although in both cases there was another contact 

before the vehicle entered the median). According to the report, the system usually 

remained functional after an impact. For this system four to five posts typically needed to 

be replaced after an impact. The repairs typically took 30 to 60 minutes. 

In 2007 the Washington State Department of Transportation issued a report after 

an independent review of its cable barrier policy following a fatal crossover collision 

involving the override of a CASS system installation by an SUV.24 The report found that 

the height of the SUV bumper reinforcement relative to the top cable (27 in versus 28.8 

in), the 6H: 1V slope at the point of impact, and the fact that the SUV hit and bent a post 



 9

(possibly lowering the cables before they could engage the vehicle) contributed to the 

override. The review recommended that the state install concrete barriers on the stretch of 

highway near the collision, but that it not change its implementation of cable barriers. It 

highlighted the reduction in cross over collisions and fatalities attributed to the use of 

cable barriers. Additional research in the placement of cable barriers for medians with 

sloped banks and the effects of vehicle height on the effectiveness of cable barriers was 

suggested. 

 

2.3 FINITE ELEMENT ANALYSIS OF CABLE BARRIER SYSTEMS 

 Finite element modeling has been used extensively in the analysis of vehicle 

impacts and crash worthiness studies.25,26,27,28,29,30,31,32,33  A detailed methodology for 

creating and validating finite element models for use in impact studies was created and 

further developed as the number of applications, robustness, fidelity, and size of finite 

element analysis for crashworthiness studies has expanded.34,35,36,37,38,39,40,41,42,43,44  The 

methodology addresses the process necessary to develop and validate finite element 

models used for the studies. Numerous models have been developed to represent the 

vehicle fleet.45,46,47,48 Many of the models developed by the National Crash Analysis 

Center are available to the public on the center’s website.49  

Additionally, many studies relating specifically finite element analysis of roadside 

hardware have been conducted50,51,52,53,54,55. These studies have included modeling and 

evaluating narrow objects56,57, signs58,59, barrier systems60,61, guardrails62,63,64,65, and cable 

barriers.66,67,68 In 2007 Marzougui et al developed and validated a finite element model 

for analysis of a low-tension three-strand cable barrier.69 The model development focused 
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on four critical interactions. The details of how the finite element model accurately 

represented the interaction between the posts and hook bolts, the soil and posts, the cables 

and hook bolts, and the cables and vehicle were provided. The model was validated using 

a previously conducted full scale crash test. Additional analysis of the effects of terrain 

slope was reported. The modeling techniques developed in this project were used as a 

starting point for the modeling of high-tension systems. 
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CHAPTER 3 – FINITE ELEMENT MODELS

 

3.1 INTRODUCTION 

 The validation and analysis for this project required the development and use of a 

number of finite element models. Two previously developed and validated vehicle 

models were used. Cable barrier models of several lengths and tensions were created for 

three-cable and four-cable versions of the weaved and parallel high-tension cable barrier 

systems. The cable system modeling technique and material properties were based on 

those developed by Marzougui et al69. This chapter provides a description of these 

techniques and modifications made to account for the cable tensioning. One concern 

during the development of these models was the required processing time. The 

processing time was reduced by simplifying the materials to linear-elastic or rigid 

definitions and using rigid boundary conditions where these modifications did not affect 

the correlation of the simulation to the test data. The components of the cable barrier 

system and the corresponding material definition are shown in Table 3.1. Due to the 

proprietary nature of the each of the cable systems, specific material property values were 

excluded. A tabulated summary of the 5 models used for the validation and the 22 models 

used for validation are shown in Table 3.2 and Table 3.3 respectively. The above-ground 
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sections of the three-cable and four-cable weaved and parallel systems are shown in 

Figure 3.1 and Figure 3.2. 

 

Table 3.1: Summary of Material Definitions 

Component Material Definition 

Post Piecewise Linear Plastic 

Sleeve Rigid 

Pins Linear Elastic 

Cable  Linear Elastic 

Reinforcing Bar Rigid 

Anchor Rigid 

Anchor Plate Piecewise Linear Plastic 

Concrete Rigid 
 

Table 3.2: Summary of Validation Models 

Cable 
System 

Number 
of Cables 

Anchor 
Spacing 

Test 
Vehicle 

Model Size 
(Number of Elements) 

Weaved 3 111 2000P 183841 

Weaved 4 100 2000P 175447 

Weaved 4 100 820C 175447 

Weaved 3 278 2000P 443421 

Parallel 3 102 2000P 172583 
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Table 3.3: Summary of Analysis Models 

Cable 
System 

Number 
of Cables 

Anchor 
Spacing 

Cable 
Tension 

Model Size 
(Number of Elements) 

