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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). The barrier was to be developed for placement anywhere within a 6H:1V V-ditch as 

well as to satisfy the Test Level 3 (TL-3) evaluation criteria published in the Manual for 

Assessing Safety Hardware (MASH) [1]. The most recent design prototype was a four cable 

system supported by Midwest Weak Posts (MWP) [2], as shown in Figure 1.  

 

Figure 1. Current Cable Median Barrier Prototype 

Development of the cable median barrier has progressed through multiple crash tests in 

accordance with MASH TL-3. Full-scale testing and evaluation with a 1500A sedan and 2270P 

pickup trucks resulted in satisfactory system performance [3]. However, full-scale crash testing 

with the 1100C small car resulted in the top of the post tearing the vehicleôs floorpan and 

penetrating into the occupant compartment as the vehicle overrode the system posts [4].  

Review of the test vehicles and high-speed videos revealed that the tears were caused by 

a combination of the postôs weak-axis bending strength and cross-sectional geometry. The 

strength of the post, specifically the elastic restoration force of the MWP, caused the top of each 

overridden post to press up on the undercarriage of the vehicle. The cross-sectional geometry of 

the MWP contained free, or exposed, edges that transmitted the post contact forces into the 

floorpan over a very narrow area. Thus, the free edge created high stress concentrations in the 

floorpan and ultimately resulted in scraping, gouging, and tearing. These tears were deemed 

penetrations into the vehicleôs occupant compartment and prevented the full-scale crash tests 
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from satisfying the MASH safety criteria. Therefore, modifications to the MWPs were needed to 

prevent tearing of the vehicleôs floorpan. 

During the full-scale crash testing of the cable median barrier prototype, observations 

were made concerning tears in the vehicleôs exterior sheet metal due to contact with the cable 

splices during redirection [3-4]. Sheet metal tearing had been observed on all three vehicle types 

(1100C, 1500A, and 2270P) and was common along vehicle fenders, front doors, and A-pillars. 

These tears were only to the exterior sheet metal layer and did not result in penetration of the 

occupant compartment. Thus, they did not affect the MASH evaluation of the cable barrier. 

However, they do illustrate the ability of the current cable splice to act as a potential snag hazard 

and could potentially cause significant damage to the vehicle. Utilization of different cable splice 

hardware may reduce the propensity for snag and/or sheet metal tearing. Therefore, an evaluation 

was desired into the strength and geometry of all available cable splice hardware. 

1.2 Research Objectives 

The research and development effort described herein contained two independent 

objectives. The first objective was to mitigate the potential for vehicle floorpan tearing by 

modifying the MWP utilized in the current cable median barrier prototype. The second objective 

was to investigate other cable splice hardware for the use in the cable median barrier that would 

reduce the propensity for snag and sheet metal tearing.  

1.3 Scope 

Exploration into the mitigation of floorpan tearing began with an analysis into the 

mechanisms forming the tears. Next, various modifications to the MWP were identified that 

could reduce the propensity for floorpan tearing. The modifications thought to be the most 

effective were then evaluated through dynamic component testing with a bogie vehicle equipped 

with a simulated small car floorpan. Additional dynamic tests were conducted with a separate 

bogie vehicle to evaluate the strong-axis bending strength of the modified MWP. Finally, 

conclusions and recommendations were made concerning potential post modifications to 

alleviate floorpan tearing. 

Investigation into alternative splice hardware began with a literature review of currently 

available splice connections for ¾-in. (19-mm) diameter, 3x7 wire rope. After reviewing the 

splice options with the project sponsors, a total of three dynamic component tests were 

conducted on the current cable splice and the selected alternative splice. Finally, conclusions and 

recommendations were formulated based on the component tests. 
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2 MITIGATION OF  FLOORPAN TEARING  

2.1 Exploration of Floorpan Tearing 

Prior to the development of system modifications to prevent tearing of the vehicleôs 

floorpan, the physical mechanisms causing these tears to form had to be identified. Thus, the 

high-speed videos, system posts, and the vehicles from test nos. MWP-6 and MWP-7 [4] were 

analyzed and inspected. Through this effort, two post characteristics were identified as factors 

resulting in the tearing of vehicle floorpans: (1) the weak-axis bending strength of the post and 

(2) the presence of free edges. 

The weak-axis bending strength of the post, and specifically the elastic response, is 

critical for the top of the post to contact, crease, and tear the vehicleôs floorpan. When a vehicle 

runs over a post, a plastic hinge forms in the post, and the post is bent over such that the top of 

the post passes underneath the vehicleôs bumper and undercarriage. However, an elastic response 

in the post causes it to spring back and push up against the vehicleôs floorpan. The top of the post 

then applies a vertical force to the vehicle floorpan proportional to the elastic restoration strength 

remaining in the hinged post. Since material failure is associated with the magnitude of the 

applied force, the propensity for floorpan tearing is directly related to the elastic bending strength 

of the posts utilized in the barrier system. 

The presence of free edges within the postôs cross-section amplifies the effect of this 

restoration force. Free edges are characterized as areas of the postôs cross section where an end 

of a flange, or another thin element, is exposed within the cross section. The location of free 

edges on common post shapes are shown in Figure 2. The thin elements and small contact areas 

of these free edges result in higher stress concentrations during impact events. Thus, under 

equivalent restoration forces, posts with free edges will impart higher stresses to the vehicleôs 

floorpan than posts with continuous faces or closed cross sections.  

 

Figure 2. Post Shape Free Edges  

A review of previous full-scale tests conducted on barrier systems utilizing posts with 

free edges was undertaken as part of the investigation into the mechanics of floorpan tearing. 

