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1 INTRODUCTION  

1.1 Background 

In recent years, the Midwest Roadside Safety Facility (MwRSF) was tasked by the 

Midwest States Regional Pooled Fund to develop a non-proprietary high-tension cable median 

barrier. The design of the non-proprietary high-tension cable median barrier system had 

progressed through a series of crash tests that identified flaws in the system related to vehicle 

capture during testing in a v-ditch and deformations of the occupant compartment during sedan 

testing on level terrain [1-3]. These concerns led the researchers to revisit performance of the 

basic design elements of the barrier system.  

Three design problems stood out that needed to be addressed to improve the system and 

meet the new TL-3 test requirements for cable median barrier found in the Manual for Assessing 

Safety Hardware (MASH). First, full-scale testing had shown that the current design of the cable 

median barrier had difficultly capturing vehicles when the barrier was placed down the slope. 

Full-scale test no. 4CMB-5 showed that impacting the system at a post and while airborne tended 

to pull down the top cable and compromise vehicle capture [2]. Second, full -scale test no. 

4CMBLT-1 indicated that the current cable barrier system design could cause A-pillar crush in 

small cars and sedans, as shown in Figure 1 [3]. Review of the full -scale test results suggested 

that two factors contributing to the A-pillar crush were the lateral, or strong-axis, strength of the 

post and the release forces of the cable to post attachment. Finally, review of the behavior of the 

cable-to-post attachments in the current design found that the current attachment behavior was 

not optimized. The attachments appeared to be too strong vertically to release cables safely and 

effectively. With respect to the strong-axis release loads, it was observed that the strong-axis 

release forces were not sufficient to yield and displace the posts in the system to effectively 
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absorb energy. This behavior was believed to be critical to maximize energy dissipation and 

control deflections. 

 
 

Figure 1. A-pillar Damage. Test No. 4CMBLT-1 

Based on this analysis, the researchers began an effort to redesign several of the system 

components, including the cable-to-post attachments and the support posts. Redesign of the 

cable-to-post attachments was detailed in a previous report [4]. This report will detail the 

redesign of the cable barrier post itself. 

The posts used in the non-proprietary high-tension cable median barrier serve to support 

the cables at the appropriate height and dissipate a portion of the kinetic energy of the impact 

vehicle through rotation and deformation at impact. The weak- and strong-axis capacities of 
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these posts and their interaction with the barrier cables and the vehicle have a significant effect 

on the performance of the barrier system. The current non-proprietary high-tension cable median 

barrier employed S3x5.7 (S76x8.5) steel posts, but it was believed that the post design could be 

optimized to improve barrier performance. The primary goal of the new post sections was to 

lower the lateral, or strong-axis, strength of the post. It was believed that a post with lower 

strong-axis capacity would result in lower forces imparted to the A-pillar and reduced A-pillar 

damage. Lowering the lateral capacity of the post would also allow for yielding and deflection of 

the post at lower loads, which was hoped to improve energy absorption as compared to the 

current post design. In addition, data analysis of current cable median barriers also suggested that 

cable median barriers with lower strong-axis post strengths have reduced tendencies for vehicle 

rollover [5].  

1.2 Objective 

The objective of this research study was to develop a revised post section for the non-

proprietary high-tension cable median barrier that improved the safety and function of the post 

by lowering strong-axis forces.  

1.3 Scope 

Redesign of the non-proprietary high-tension cable median barrier post was accomplished 

through design, computer simulation, and component testing. The research effort began with an 

analysis of potential post sections, folded plate sections, and available sheet metal materials for 

use in the post design. Next, finite element computer simulation was used to evaluate the post 

sections prior to development of design prototypes. Finally, component testing of prototype post 

designs and additional computer simulations were conducted to select the optimum design. 
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2 DESIGN CRITERIA  

The first step in the research effort to design an improved post for the non-proprietary 

high-tension cable median barrier was to determine the design criteria for the new post section 

with the goal of improving the performance of the barrier system. Several design criteria were 

identified for the post: 

1. Lateral (strong-axis) capacity 

a. As noted previously, one of the main criteria for the new post design was to 

reduce the strong-axis capacity of the post section in order to limit the loading 

of the A-pillar by the cables and improve the energy dissipation of the system. 

2. Longitudinal (weak-axis) capacity 

a. The longitudinal capacity of the new post section was desired to have equal or 

less strength than the current S3x5.7 (S76x8.5) post in order to reduce 

potential vehicle instabilities or snag concerns with vehicles impacting the 

posts during vehicle redirection.  