Weaved 3 100 m 24 kN 166762 

Weaved 3 200 m 24 kN 314314 

Weaved 3 300 m 24 kN 461866 

Weaved 3 500 m 24 kN 756970 

Weaved 3 1000 m 24 kN 1528613 

Parallel 3 100 m 24 kN 172583 

Parallel 3 200 m 24 kN 317093 

Parallel 3 300 m 24 kN 465969 

Parallel 3 500 m 24 kN 763721 

Parallel 3 1000 m 24 kN 1508101 

Weaved 4 100 m 24 kN 175447 

Weaved 4 500 m 24 kN 806329 

Weaved 4 1000 m 24 kN 1587421 

Parallel 4 100 m 24 kN 263643 

Parallel 4 500 m 24 kN 965259 

Parallel 4 1000 m 24 kN 1842279 

Weaved 4 100 m 15 kN 175447 

Weaved 4 500 m 15 kN 806329 

Weaved 4 1000 m 15 kN 1587421 

Parallel 4 100 m 15 kN 263643 

Parallel 4 500 m 15 kN 965259 

Parallel 4 1000 m 15 kN 1842279 
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3.2 VEHICLE MODELS 

 A previously validated C-250049 pickup truck model representing a National 

Cooperative Highway Safety Program (NCHRP) Report 350 2000P test vehicle was used 

for the validation and analysis. The model was made of 249 parts with each part having 

separately defined material properties and section properties. It consisted of 54479 shell 

elements and 3561 solid elements. There were 66485 nodes defined. There were 594 

spot-welds and 942 nodal rigid bodies. The model contained 26 joints – 16 revolute and 

10 spherical. The total mass of the vehicle was 2035 kg. The finite element model is 

shown in Figure 3.3.  

 

 

 

Figure 3.3: C-2500 2000P / Pickup Truck Model 
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 A previously validated Geo Metro49 model representing a NCHRP Report 350 

820C (small car) test vehicle was used for the validation and analysis. The model was 

made of 229 parts. A total of 213 sections and 210 materials were defined. The model 

consisted of 24169 shell elements and 163 solid elements. There were 28723 nodes 

defined.  There were 787 spot-welds and 398 nodal rigid bodies. The model contained 33 

joints – 4 cylindrical, 12 revolute, 16 spherical, and 1 translational. The total mass of the 

vehicle was 896 kg. The finite element model is shown in Figure 3.4.  

 

 

Figure 3.4: Geo Metro  820C / Small Car Model 
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3.3 CABLE MODELING 

 The cables for the models were created using beam elements with the cross-

sectional and material properties of the specified cable. A linear elastic material 

definition (MAT 001) was used for the cable beam. In order to accurately capture the 

bending properties of the cable, Belytscho-Schwer beam formulation was used. This 

formulation was found to provide the best balance of computationally efficiency and 

accuracy when representing the bending properties of the cable with beam elements. To 

accurately replicate the beam to post interaction and the beam to vehicle interaction, each 

beam was surrounded by shell elements with null properties. The beams were connected 

to the null shell elements using nodal rigid body connections. The null shell elements 

improve the contact between the cable and the interacting components. Figure 3.5 

illustrates one segment of the modeled cable. The necessary pretension stress was applied 

to the beam elements in the initialization phase of the simulation.  

 

Figure 3.5: Cable Section 
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  For the three-cable weaved system, the cables were placed at heights of 460 mm, 

600 mm, and 720 mm. For the three-cable parallel system the cables were placed at 

heights of 530 mm, 640 mm, and 750 mm. For the four-cable weaved system, the cables 

were placed at heights of 470 mm, 620 mm, 780 mm and 930 mm. For the four-cable 

parallel system the cables were placed at heights of 530 mm, 640 mm, 750, and 970 mm. 

 

3.4 POST MODELING 

The three and four cable weaved systems used S-shaped posts. Figure 3.6 shows a scale 

comparison of the posts used in each of the four systems.  For the three-cable system the 

bottom two cables were weaved and the top cable was installed in a channel in the web. 

For the four-cable system the bottom three cables were weaved and the top cable was 

installed in a channel in the web. The weaved cables rested on small pegs rigidly attached 

to the post. The three-cable parallel system used C-channel posts. The four-cable parallel 

system used I-beam posts. In both cases the cables were installed in a channel in the web 

and held in place by spacers. For the four-cable parallel system, there were two holes in 

each flange at ground level to intentionally weaken the post. The posts were modeled 

with elasto-plastic material properties (MAT 24). For this material definition the stress-

strain curve was specified in the model. Strain rate was also accounted for using the 

Cowper and Symonds model which scales the yield stress with the factor   

 

     is the strain rate.  C and P are strain rate parameters determined to be 90 and 4.5 

respectively. Both the strain rate parameters and the stress strain curve were derived from 

experimental data. Figure 3.7 illustrates the stress-strain curve. 
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Figure 3.6: Posts 

 

 

Figure 3.7: Stress-Strain Plot 
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 For each case where the cable was installed in the post channel, a set of shell 

elements with null properties was created at the contact area. This set of null elements 

had a finer mesh than the rest of the post. The advantage of this modeling technique was 

to improve the contact recognition without changing the time step or computational 

efficiency. Figure 3.8 illustrates the mesh for the post to cable interaction. 