This review included tests conducted according to the MASH or the National Cooperative 

Research Program (NCHRP) Report No. 350 criteria [1, 5]. An additional three full-scale crash 
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tests encountered tearing of the vehicle floorpan, while two other crash tests had tearing of the 

gas tank or the underside of the trunk. Although the tearing of the gas tank or the underside of 

the trunk did not penetrate into the occupant compartment, the sheet metal forming the gas tank 

and underside of the trunk was similar to that of the floorpan. Thus, these tests demonstrated a 

propensity for floorpan tearing. All seven crash tests with tearing of the vehicle undercarriage are 

summarized in Table 1. Numerous full -scale tests also contained scraping and gouging of the 

vehicle undercarriage (damage typically accompanying tears), but only the tests which exhibited 

tearing were included in the table.  

The review of previous full-scale tests revealed that tearing of the pickup truck floorpans 

was not found. This is due to the floorpan of a pickup truck being located above the frame 

elements of the truck. Thus, the elastic spring back of a steel post would not be enough for the 

top of post to impact the floorpan. In contrast, the floorpans of small cars and sedans are located 

flush with the rest of the vehicle undercarriage leaving these floorpans susceptible to contact 

with barrier components. 

Table 1. Previous Full-Scale Tests Exhibiting Undercarriage Tearing 

Test Ref. System Post Vehicle 
Tearing 

Location 

MWP-6 [4] Cable Barrier MWP 2009 Kia Rio Floorpan 

MWP-7 [4] Cable Barrier MWP 2009 Kia Rio Floorpan 

4CMBLT-1 [6] Cable Barrier S3x5.7 2006 Ford Taurus Floorpan 

CT-2 [7] Cable End Terminal S3x5.7 1995 Geo Metro Floorpan 

NYBBT-3 [8] 
Box Beam End 

Terminal 
S3x5.7 2002 Kia Rio 

Floorpan & 

Gas Tank 

4CMB-4 [9] Cable Barrier S3x5.7 2002 Kia Rio *Trunk 

473750-4 [10] Weak-Post W-Beam S3x5.7 1997 Geo Metro *Gas Tank 

* Tears in vehicle undercarriage, but not into occupant compartment. Test passed. 

 

All floorpan tearing was associated with impacts into weak-post barrier systems. Tests 

with strong-post systems, such as the Midwest Guardrail System or the G4(1S), did not show 

evidence of floorpan tearing. Further investigation of these crash tests revealed that reduced 

system deflections associated with small car tests into strong-post guardrail systems as compared 

to weak-post guardrail systems may reduce the propensity for the undercarriage of small cars to 

significantly pass over the top of posts during oblique impacts. The front of small cars and the 

front impact-side tires often contact and/or override the strong posts, but the vehicles are often 

redirected prior to the floorpan being contacted by the posts. This behavior may only apply to 

oblique impacts as end-on impacts would allow the center of the vehicle to override several posts 

where the floorpan may be contacted by bent or hinged, steel posts.  

Finally, the numerous post sections and barrier types listed in Table 1 demonstrate that 

floorpan tearing may not be exclusive to one specific barrier system. Rather, this list supports the 

theory that these tears are the result of the combination of (1) the elastic response and upward 

contact between the undercarriage and the overridden posts and (2) the presence of free edges 
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within the postôs cross-section. Further, the review of previous crash testing suggests that 

floorpan tearing may be alleviated by eliminating one or both of the noted characteristics. 

2.2 Post Modifications to Mitigate Tearing 

After the investigation into the history and mechanisms behind vehicle floorpan tearing, 

multiple design modifications were considered for use in the prototype cable median barrier 

being developed by the Midwest States Pooled Fund Program. The design modifications focused 

on altering the MWP in order to minimize either the elastic spring-back in the post or the 

exposure of the free edges. A brief discussion on each of these potential design retrofits is 

provided in the following sections. 

2.2.1 Breakaway Posts 

One proposed method to eliminate the elastic spring-back of a guardrail post was to add a 

breakaway mechanism to the MWP. Modifying the post such that the top of the post releases 

from the base at designated loads and/or displacements. The posts could still provide lateral 

resistance to the cables during impact events, but it would breakaway when directly impacted by 

the vehicle. A breakaway post could potentially eliminate the elastic response of the post and 

prevent the top of the posts from contacting the bottom of the vehicleôs floorpan. However, after 

the post released from its base, the top of the post could become debris with potential for 

interaction with the redirecting vehicle, causing vehicle instabilities or spearing of the 

undercarriage of an overriding vehicle. Additionally, the top of the post may remain attached to 

the system cables and affect the capture/interlock of the cables with the vehicle. Due to these 

possible negative outcomes associated with post debris, the concept of adding a breakaway 

mechanism to the system posts was not selected for further development at this time. 

2.2.2 Hinged Posts 

Hinged posts function similar to breakaway posts in that the hinging mechanism activates 

at a prescribed load or displacement. However, the top of a hinged post remains attached to the 

base so the risks associated with post debris are mitigated. The development of a hinged version 

of the MWP would require significant time and resources. Additionally, existing hinged-post 

patents would need to be reviewed to prevent infringing upon any proprietary technology. 

Consequently, a hinged post for the cable system was not selected for further development. 

2.2.3 Post Weakening 

The elastic spring-back of a deformed guardrail post can be reduced by weakening it. 