 

 

Figure 3.8: Post / Cable Interaction  
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3.5 CABLE ANCHOR MODELING 

 For the system the connection between the cable and anchor was considered rigid. 

The cable anchors and anchor plates were modeled with elasto-plastic material properties 

(MAT 24) and the specified stress-strain curve described for the posts. The cables for the 

three and four cable weaved systems were connected to a single anchor at each end using 

nodal rigid body connections. For the three-cable and four-cable parallel system each 

cable was connected to a separate anchor post using nodal rigid body connections. The 

anchors are illustrated in Figure 3.9. For the parallel systems, the anchors were spaced at 

1.9 meters in the direction parallel to the system installation and offset to either side so 

that the cables did not contact the anchor posts for other cables. Figure 3.10 shows the 

anchor arrangement for the four-cable parallel system. 

 

 

Figure 3.9: Anchors for Weaved and Parallel Systems 
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Figure 3.10: Parallel System Anchor Positions 

 

3.6 FOOTING MODELING 

 The anchors and anchor posts were installed in concrete footings. The posts were 

installed in steel sleeves and anchored in concrete footings. For the weaved system, the 

footings for the anchors were 1227 mm in diameter and 914 mm deep. The footing for 

the first post was 355 mm in diameter and 914 mm deep. The footings for the typical 

posts were 305 mm in diameter and 762 mm deep. This outer half of this anchor was 

sloped as illustrated in Figure 3.11. For the parallel system, the footings for the anchors 

were 490 mm in diameter and 1882 mm deep. The footings for the typical posts were 355 

mm in diameter and 914 mm deep.  Figure 3.11 and Figure 3.12 show scale comparisons 

of the anchor footings and post footings respectively. 
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Figure 3.11: Anchor Footings    

 

 

 

Figure 3.12: Post Footings 
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 From the testing reports and validation simulations it was determined that there 

was little if any movement of the footings. Simulations of a 100 m cable installation with 

the C2500 were run to compare the effects of incorporating a flexible soil (modeled as 

MAT 193) with a rigidly placed footings (with respect to the soil) and footings modeled 

as a rigid material (MAT 020) with the Young’s modulus and Poisson’s Ratio defined for 

the purpose of the interaction between the footing and the sleeve or anchor. The dynamic 

deflection, the target output of this study, did not vary significantly between the two 

modeling approaches. A time history of this measurement is shown in Figure 3.13.  The 

difference in peak dynamic deflection between the two simulations was less than 2 

percent.  The reduction in computational cost associated with using rigid material model 

in place of the flexible soil model was 58 percent. Because the modeling techniques 

greatly increased the computational efficiency of  the simulations without adversely 

affecting the output of interest, the modified approach was utilized throughout the 

remaining simulations.  
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Figure 3.13: Comparison of Peak Dynamic Deflection for Variation in Soil Modeling 
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CHAPTER 4 – VALIDATION AND VERIFICATION 

 

4.1 INTRODUCTION 

 Five previously conducted crash tests were used to validate the performance of 

the cable barrier modeling that was used in this analysis. The first case was used for the 

validation of a three-cable weaved model70. The second and third cases were used to 

validate the assumption that the modeling technique was still accurate for changes to the 

number of cables and cable locations71,72. The fourth case was used to confirm that the 

modeling technique was still accurate for increases in the length of the installation73. The 

fifth case was used to validate the assumption that the modeling technique used for the 

weaved system could also be applied to a parallel system74. The two most significant 

changes to the modeling technique from this validation process as outlined in the 

previous chapter were the use Belytscho-Schwer beam formulation for the cable 

modeling and the consideration of the footing-soil interaction as rigid. 

 For each case, the model and terrain slope was configured to match the test setup. 

The primary component of validation analysis was a comparison of the maximum 

dynamic deflection. The accuracy of this measurement was particularly important 

because it would be the focus of the sensitivity analysis and comparison that the validated 
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models would be used for. In addition the vehicle trajectories were compared using 

analysis of the vehicle yaw angle and a visual comparison of the simulation and test. The 

energies of simulation were examined to verify there was no significant change in the 

total energy of the system.  The hourglass energy, a representation of one area of 

computational inaccuracy stemming from the integration methods used in finite element 

modeling, was also verified to be an acceptably low in proportion to the total energy for 

each case. Because of the duration and variation of the test, the simulations did not 

exactly replicate the test they represented. For each case though, the differences were 

well within the acceptable range to consider the models validated for the study that 

follows. An overview of the test and a comparison of the simulation and crash test results 

are provided in this chapter. 

 

4.2 CALCULATION OF MAXIMUM DYNAMIC DEFLECTION FOR 

SIMULATIONS 

 To determine the maximum dynamic deflection from the simulation, three points 

were selected on the vehicle.  The points were located on the front bumper, the front 

driver-side door, and the rear bumper as illustrated in Figure 4.1. The y-coordinate 

(deflection) for the three values relative to the centerline of the cable installation were 

plotted versus time as shown in Figure 4.2. The highest value for the three traces was 

taken as the maximum dynamic deflection. 
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Figure 4.1: Points Selected for Calculation of Maximum Dynamic Deflection  
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Figure 4.2: Sample Plot of Trace for Calculation of Maximum Dynamic Deflection 
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4.3 CALCULATION OF MAXIMUM CONTROLLING DESIGN PARAMETERS 

FOR BARRIER TESTS 

 To determine the maximum dynamic deflection for the tests, measurements were 

taken following the impact. The distance from the driver-side tire tracks to the impact 

side of the installation was taken at the location of the posts. Figure 4.3 illustrates the 

measurement of dynamic deflection. There are several reasons that this measurement 

technique is slightly inaccurate. The first is that the outermost point of the tire-to-ground 

contact is not the outermost point of the vehicle. The front bumper, door panel, and rear 

bumper are 2-4 inches further out. If the vehicle has a roll angle, this difference could be 

increased by as much as a factor of 2-3. This was particularly important in the two tests 

of system installations on sloped terrain. In addition, if the vehicle had a yaw angle (if it 

was not traveling parallel to the system installation) at the time of the maximum 

deflection the deflection at the front or rear of the vehicle would be more than the 

deflection at the location of the tires. For the tests of installations on sloped terrain, there 

was also a significant portion of time where the vehicle was airborne and the 

measurements had to be estimated. These deficiencies are shown in Figure 4.4. Finally, 

because the measurements were only taken at the post locations (approximately 3 meters 

apart) and a spline line created to represent intermediate points, there was a strong 

possibility that additional error was added to the measurement of the maximum dynamic 

deflection. 
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 Figure 4.3: Measurement of Maximum Dynamic Deflection in Test 

 

 

Figure 4.4: Deficiencies of Measurement Method 
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4.4 BCR-1 

 The first test was used for model validation designated BCR-1. The test was 

carried out by the Southwest Research Institute on February 27, 2006. The test article was 

a 111 meter installation of a three-cable weaved system. The cables were installed at 

heights of 460 mm, 600 mm, and 720 mm. The post spacing for the system was 3.2 

meters from centerline to centerline. The posts were installed in concrete foundations 305 

mm in diameter and 760 mm deep. The system was built on flat terrain. The test vehicle 

used was a 2000P – C2500 pickup. The test weight of the vehicle, including all 

instrumentation, was 2139 kg. The impact speed was 97.2 km/hr. The impact angle was 

24.5 degrees.  

 A finite element model of the weaved system matching the test set up was created 

and the simulation was run with the C2500 model. A plot of the energies is shown in 

Figure 4.5. The most important component of the energy analysis is that the total energy 

remained constant throughout the simulation. The decrease in kinetic energy and increase 

in internal energy were small, as expected, because of the lack of stiffness inherent in the 

cable barrier system.  The hourglass energy was in the acceptable range for the 

simulation. 
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  In both the test and simulation, the top two cables were engaged. The cables 

engaged the front bumper and body of the vehicle. Figure 4.6 shows the cable 

engagement. The maximum dynamic deflection for the simulation was 2.2 meters. The 

maximum dynamic deflection for the test was 2.1 meters. A comparison of the vehicle 

yaw for the test and simulation is shown in Figure 4.7. A side-by-side comparison of 

sequential images of the test and simulation taken from an overhead camera is shown in 

Figure 4.8.  

 

 

 

 

 

Figure 4.6: Cable Engagement for BCR-1 Test and Simulation  
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 The most significant difference between the simulation and test for this case was 

that the middle cable failed in the test. This is the only case for any of the tests where a 

cable failed. Additional tests (including TL-4 tests using a small box truck) were 

examined and no cable failure was observed. For this reason it was assumed that the 

cable failure was due to an installation or material defect and an attempt to match the 

failure in the simulation was not made. The simulation and test still matched up very well 

because the cable failed after the initial impact where it contributed to redirecting the 

vehicle. 

 

4.5 BCR-4 

 The second test used for model validation was designated BCR-4. The test was 

carried out by the Southwest Research Institute on March 1, 2006. The test article was a 

100 meter installation of a four-cable weaved system. This validation was used to 

confirm the assumption that the cables in the barrier models could be adjusted to 

accurately represent different heights and configurations. The cables for this system were 

installed at heights of 470 mm, 620 mm, 770 mm, and 930 mm. The post spacing for the 

system was 3.2 meters from centerline to centerline. The posts were installed in concrete 

foundations 305 mm in diameter and 760 mm deep. The system was built on sloped 

terrain (4H: 1V). It was offset 0.6 meters from the edge of the pavement. Figure 4.9 

shows the installation setup. There were no tests of four-cable installations on flat terrain 

available, so this test was chosen even though the validated system would only be used 

for analysis of an installation on flat terrain. The test vehicle used was a 2000P – C2500 
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pickup. The test weight of the vehicle, including all instrumentation, was 2139 kg. The 

impact speed was 101.4 km/hr. The impact angle was 24.1 degrees.  