Punching holes or cutting the post near the plastic hinge location reduces the weak-axis bending 

strength of the post without using a different post section. A reduction in weak-axis bending 

strength would decrease the elastic spring-back force of a post. Further, discontinuities, such as 

holes and notches, create stress concentrations when loaded, which could lead to tearing in the 

post cross section and further reductions to the elastic response of a deformed post. Properly 

designed holes and/or notches would reduce a postôs weak-axis bending strength without greatly 

affecting the strong-axis bending strength so that overall system performance is not greatly 

changed. Finally, weakening mechanisms can be added to the punch pattern of an MWP at 
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minimal additional cost. Thus, the effectiveness of weakening holes was selected for further 

evaluation and component testing. 

2.2.4 Edge Rounding 

One method to mitigate the cutting potential associated with the exposed edges of the 

MWP is to round the edges. Edge rounding is commonly utilized during the fabrication of sheet 

steel products to remove the sharp edges. After being cut to the desired shape, the sheet steel is 

fed through a roller which rounds the sides of the sheet and eliminates the sharp edges, as shown 

in Figure 3. There are various types of edge rounding, characterized by the resulting shape of the 

steel edges. No. 4 edge rounding utilizes a small radius for each individual edge, while no. 1 

edge rounding creates a continuous semi-circle joining the top and bottom surfaces. Due to the 

low-cost associated with this common manufacturing practice, edge rounding was selected for 

further evaluation and component testing. 

 

Figure 3. Sheet Steel Edge Rounding Process and Types 

2.2.5 Edge Hemming 

Edge hemming is another common manufacturing technique utilized to eliminate the 

sharp edges of sheet steel products. Edge hemming involves folding the exposed edge of the 

sheet steel 180 degrees so that the sharp edges are facing inward. Because edge hemming is 

another common practice in sheet steel manufacturing, it can be performed at a relatively low 

cost. However, the MWP is fabricated from 7-gauge (4.6-mm thick) steel which would be 

difficult to bend at such a tight radius. Therefore, edge hemming was not selected for further 

evaluation. 

 

Figure 4. Sheet Steel Edge Hemming 
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2.2.6 Edge Protectors 

Another method of mitigating the cutting potential of the free edges would be to prevent 

direct contact to the exposed edges. Edge protectors are attached to the post to shield the exposed 

edges from direct contact with vehicle floorpans. Edge protectors could be made from various 

materials (e.g., steel, rubber, plastic, fiberglass) and applied along an exposed edge or wrapped 

over the top of the post. Due to the vast range of possible designs and the benefits associated 

with preventing direct contact with the floorpan, edge protectors were explored and evaluated 

through component testing. 

2.2.7 Closed Cross-Section Post 

The risk of floorpan tearing due to direct contact with a free edge could be completely 

eliminated if the post had no free edges. Closed-section posts, such as circular and rectangular 

tubes, provide much larger surface areas in which to distribute the contact load. The stress 

concentrations from contact with a free edge never forms, and the propensity for sheet metal 

tearing is reduced. Unfortunately, changing the post section from the current MWP would also 

require alterations to the cable attachment brackets and top cable keeper rod. Therefore, the use 

of a closed cross-section post in lieu of the MWP was not initially selected for development and 

evaluation due to a desire to use the existing MWP and cable-to-post attachments. 
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3 STATIC COUPON TESTING  

3.1 Purpose 

Dynamic component testing was desired to evaluate the effectiveness of post 

modifications to reduce the propensity for tearing of the vehicleôs floorpan. However, before 

testing could begin, a simulated small car vehicle floorpan was required. Measurements taken 

from the 2009 Kia Rio vehicles used in test nos. MWP-6 and MWP-7 indicated an average 

floorpan thickness of 0.025 in. (0.64 mm). Thus, 24-gauge (0.61-mm) sheet steel was obtained to 

simulate the floorpan of an 1100C small car vehicle during the evaluation of floorpan tearing. 

Unfortunately, the chemical and mechanical properties of the actual floorpan steel were 

unknown. Therefore, static tensile tests were required to ensure that the 24-gauge (0.61-mm) 

sheet steel had similar mechanical properties to that of the actual vehicle floorpan. 

3.2 Scope 

A total of seven static tensile tests were performed on coupon samples. Four coupons 

were cut from 24-gauge (0.61-mm) ASTM A653 sheet steel and evaluated in test nos. BFPC-1 

through BFPC-4. Three coupons were cut from an actual Kia Rio floorpan and evaluated in test 

nos. KFPC-1 through KFPC-3. All seven coupons were cut according to the ASTM A370 

standards [11] with a 0.50-in. (12.7-mm) width and 8-in. (200-mm) total length, as shown in 

Figure 5. 

 

Figure 5. Static Testing Coupon Dimensions 

An MTS Landmark Test System equipped with a 22 kip (100 kN) load cell was utilized 

to conduct the static testing. The samples were clamped on each end with a grip pressure of 1.5 

ksi (10 MPa) and subjected to a loading rate of 0.2 in./in./sec until failure. An LX Series 500 

Laser extensometer and an MTS Model no. 634.25E-24 mechanical extensometer were used to 

record displacements in the specimen. A standard-speed digital video and a digital camera were 

used to document the tests.  

3.3 Static Testing Results 

All seven of the tensile coupons fractured within the reduced cross-section region of the 

coupons. Further, the fracture locations were all within the gauge lengths of the laser 

extensometer, so accurate displacements and strains were recorded until the time of fracture. A 
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significant amount of necking was observed around the fracture location for all tests, a 

phenomenon typical of steel tensile failure. Pre-test and post-test measurements were recorded to 

calculate the reduction in cross-sectional area at fracture. 

The extensometer and load cell data for each static test were analyzed to calculate peak 

loads and displacements at fracture, yield stress, Youngôs modulus, and ultimate tensile strength. 