 

 

          Figure 4.9: Installation on Sloped Terrain 

 

 A finite element model of the weaved system matching the test set up was created 

and the simulation was run with the C2500 model. A plot of the total, kinetic, internal, 

and hourglass energies is show in Figure 4.10. The increase in total energy of the system 

was small for the validation simulation. The decrease in kinetic energy and increase in 

internal energy were larger for this validation simulation than for the other C2500 

validations. The most likely explanation for this is the secondary impact with the ground 

(seen in the drop in kinetic energy and increase in internal energy at approximately .45 

seconds into the simulation). The hourglass energy relative to the total energy was higher 

than for the other simulations. However, given the duration of the contact with the cables, 

it was considered acceptable for validation purposes.
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 In both the test and simulation the top two cables were engaged. For both cases 

the cables contacted the front bumper then the driver-side front tire and were directed to 

the wheel well. Figure 4.11 illustrates the cable engagement for BCR-4. The maximum 

dynamic deflection for the simulation was 2.82 meters. The maximum dynamic 

deflection for the test was 2.7 meters. The vehicle yaw for the test and simulation is 

shown in Figure 4.12. A side-by-side comparison of sequential images of the test and 

simulation is shown in Figure 4.13. Because the installation was located on sloped terrain, 

the testing did not include an overhead camera. It should be noted that the camera and 

simulation frames do not present the same view because the camera captured a 

perspective view of the impact while the analysis software could only present an 

isometric view.  

 

 

 

Figure 4.11: Cable Engagement for BCR-4 Test and Simulation 
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For the test and simulation, there were minor differences in the roll and pitch of 

the vehicle. The difficulty in matching the test and simulation was greatly increase by the 

addition variables involving the sloped terrain. Small variations in the tire-soil interaction 

and the vehicle impact angle lead to significant difference in the vehicle trajectory. 

Similar variation could reasonably be expected if the full-scale testing was repeated as 

well. For this reason and because of the error introduced by the measuring technique for 

the test, the match between the simulation and the test was considered acceptable. 

 

4.6 BCR-5 

 The third test used for model validation was designated BCR-5. The test vehicle 

used was an 820C – small car. Because of the addition variable introduced by the 

installation of the four-cable system on sloped terrain, a second validation case was 

desired. The only other available test of a four-cable system was the small car. The case 

was used even though all of the analysis of the four-cable weaved system would be done 

using a 2000p – C2500 pickup. The test was carried out by the Southwest Research 

Institute on March 1, 2006. The test article was a 100 meter installation of a four-cable 

weaved system. The cables were installed at heights of 470 mm, 620 mm, 770 mm, and 

930 mm. The post spacing for the system was 3.2 meters from centerline to centerline. 

The posts were installed in concrete foundations 305 mm in diameter and 760 mm deep. 

The system was built on sloped terrain (4H: 1V) and was offset 0.6 meters from the edge 

of the pavement as illustrated in Figure 4.9. The test weight of the vehicle, including all 

instrumentation, was 907 kg. The impact speed was 101.3 km/hr and the impact angle 

was 21.3 degrees.  
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 A finite element model of the weaved system matching the test set up was created 

and the simulation was run with the small car model. Figure 4.14 shows a time history of 

the total, kinetic, internal and hourglass energies for the simulation. The small increase in 

total energy was considered acceptable for this validation simulation. The decrease in 

kinetic energy and increase in internal energy relative to the total energy were again 

larger for this validation simulation than for the other system installations on flat terrain. 

The reasons for this are the same as for BCR-4. The hourglass energy was within the 

expected range for an impact of this duration. 
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In both the test and simulation the top three cables were engaged. For the test, the 

top cable engaged the upper frame of the vehicle (the A through C pillars and the 

windows). The middle two cables caught in the wheel well and engaged the vehicle body. 

For the simulation, the top two cables were caught in the wheel well and engaged the 

vehicle body. The third cable from the top engaged the front bumper and then the tire. 

Figure 4.15 illustrates the cable engagement for BCR-5. The maximum dynamic 

deflection for the simulation was 1.0 meters. The maximum dynamic deflection for the 

test was 1.2 meters. The vehicle yaw for the test and simulation is shown in Figure 4.16. 

A side-by-side comparison of sequential images of the test and simulation is shown in 

Figure 4.17. Because the installation was located on sloped terrain, the testing again did 

not include an overhead camera. The limitations of the frame comparison noted in the 

analysis of BCR-4 apply to Figure 4.17 as well.   

 

 

       Figure 4.15: Cable Engagement for BCR-5 Test and Simulation  
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Several factors contributed to the difference between the vehicle trajectory for the 

test and for the simulation. In additional variables and complexity introduced by having 

an airborne impact between the vehicle and cable barrier system as described in the 

analysis of BCR-4, there were differences between the vehicle used in the simulation and 

the vehicle used in the test. The vehicle used to represent the 820C – small car in the test 

was a 1998 Suzuki Swift. The vehicle model that was used for the simulation was a Geo 

Metro. Although the vehicles had almost identical mass properties and met the criteria for 

the 820C – small car, the minor differences in front geometry played a major role in the 

divergence in behavior.  

The most significant difference between the test and simulation was the manner 

that the top three cables were engaged – a direct result of the difference in forward 

geometry between the test vehicle and the simulation vehicle. The soil-tire interaction 

was another factor contributing to the difference between the model and validation. When 

the vehicle landed in the test, a tire dug into the dirt slope. This led to a significant 

yawing motion that was different from the simulation. There is not a computationally 

efficient way to model this behavior in LS-Dyna. In addition, it is unlikely that this would 

occur in a test on flat terrain. For these reasons, the differences between the simulation 

and test were considered acceptable and assumption that the cable height and 

configuration could be adjusted to represent different installations was valid. 
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4.7 BUSA-C2 

 The fourth test used for model validation was designated B-USA-C2. The test was 

carried out by the Southwest Research Institute on April 11, 2006. The test article was a 

278 meter installation of a three-cable weaved system. This validation was used to 

confirm that the shorter models could be expanded to represent longer installations. The 

cables were installed at heights of 460 mm, 600 mm, and 720 mm. The post spacing for 

the system was 3.2 meters from centerline to centerline. The posts were installed in 

concrete foundations 305 mm in diameter and 760 mm deep. The system was built on flat 

terrain. The test vehicle used was a 2000P – C2500 pickup. The test weight of the vehicle, 

including all instrumentation, was 2089 kg. The impact speed was 98 km/hr. The impact 

angle was 25.3 degrees.  

 A finite element model of the weaved system matching the test set up was created 

and the simulation was run with the small car model. Figure 4.18 shows a time history of 

the total, kinetic, internal and hourglass energies for the simulation. The total energy 

remained constant for the simulation. The decrease in kinetic energy and increase in 

internal energy relative to the total energy were similar to the results of the 100 m 

installation on flat terrain. The hourglass energy was within the expected range for an 

impact of this duration.
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  In both the test and simulation, the top two cables were engaged. The cables 

engaged the front bumper and body of the vehicle. They were caught in the wheel well 

for the majority of the duration of the contact. Figure 4.19 shows the cable engagement. 

The maximum dynamic deflection for the test was 2.6 meters. The maximum dynamic 

deflection for the simulation was 2.73.  The vehicle yaw for the test and simulation is 

shown in Figure 4.20. A side-by-side comparison of sequential images of the test and 

simulation taken from an overhead camera is shown in Figure 4.21. The vehicle 

trajectory and yaw angle for the simulation and test matched very well. The validation of 

the modeling technique for longer installations was considered successful. 

 

 

 

 

Figure 4.19: Cable Engagement for BUSA-C2 Test and Simulation  



 52



 53

 



 54

4.8 CASS-1 

 The fifth test was designated CASS-1. The test article was a 102 meter installation 

of a three-cable parallel system.  This test was used to validate the assumption that the 

modeling technique used for the weaved system could be applied a parallel system. The 

full testing report and videos were not available, so a summary of the results and the 

detail drawings for the system were used. The post spacing for the system was 3 meters. 

The system was installed on flat terrain. The cables were installed at heights of 530 mm, 

640 mm, and 750 mm. The posts were installed in concrete foundations 305 mm in 

diameter and 760 mm deep. The system was built on flat terrain. The test vehicle used 

was a 2000P – C2500 pickup. The test vehicle used was again a 2000P – C2500 pickup. 

The test weight of the vehicle, including all instrumentation, was 2077 kg. The impact 

speed was 100.6 km/hr and the impact angle was 24.2 deg. 

 A finite element model of parallel system matching the test set up was created and 

the simulation was run with the small car model. Figure 4.22 shows a time history of the 

total, kinetic, internal and hourglass energies for the simulation. The total energy 

remained constant for the simulation. The decrease in kinetic energy and increase in 

internal energy relative to the total energy were similar to the results of the 100 m 

installation on flat terrain. The hourglass energy was within the expected range for an 

impact of this duration. 



 55



 56

  In both the test and simulation, the top two cables were engaged. The cables 

engaged the front bumper and body of the vehicle. Figure 4.23 shows the cable 

engagement. The maximum dynamic deflection for the test was 2.4 meters. The 

maximum dynamic deflection for the simulation 2.47 meters.  The accelerometer data 

was not available for this test. As a result, the time history of the yaw angles could not be 

compared. A comparison of the limited sequential shots available in the testing summary 

is shown in Figure 4.24. The vehicle trajectory in the test and simulation were similar. 

Because the deflections matched and the limited trajectory information compared well, 

the assumption that the modeling technique used for the weaved cable system was also 

accurate for the parallel cable system was considered valid. 