A summary of the analyzed data results is shown in Table 2. Average results for both source 

materials, the 24-gauge (0.61-mm) sheet steel and the Kia Rio floorpan, were also calculated and 

included in the highlighted columns of Table 2. Engineering stress vs. strain curves for each test 

are shown in Figure 6 and true stress vs. strain curves for each test are shown in Figure 7. 

Detailed results for each test are provided individually in Appendix A. Although the individual 

extensometers produced similar results, the values described herein were calculated from the 

laser extensometer data in order to provide results through fracture.  
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Table 2. Summary of Static Tensile Testing 

Test No. BFPC-1 BFPC-2 BFPC-3 BFPC-4 Average KFPC-1 KFPC-2 KFPC-3 Average 

Source Material 
24-gauge 

A653 

24-gauge 

A653 

24-gauge 

A653 

24-gauge 

A653 

24-gauge 

A653 

Kia Rio 

Floorpan 

Kia Rio 

Floorpan 

Kia Rio 

Floorpan 

Kia Rio 

Floorpan 

Thickness 

in. (mm) 

0.025 

(0.635) 

0.026 

(0.660) 

0.025 

(0.635) 

0.026 

(0.660) 

0.026 

(0.660) 

0.025 

(0.635) 

0.026 

(0.660) 

0.026 

(0.660) 

0.026 

(0.660) 

Width 

in. (mm) 

0.501 

(12.7) 

0.504 

(12.8) 

0.505 

(12.8) 

0.507 

(12.9) 

0.504 

(12.8) 

0.493 

(12.5) 

0.492 

(12.5) 

0.492 

(12.5) 

0.492 

(12.5) 

Yield Load 

lb (kg) 
553 (251) 537 (244) 565 (256) 560 (254) 553 (251) 498 (226) 488 (221) 476 (216) 488 (221) 

Peak Load 

lb (kg) 
686 (311) 688 (312) 700 (318) 695 (315) 692 (314) 618 (280) 611 (277) 599 (272) 610 (277) 

Failure Load 

lb (kg) 
617 (280) 619 (218) 630 (286) 625 (283) 623 (283) 557 (253) 550 (250) 539 (244) 549 (249) 

Yield Strength-2% 

offset 

ksi (GPa) 

43.8 (302) 41.4 (285) 44.1 (304) 42.3 (292) 42.9 (296) 44.3 (305) 42.2 (291) 41.9 (289) 42.8 (295) 

Young's Moduls 

ksi (GPa) 

21,934 

(151,229) 

20,887 

(144,010) 

22,320 

(153,890) 

21,358 

(147,258) 

21,625 

(149,099) 

22,289 

(153,677) 

21,247 

(146,492) 

20,998 

(144,776) 

21,511 

(148,313) 

Ultimate Tensile 

Strength 

ksi (GPa) 

54.4 (375) 53.0 (365) 54.8 (378) 52.5 (362) 53.7 (370) 54.9 (379) 52.9 (365) 52.7 (363) 53.5 (369) 

Eng. Stress at 

Failure 

ksi (GPa) 

48.9 (337) 47.7 (329) 49.3 (340) 47.2 (325) 48.3 (333) 49.4 (341) 47.6 (328) 47.4 (328) 48.2 (332) 

True Stress at 

Failure 

ksi (GPa) 

73.6 (507) 73.2 (505) 72.3 (498) 73.7 (508) 73.2 (505) 90.3 (623) 
105.3 

(726) 
96.6 (666) 97.4 (672) 

True Strain at 

Failure 

(in./in.) 

0.41 0.43 0.38 0.44 0.42 0.60 0.79 0.71 0.70 

Reduction in Area 33.6% 34.7% 31.8% 35.9% 34.0% 45.2% 54.8% 50.9% 50.3% 

2-in. Elongation at 

Fracture 
24.6% 24.4% 25.8% 26.4% 25.3% 30.8% 32.5% 32.5% 31.9% 



 

 

1
1 

M
a
y
 16

, 2
01

7 

M
w

R
S

F
 R

e
p
o

rt N
o
. TR

P
-0

3-3
2
4-1

7
 

 
 

Figure 6. Engineering Stress vs. Strain for Static Coupon Tests 
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Figure 7. True Stress vs. True Strain for Static Coupon Tests 
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3.4 Discussion 

The tensile strength of the 24-gauge (0.61-mm) ASTM A653 sheet steel was found to be 

very similar to that of the steel used in the actual Kia Rio floorpan. The 2-percent offset yield 

strengths, elastic moduli, and ultimate tensile strengths of the two source materials differed by 

less than 1 percent. The average peak and failure loads of the 24-gauge (0.61-mm) sheet steel 

were higher, but this can be attributed to the sheet steel coupon samples having a slightly larger 

width than the Kia Rio floorpan coupon samples. 

The two materials differed in ductility and behavior at the onset of yielding. The Kia Rio 

coupon samples demonstrated greater ductility with a 6.6 percent increase in elongation at 

fracture and a 66 percent increase in true strain at failure compared to the 24-gauge (0.61-mm) 

sheet steel. Additionally, the Kia Rio samples exhibited smooth transitions between the elastic 

and plastic loading portions of the curves and nearly resembled an elastic-perfectly plastic steel, 

as shown in Figure 6. Alternatively, the 24-gauge (0.61-mm) sheet steel exhibited a stress drop at 

the onset of yielding, which is characteristic of low-carbon steels. Thus, the steel alloy utilized in 

the actual Kia Rio floorpan likely has a higher carbon content than the ASTM A653 sheet steel. 