 

 

 

Figure 4.23: Cable Engagement for CASS-1 Test and Simulation  
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Figure 4.24: Sequential Images of Test and Simulation for CASS-1
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CHAPTER 5 – ANALYSIS AND COMPARISON OF 

WEAVED AND PARALLEL SYSTEMS 

 

5.1 INTRODUCTION 

Following the validation of the modeling technique for high-tension cable barrier 

systems, models were created to analyze and compare the effects of three variables on the 

weaved and parallel systems. The variables analyzed were the anchor spacing (length of 

installation), the number of cables in the system, and the tension in the system. Table 5.1 

shows the results for each system configuration. In this chapter the results of this analysis 

are presented and discussed. 

 

Table 5.1: Deflection Values for Simulations 

System 
Length 

Weaved 
3-Cable 
24 kN 

Parallel 
3-Cable 
24kN 

Weaved 
4-Cable 
24kN 

Weaved 
4-Cable 
15kN 

Parallel 
4-Cable 
24kN 

Parallel 
4-Cable 
15kN 

100m 2.2 2.47 2.09 2.12 2.25 2.35 
200m 2.48 2.78     
300m 2.73 3.1     
500m 2.73 3.33 2.58 2.63 3.06 3.15 
1000m 2.72 3.52 2.6 2.62 3.23 3.32 
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5.2 EFFECT OF INSTALLATION LENGTH ON MAXIMUM DYNAMIC 

DEFLECTION 

 The first analysis involved an examination of the effect of the spacing between 

the anchors of the cable barrier systems. Figure 5.1 shows the maximum dynamic 

deflection of the 3-cable weaved and parallel systems for installation lengths of 100 

meters, 200 meters, 300 meters, 500 meters, and 1000 meters. 
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Figure 5.1: Effect of Installation Length for Three-Cable System 

 

 The deflection for the three-cable weaved system increased by similar increments 

between the 100 meter and 200 meter installation lengths and the 200 meter and 300 

meter installation lengths. There was no increase in the deflection between the 300 meter, 

500 meter, and 1000 meter installation lengths. The deflection of the parallel system also 

increased by similar increments between the 100 meter and 200 meter installation lengths 
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and the 200 meter and 300 meter installation lengths. The ratio between the increase in 

length and the increase in deflection was less between the 300 meter and 500 meter 

installation lengths and even less between the 500 meter and 1000 meter installation 

lengths, but did not reach zero like the weaved system.  

 At 100 meters the predicted deflection of the three-cable parallel systems was 112 

percent that of the three-cable parallel system. At 1000 meters the predicted deflection of 

the three-cable parallel systems was 129 percent that of the three-cable parallel system. 

The most likely reason for the divergence in performance at higher lengths is the post-

cable interaction. The weaved system is able to transfer load in the direction of the cables 

to posts that do not fail during the impact more effectively than the parallel system. As 

the cables wrap around each post, the friction is greater than for the parallel system. By 

transferring the load to the posts, the weaved cable system is able to reduce the stress in 

the cable away from the area of the impact. This translates to a reduction of the strain in 

the cable away from the impact and a reduction in the elongation of the cables. Figure 5.2 

compares the average tension of the cables for the 1000 meter models of the three-cable 

weaved and parallel systems at the time of the maximum dynamic deflection based on 

distance from the vehicle engagement.  
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Figure 5.2: Dissipation of Cable Tension for 1000 m Weaved and Parallel Systems 

 

 The average cable tension in the region near the cable engagement is similar for 

the weaved and parallel systems. As the distance from the engagement increases the 

weaved system effectively dissipated the force to the posts, reducing the tension in the 

cables. A similar trend is observed when the force transferred to the anchors is examined. 

Figure 5.3 shows the maximum force transferred to the rearward anchor for each of the 

simulations run (it should be noted that the force at the forward anchor was slightly less 

than the rearward anchor for each case).  
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Figure 5.3: Maximum Total Force at Rearward Anchor 

 

5.3 EFFECTS OF NUMBER OF CABLES ON MAXIMUM DYNAMIC 

DEFLECTION 

 For both the weaved and parallel systems, there was a notable decrease in 

maximum dynamic deflection between the three and four cable systems as illustrated in 

Figure 5.4. For each case of the three and four cable weaved and parallel systems, the 

vehicle geometry migrated the engaged cables to a similar location across the vehicle. 

The cable engagement for the three and four cable weaved and parallel systems are 

illustrated in Figure 5.5. The reduction in deflection was a result of the force being 
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distributed over three cables for both four-cable systems versus two cables for both three-

cable systems. The engagement of an additional cable in the four-cable systems equated 

to a reduction in the stress (and therefore the strain and elongation) of the cables. For the 

weaved system, there was a 5.3 percent reduction in maximum dynamic deflection 

between the three and four cable systems. For the parallel system, the reduction was 16.5 

percent. This difference can be attributed to the post design for the systems as illustrated 

in Figure 3.6. The three and four cable weaved systems used similar S shaped posts. The 

only difference was the post length. For the parallel system, the three-cable version used 

C channel posts and the four-cable version used I beam posts. The change in posts from 

the three to four cable system added additional stiffness to installation leading to a further 

reduction in the deflection. 
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Figure 5.4: Effect of Number of Cables for Weaved and Parallel Systems 
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5.4 EFFECTS OF TENSION ON MAXIMUM DYNAMIC DEFLECTION 

 Impacts with the four-cable parallel and weaved systems with a lower initial 

tension of 15 kN were also simulated to compare with the higher tension 24 kN models. 

For both the weaved and parallel systems the increase maximum dynamic deflection 

associated with the decrease in tension was minimal (one to two percent for the weaved 

system and three to four percent for the parallel system). A comparison of the maximum 

dynamic deflection for the weaved and parallel systems at 24 kN and 15 kN initial 

tension is illustrated in Figure 5.6.  
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Figure 5.6: Effect of Tension for Weaved and Parallel Systems 
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 The primary explanation for this was the maximum tension developed in the 

cables relative to the initial tension. For each case, the maximum tension was 100 kN to 

125 kN more than the initial stress. Because the 9 kN difference in initial tension of the 

systems was relatively small when compared to the total force developed in the cables, its 

affect on the maximum deflection is also small. The reason the effect is slightly greater 

for the parallel system than the weaved system goes back to this effectiveness of the 

weaved system in dissipating the tension in the cables. 

 Although these simulations showed little difference in maximum dynamic 

deflection between high and lower tension systems, there is a significant difference 

between the design deflections of high and low tension systems approved for use on U.S. 

highways. The primary reason for this is the post-cable interaction. Most high-tension 

systems have a significantly stronger cable to post connection than the low tension 

systems. These high-tension systems typically either weave the cables or use a splice at 

the center of the post. The specifications for cable to post connections in generic low-

tension systems call for the use of open hooks to hold the cables to the posts.  This 

stronger cable to post connection delay the release of the cable and lead to significant 

reduction in barrier deflection. 
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CHAPTER 6 – CONCLUSIONS & RECOMENDATIONS 

FOR FUTURE STUDY 

 

6.1 SUMMARY 

Detailed finite element models of weaved and parallel cable barrier systems were 

created for this study. The accuracy of the models and the modeling techniques were 

validated using the results from previously conducted tests. After it was confirmed that 

the simulations replicated the results of the full scale tests, installation configurations 

were created to study the effect of anchor spacing (installation length), the number of 

cables, and the initial tension in the system. These effects were compared for the weaved 

and parallel systems. 

Analysis of the results showed that the weaved system had a lower maximum 

dynamic deflection than the parallel system for each configuration run. This difference 

was attributed to the post-cable interaction. As the weaved cables bent around the posts, 

they increased the friction between the post and cable. This lead to a increase in the 

transfer of force to the posts and a decrease in the stress (and therefore the strain) of the 

cables further from the point of impact. 
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The performance benefit of the weaved system became more apparent when the 

effects of the length of installation were examined. Both systems showed an increase in 

maximum dynamic deflection for longer installation lengths as expected. Both systems 

showed a decrease in the deflection to length ratio for longer installations as expected. 

For the weaved system there was no increase in predicted maximum dynamic deflection 

from the 300 meter installation to the 1000 meter installation. The parallel system had a 

14 percent increase between these lengths. 

For both systems, the four-cable system had a lower maximum dynamic 

deflection than the three-cable system. The geometry of the vehicle in each case led to a 

similar cable engagement across the vehicle regardless of the number of cables engaged. 

As a result, the most significant difference between the three and four cable systems was 

the engagement of an additional cable for both the parallel and weaved systems. This 

additional cable reduced the average stress in the cables and therefore the strain and total 

elongation.  

Analysis of the effects of tension showed only a small increase in maximum 

dynamic deflection associated with a significant reduction in initial tension. The primary 

reason for this is that the tension developed in the cables during the impact is several 

times greater than this initial tension. This should not be taken to mean that there is not a 

performance difference between the approved high-tension systems and the generic low-

tension systems. Several differences in system design, most importantly the post to cable 

connection, lead to better performance of  the high-tension systems (even at lower 

tensions) when compared to the low-tension systems. 
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6.2 RECCOMENDATIONS FOR FUTURE STUDY  

 This project was the first study to simulate and analyze the performance of high-

tension cable barrier systems using finite element analysis. A number of additional 

studies can be derived from the foundation laid out in this study. Some possibilities 

include: 

1. Examining the effects of post spacing on maximum dynamic deflection 

2. Creating and validating models of additional systems (i.e. the Gibraltar 

system with offset posts) 

3. Examining the effects of post stiffness maximum dynamic deflection 

4. Comparing the effects of installation length for high-tension systems to 

that for generic lower tension systems 

5. Analyzing the effects of design variables on curved installations 

6. Analyzing the effect of design variables on sloped terrains 

7. Analyzing the performance of the systems and the effects of design 

variables using other vehicles (i.e. small and medium sized passenger car) 
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