Overall, the 24-gauge (0.61-mm) sheet steel compared favorably to the steel utilized in 

the Kia Rio floorpan. The thickness and ultimate stress of the sheet steel was nearly identical to 

that of the floorpan steel. Thus, the onset of failure/tearing should occur at similar loads. The 

reduced ductility of the sheet steel may cause it to rupture or tear easier than the actual floorpan 

making any results observed from component testing with this sheet steel conservative in relation 

to actual floorpans. Therefore, the 24-gauge (0.61-mm) ASTM A653 sheet steel was 

recommended for use as a surrogate floorpan during component tests designed to evaluate the 

potential for floorpan tearing. 
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4 COMPONENT TESTING CONDITIONS  ï FLOORPAN TEARING  

4.1 Purpose 

Previous full-scale crash tests on a prototype cable median barrier resulted in the top of 

the MWP tearing through the vehicle floorpan [4]. These tears are classified as penetrations into 

the occupant compartment, which is a violation of the MASH criteria. Dynamic component 

testing was desired to analyze floorpan tearing and evaluate the potential of various post retrofits 

to mitigate the propensity for tearing. 

4.2 Scope 

A total of fifteen dynamic bogie tests were conducted in order to evaluate the propensity 

for floorpan tearing associated with cable barrier posts. Each test involved two posts being 

impacted and overrun by a bogie vehicle equipped with a simulated small car floorpan. The posts 

were spaced 8 feet (2.4 m) apart longitudinally and were offset 4¼ in. (108 mm) laterally so that 

the posts contacted the simulated floorpan independently. The posts were installed in either an 8-

in (203-mm) diameter hole cored into the tarmac or an 18-in. (457-mm) hole augured into a soil 

test pit. Both hole types were backfilled with compacted soil to MASH specifications. Post 

orientation was varied between tests to evaluate the effect of impacting and overriding the posts 

from multiple angles. Eight different post configurations were evaluated, but the posts within 

each individual test were identical in both configuration and orientation. The bogie vehicle 

impacted the posts at a height of 12 in. (305 mm) above groundline at a targeted impact speed of 

25 mph (40 km/h). The dynamic testing matrix is summarized in Table 3, while the test setup to 

evaluate floorpan tearing is shown in Figure 8. 

The first two tests were conducted on the MWP in an effort to replicate the tearing 

observed during full-scale crash testing and validate the test setup. The MWP used within test 

nos. MWPFP-1 and MWPFP-2 were identical to the prototype cable median barrier in crash test 

no. MWP-7. The MWP had keyways and bolt holes cut into its flanges where the cable brackets 

would be attached. Two top corners of the post were radiused to ȩ in. (16 mm), as shown in 

Figure 9. The other two corners were radiused to ¼ in. (6 mm). Once the test setup demonstrated 

the ability to replicate the tearing observed during full-scale testing, the testing and evaluation 

efforts focused on modifications to the MWP to mitigate tearing. 

A total of nine tests were conducted on the MWP with various weakening holes or slots 

cut into the upstream and downstream surfaces of the posts at groundline. Five tests were 

conducted on the MWP with ¾-in. (19-mm) diameter holes cut into both surfaces, two tests were 

conducted on the MWP with three Ȩ-in. (10-mm) holes cut into both surfaces, and two tests 

were conducted on the MWP with Ȩ-in. x 1ȧ-in. slots (10-mm x 29-mm) slots cut into both 

surfaces, as shown in Figures 10 through 14, respectively. 

One test, test no. MWPFP-6, was conducted to evaluate the effects of edge rounding on 

the MWP. Edge rounding is typically only performed on flat sheet steel. Since MwRSF already 

had the MWPs on site, the edge rounding was simulated to save time and minimize cost. Thus, a 
3/16-in. (5-mm) steel rod was welded to the free edge of the post to simulate no. 1 edge rounding, 

as shown in Figure 12. The rod was only welded to the top 11½ in. (292 mm) of the post which 

may be in contact with the simulated floorpan, so the bending strength of the posts was not 



May 16, 2017 

MwRSF Report No. TRP-03-324-17 

15 

affected. If edge rounding was shown to prevent tearing, a new MWP with actual rounded edges 

would be fabricated for the next full-scale crash test. 

One test, test no. MWPFP-13, was conducted to evaluate the effects of adding an edge 

protector to the free edges of the posts. Each edge protector was a 3/16-in. (5-mm) thick steel plate 

bent at 90 degrees, as shown in Figure 15. The longer sides of the plates were welded to the 

strong-axis flanges of the MWP, and the shorter sides were cut to match the geometry of the V-

notch cut into the top of the MWP. This edge protector configuration was selected for testing, 

because it would also represent the effects of extending the flanges at the top of the post and 

folding them over at 90 degrees, effectively shielding the free edges of the post from direct 

contact. If this retrofit showed promise, a new MWP could be fabricated with extended flanges 

that folded over to match the effect of this welded-on edge protector. 

Finally, two tests were conducted on S3x5.7 (S76x8.5) posts, which are commonly used 

as weak posts in other cable barrier systems. As discussed in Chapter 2, floorpan tearing had 

been observed in multiple crash tests into barrier systems utilizing S3x5.7 (S76x8.5) posts. These 

more traditional weak posts were evaluated as part of this study to compare the propensity for 

tearing between S3x5.7 (S76x8.5) posts and the MWP. The S3x5.7 (S76x8.5) posts were 

evaluated at two different heights, 39¼ in. (997 mm) matching the current MWP cable system 

posts and 31 in. (787 mm) matching the low-tension cable barrier system posts, as shown in 

Figure 11.  

Material specifications, mill certifications, and certificates of conformity for the posts are 

shown in Appendix B. A compacted, coarse, crushed limestone material that met AASHTO 

standard soil designation M147 Grade B, as recommended by MASH, was utilized for all tests 

[1].  

 



 

 

1
6 

M
a
y
 16

, 2
01

7 

M
w

R
S

F
 R

e
p
o

rt N
o
. TR

P
-0

3-3
2
4-1

7
 

Table 3. Dynamic Component Testing Matrix, Floorpan Tearing Evaluation 

Test 

Post 
Post Installed 

in 

Tarmac/Soil 

Targeted Impact Conditions 

Type 

Above-Ground 

Height 

in. (mm) 

Modifications 
Speed 

mph (km/h) 

Height 

in. (mm) 

Angle 

(deg) 
Top Radius  

in. (mm) 

Groundline  

in. (mm) 

MWPFP-1 MWP 39¼ (997)  ȩ (16) - Tarmac 25 (40) 12 (305) 0 

MWPFP-2 MWP 39¼ (997) ȩ (16) - Tarmac 25 (40) 12 (305) 0 

MWPFP-3 MWP 39¼ (997) ȩ (16) Ø¾ (19) holes Tarmac 25 (40) 12 (305) 0 

MWPFP-4 S3x5.7 39¼ (997) - - Tarmac 25 (40) 12 (305) 0 

MWPFP-5 S3x5.7 31 (787) - - Tarmac 25 (40) 12 (305) 0 

MWPFP-6 MWP 39¼ (997) 
ȩ (16) with #1 Edge 

Protection 
- Tarmac 25 (40) 12 (305) 0 

MWPFP-7 MWP 39¼ (997) ȩ (16) Ø¾ (19) holes Soil 25 (40) 12 (305) 0 

MWPFP-8 MWP 39¼ (997) ȩ (16) Ø¾ (19) holes Soil 25 (40) 12 (305) -25 

MWPFP-11 MWP 39¼ (997) ȩ (16) (3) ÏȨ (10) holes Tarmac 25 (40) 12 (305) 0 

MWPFP-12 MWP 39¼ (997) ȩ (16) 
ÏȨ (10) x 1ȧ (29) 

slots 
Tarmac 25 (40) 12 (305) 0 

MWPFP-13 MWP 39¼ (997) Flange Extension - Tarmac 25 (40) 12 (305) 0 

MWPFP-14 MWP 39¼ (997) ȩ (16) (3) ÏȨ (10) holes Soil 25 (40) 12 (305) 25 

MWPFP-15 MWP 39¼ (997) ȩ (16) 
ÏȨ (10) x 1ȧ (29) 

slots 
Soil 25 (40) 12 (305) 25 

MWPFP-18 MWP 39¼ (997) ȩ (16) Ø¾ (19) holes Soil 25 (40) 12 (305) 25 

MWPFP-21 MWP 39¼ (997) ȩ (16) Ø¾ (19) holes Soil 25 (40) 12 (305) -25 

   0 degree orientation corresponds to impacts along the longitudinal axis of the post/barrier 
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Figure 8. Dynamic Component Test Setup, Floorpan Tearing Evaluation 
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Figure 9. MWP with Rounded Corners, Test Nos. MWPFP-1 and MWPFP-2 
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Figure 10. MWP with ¾-in. (19-mm) Diameter Holes, Test Nos. MWPFP-3, MWPFP-7 Through MWPFP-8, MWPFP-18, and 

MWPFP-21 
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Figure 11. S3x5.7 (S76x8.5) Posts, Test Nos. MWPFP-4 and MWPFP-5 
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Figure 12. MWP with Simulated #1 Edge Rounding, Test No. MWPFP-6 
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Figure 13. MWP with Three Ȩ-in. (10-mm) Diameter Holes, Test Nos. MWPFP-11 and MWPFP-14 
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Figure 14. MWP with Ȩ-in. x 1ȧ-in. (10-mm x 29-mm) Slots, Test Nos. MWPFP-12 and MWPFP-15 
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Figure 15. MWP with Steel Plate Edge Protector, Test No. MWPFP-13 
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4.3 Equipment and Instrumentation 

Equipment and instrumentation that was utilized to collect and record data during the 

dynamic bogie tests included: a bogie vehicle; an accelerometer; a retroreflective speed trap; 

high-speed and standard-speed digital video; and still cameras. 

4.3.1 Bogie Vehicle 

A rigid-frame bogie vehicle, equipped with a simulated small car floorpan, was used to 

impact the posts. The simulated floorpan consisted of a 120-in. x 23¾-in. (3,048-mm x 603-mm) 

sheet of 24-gauge (0.61-mm) ASTM A653 steel. The sheet steel was mounted to the bottom of 

an undercarriage frame at a height of 8 in. (203 mm), which matched the height of the Kia Rio 

floorpans from the previous full-scale crash tests. The undercarriage frame was constructed from 

3½-in. x 3½-in. x Ȩ-in. (90-mm x 90-mm x 10-mm) steel tubes and was bolted to the inside of 

the bogie vehicle frame. The front beam of the undercarriage frame was positioned in front of the 

simulated floorpan and shifted downward 1¾ in. (44 mm). This vertical offset prevented the top 

of the post from snagging on the front edge of the sheet steel, and acted as a stiff cross member 

of the vehicle undercarriage (e.g., frame element, axle) that caused the post to bend down and 

spring back upward toward the floorpan as the bogie overrode the top of the post. A 1¾-in. (44-

mm) square tube was bolted underneath and across the middle of the simulated floorpan to create 

a second location where the post would be pushed down and allowed to spring back upward. 

Photographs of the bogie vehicle are shown in Figure 16, while details of the simulated vehicle 

undercarriage are shown in Figures 17 through 23.  

The bogie impact head consisted of a 2½-in. x 2½-in. x ¼-in. (64-mm x 64-mm x 6-mm) 

square tube mounted to the front of the bogie at a height of 12 in. (305 mm), measured to the 

center of the tube. A ¾-in. (19-mm) thick neoprene pad was wrapped around the tube to prevent 

local damage to the posts during impact. The weight of the bogie with the addition of the impact 

head and simulated floorpan was approximately 2,400 lb (1,089 kg). 

A pickup truck with a reverse-cable tow system was used to propel the bogie to a target 

impact speed of 25 mph (40 km/h). When the bogie approached the end of the guidance system, 

it was released from the tow cable, allowing it to be free rolling when it impacted the post. A 

remote-controlled, braking system was installed on the bogie, thus allowing it to be brought 

safely to rest after the test. 



May 16, 2017 

MwRSF Report No. TRP-03-324-17 

26 

 

  

Figure 16. Bogie Vehicle and Guidance Track - Floorpan Testing 
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Figure 17. Bogie Details for Floorpan Evaluation 
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Figure 18. Bogie Details, Undercarriage Assembly 
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Figure 19. Bogie Details, Undercarriage Welds 
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Figure 20. Bogie Details, Floorpan Connections 
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Figure 21. Bogie Details, Floorpan and Undercarriage Components 
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Figure 22. Bogie Details, Undercarriage Components 
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Figure 23. Bogie Details, Fasteners 
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4.3.2 Accelerometers 

One environmental shock and vibration sensor/recorder system was used to measure the 

accelerations in the longitudinal, lateral, and vertical directions. The accelerometer was mounted 

near the center of gravity of the bogie vehicle. The electronic accelerometer data obtained in 

dynamic testing was filtered using the SAE Class 60 and the SAE Class 180 Butterworth filters 

conforming to the SAE J211/1 specifications [12]. 

The SLICE-2 accelerometer unit was a modular data acquisition system manufactured by 

Diversified Technical Systems Inc. of Seal Beach, California. The acceleration sensors were 

mounted inside the body of a custom built SLICE 6DX event data recorder and recorded data at 

10,000 Hz to the onboard microprocessor. The 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 program and a customized 

Microsoft Excel worksheet were used to analyze and plot the accelerometer data. 

4.3.3 Retroreflective Optic Speed Trap 

The retroreflective optic speed trap was used to determine the speed of the bogie vehicle 

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

were applied to the side of the vehicle. 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 as 

well as the external LED box activating the LED flashes. The speed was then calculated using 

the spacing between the retroreflective targets and the time between the signals. LED lights and 

high-speed digital video analysis are used only as a backup in the event that vehicle speeds 

cannot be determined from the electronic data. 

4.3.4 Digital  Photography 

A combination of one AOS high-speed digital video camera, five GoPro digital video 

cameras, and one JVC digital camera were used to document each test. The AOS high-speed 

camera had a frame rate of 500 frames per second, the GoPro video cameras had a frame rate of 

120 frames per second, and the JVC digital video camera had a frame rate of 29.97 frames per 

second. Three cameras- one AOS, one GoPro, and one JVC video camera- were placed laterally 

from the post, with a view perpendicular to the bogieôs direction of travel. The remaining 

cameras were placed at various locations on and around the bogie- two cameras with view of the 

bogieôs floorpan and the remainder placed with view of the posts. A Nikon D50 digital still 

camera was also used to document pre- and post-test conditions for all tests. 

4.4 Data Processing 

The electronic accelerometer data obtained in dynamic testing was filtered using the SAE 

Class 60 Butterworth filter conforming to the SAE J211/1 specifications [12]. The pertinent 

acceleration signal was extracted from the bulk of the data signals. The processed acceleration 

data was then multiplied by the mass of the bogie to get the impact force using Newtonôs Second 

Law. Next, the acceleration trace was integrated to find the change in velocity versus time. Initial 

velocity of the bogie, calculated from the retroreflective optic speed trap data, was then used to 

determine the bogie velocity, and the calculated velocity trace was integrated to find the bogieôs 
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displacement. This displacement is also the displacement of the post. Combining the previous 

results, a force vs. deflection curve was plotted for each test. Finally, integration of the force vs. 

deflection curve provided the energy vs. deflection curve for each test. 
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5  TESTING RESULTS - FLOORPAN TEARING  

5.1 Results 

A total of fifteen dynamic component tests were conducted with the simulated vehicle 

floorpan bogie. A summary of each bogie test, including sequential and post-test photographs, is 

provided in the following sections. The accelerometer data for each test was processed in order 

to obtain force vs. deflection and energy vs. deflection curves. Detailed accelerometer results for 

each test are provided in Appendix B.  

5.1.1 Test No. MWPFP-1 

Test no. MWPFP-1 was conducted on two MWPs installed in strong soil with a 0-degree 

orientation angle, thus creating an impact about the postôs weak-axis of bending. This test was an 

attempt to replicate the floorpan tearing witnessed during full scale test nos. MWP-6 and MWP-7 

and to validate the testing setup and procedure. During the test, the bogie impacted the first post 

at a speed of 25.0 mph (40.2 km/h). The bogie then went on to impact the second post at 0.220 

seconds and caused similar deformation and spring-back characteristics as observed in the first 

post. The bogie overrode both posts. However, the top corners of both posts left distinct creases 

or gouge marks that began near the front edge of the simulated floorpan and extended the length 

of the bogie undercarriage. Tearing was also observed within both creases corresponding to the 

free edges of the posts. These creases and tears were similar to the damage found in test nos. 

MWP-6 and MWP-7. 

Unfortunately, the crossbeams located at the front and mid-span of the simulated floorpan 

had not been installed for test no. MWPFP-1. Thus, the front edge of the sheet steel was exposed 

to contact, and the posts snagged on the simulated floorpan. The simulated floorpan was torn 

from the front of the undercarriage frame, as shown in Figure 25. This result allowed a broader 

area of the simulated floorpan to deform and reduced the severity of the localized gouging and 

tearing. Therefore, modifications to the test setup were required to accurately replicate the 

floorpan of a Kia Rio. Subsequently, crossbeams were added to eliminate this problem for 

subsequent tests and to simulate undercarriage support members. 

Force vs. deflection and energy vs. deflection curves were created from the accelerometer 

data. Additionally, the high-speed video was analyzed to determine the times when the bogie 

overrode each post, the posts contacted the simulated floorpan, and the posts lost contact with the 

bogie vehicle. Results from the data and video analysis are shown in Figure 30. The recorded 

impact loads were lower for the bogie impact with the second post. This finding was likely due 

to a combination of a reduced impact velocity and a higher impact point on the second post. The 

reduced impact velocity resulted from the energy absorbed by the impact with the first post, 

while the higher impact point was caused by the bogie pitching upward as it overrode the first 

post. 
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Figure 24. Time-Sequential and Post Damage Photographs, Test No. MWPFP-1 
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Figure 25. Simulated Floorpan Damage, Test No. MWPFP-1 



May 16, 2017 

MwRSF Report No. TRP-03-324-17 

39 

 
 

 
 

Figure 26. Force vs. Deflection and Energy vs. Deflection, Test No. MWPFP-1 
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Table 4. Floorpan Damage Measurements, Test No. MWPFP-1 

MWPFP-1 Floorpan Damage 

Description 

1st Post 2nd Post 

Free Edge  

in. (mm) 

Continuous 

Edge  

in. (mm) 

Free Edge  

in. (mm) 

Continuous 

Edge  

in. (mm) 

Tear Length 3½ (89) - 2½ (64) - 

Max. Tear Width 1/16 (2) - 1/16 (2) - 

Crease Length 107¾ (2,737) 106½ (2,705) 106½ (2,705) - 

 

5.1.2 Test No. MWPFP-2 

Test no. MWPFP-2 was conducted on MWPs installed in 8-in. (203-mm) diameter 

concrete sleeves with a 0-degree orientation angle, thus creating an impact about the postôs 

weak-axis of bending. During the test, the bogie impacted the first post with a speed of 25.8 mph 

(41.5 km/h). Upon impact, a plastic hinge formed in the post near the groundline, and the post 

bent over until the bogie overrode it. As the crossbeams passed over the post, elastic restoration 

caused the top of the post to rebound upward and contact the simulated floorpan. The first post 

impacted the front and rear bays of the simulated floorpans 0.158 seconds and 0.298 seconds 

after impact, respectively. The bogie impacted the second post at 0.224 seconds and caused 

similar deformation and spring-back characteristics as observed in the first post. The second post 

impacted the front and rear bays of the simulated floorpans at 0.396 seconds and 0.540 seconds, 

respectively. The elastic spring-back of the posts and the contact with the simulated floorpan 

were captured via digital video taken underneath the bogie vehicle, as shown in Figure 27. 

The posts were bent plastically near the groundline, and contact marks were found on the 

top half of the post along the free edge and impact side face of the post, as shown in Figure 28. 

Damage to the simulated floorpan included creasing and tearing due to contact from the top 

corners of both posts, as shown in Figure 29. Two tears were found in both the front and rear 

bays of the simulated floorpan. These tears corresponded to the location of initial contact 

between the free edges of the posts and the floorpan as the posts passed the crossbeams and 

rebounded upward. The largest tear was 5 in. (127 mm) long and had a maximum width of ½ in. 

(13 mm). Creases in the simulated floorpan were found extending from the tears toward the rear 

of the bogie. Approximately 3 in. (76 mm) to the right of the tears and creases caused by the free 

edges, additional creases caused by the continuous edges of the posts were present on the 

floorpan. All tears and creases observed on the simulated floorpan were measured and are 

summarized in Table 5. 

Force vs. deflection and energy vs. deflection curves were created from the accelerometer 

data. Additionally, the high-speed video was analyzed to determine the times when the bogie 

overrode each post, the posts contacted the simulated floorpan, and the posts lost contact with the 

bogie vehicle. Results from the data and video analysis are shown in Figure 30. The recorded 

impact loads were lower for the bogie impact with the second post. This finding was likely due 

to a combination of a reduced impact velocity and a higher impact point on the second post. The 

reduced impact velocity resulted from the energy absorbed by the impact with the first post, 
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while the higher impact point was caused by the bogie pitching upward as it overrode the first 

post. 

Test no. MWPFP-2 provided very similar results as compared to full-scale crash testing. 

The elastic response of the overridden posts applied a vertical contact force to the simulated 

floorpan. Tears observed in the simulated floorpan were all caused by the free edges of the posts 

and were similar in length and opening width to those found in the test vehicles of test nos. 

MWP-6 and MWP-7. Additionally, creases running the length of the simulated floorpan were 

formed from contact with both edges the posts. Therefore, the bogie testing setup was thought to 

accurately replicate the floorpan damage observed in full-scale test nos. MWP-6 and MWP-7. 

The same test setup was utilized in the remaining bogie tests to evaluate various tearing 

mitigation methods. 
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Figure 27. Time-Sequential Photographs Underneath Bogie, Test No. MWPFP-2 
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Figure 28. Time-Sequential and Post Damage Photographs, Test No. MWPFP-2 
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Figure 29. Simulated Floorpan Damage, Test No. MWPFP-2 
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Figure 30. Force vs. Deflection and Energy vs. Deflection, Test No. MWPFP-2 


















































































































































































































































































































