3. Cable attachments 

a. The new post section needed to have a geometry that allowed for mounting of 

the cable-to-post attachments developed previously, including the tabbed 

bracket used for the lower three cables and the top cable attachment developed 

in the previous study [4], as shown in Figure 2. 

4. Reduced cost 

a. It was desired to investigate the use of alternative shapes and post sections 

that could reduce the cost of the posts in the system. 

With these criteria in mind, the researchers began the design and evaluation of potential 

post sections, as detailed in the subsequent chapter. 
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Tabbed Bracket Version 10     Keyway Version 8 

 

 
Top Cable Attachment 

 

Figure 2. Previously Developed Tabbed Bracket and Top Cable-to-Post Attachments 
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3 DESIGN OF ALTERNATIVE  POST SECTIONS ï ROUND 1 

Development of the potential post sections for the non-proprietary high-tension cable 

median barrier involved reviewing available sections, investigation of non-standard sections 

fabricated from sheet metal, and finite element computer simulation of potential designs to 

suggest preferred designs for component testing.  

3.1 Standard Structural Steel Sections 

Currently available structural steel sections were reviewed for use as potential alternative 

sections. However, no existing structural steel shapes were identified that met the design criteria. 

Review of W and HP shape sections found that they were all heavier and had higher lateral and 

longitudinal capacities than the current S3x5.7 (S76x8.5) post. Similarly, S and M shapes could 

not be identified that reduced the lateral capacity of the post below the current section. C and MC 

sections were investigated, and a limited number of these sections were found with strengths in 

the desired ranges. However, the geometry of the C and MC sections were not conducive to 

mounting of cable-to-post attachments. L-angles and T shapes were disregarded due to their lack 

of symmetry. Thus, no existing structural steel sections were identified that could improve upon 

the S3x5.7 (S76x8.5) post.  

3.2 Non-Standard/Fabricated Sections 

The lack of existing steel sections that met the design criteria led the researchers to 

consider alternative post sections that could be fabricated from folded or rolled sheet steel. 

Fabrication of alternative sections from sheet steel posed several advantages. First, the geometry 

and section properties of the post could be tailored to meet the desired lateral and longitudinal 

capacities and facilitate the cable-to-post attachments. Second, the post sections could be 

fabricated from readily available sheet steel material using standard rolling and punching 

methods to create the post geometry and the keyways and notch in the posts. Third, the posts 
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could be designed to use less steel per linear foot than the S3x5.7 (S76x8.5) post. Thus, it was 

anticipated that the fabricated post sections would cost considerably less than the current post 

design.  

A wide range of sheet steel materials are available in terms of the steel grade and the 

thickness or gauge. Review of potential steel grades for the fabricated post section found that the 

available grades of sheet steel could range from low-strength carbon steels with a broad strength 

specification and degree of variability to very high-strength sheet steels. The researchers chose a 

hot-rolled ASTM A1011 HSLAS Grade 50 sheet steel for the post section that compromised 

between these extremes. Hot-rolled ASTM A1011 HSLAS Grade 50 sheet steel is a structural 

steel sheet metal grade that provided consistent yield and ultimate strength values similar to the 

ASTM A992 specification used in structural steel W and S sections. In addition, the steel had 

relatively good ductility in order to provide reliable energy absorption through post deformation. 

Review of the available sheet metal gauges in that steel specification found that the steel could 

be obtained as thick as 7 gauge. Thicker gauge sheet was desired to provide sufficient structure 

to prevent flange deformation under the loading of the cable-to-post attachments and to prevent 

damage or buckling of the post section if the post was driven when installed. 

The researchers selected a C-shaped folded post design for the initial investigation of alternative 

post designs. A C-shaped post provided several benefits, in that it allowed easy attachment of the 

cable-to-post connections, the section could be easily tuned to meet the design criteria, and it 

would be easy to fabricate due to the limited number of bends. The researchers chose two 

prototype post sections to evaluate through component testing, as shown in Figure 3. The C-

shaped post cross sections were designed to have the same depth as the existing S3x5.7 

(S76x8.5) post. The width of the post was lowered to reduce the lateral or strong-axis capacity of 

the post section while still providing sufficient area for mounting of the cable-to-post attachment 
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hardware. Two gauge thicknesses, 7 gauge and 10 gauge, were selected for the prototype posts in 

order to evaluate the reduced post capacity in both the strong and weak axes. Both post sections 

significantly reduced the post strength and the weight per foot of the post.  

In order to evaluate the post designs a series of component tests of the post were 

conducted in soil and in rigid sleeves. The results of these tests are detailed in subsequent 

chapters. 
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Figure 3. Comparison of Proposed C-Section Posts and S3x5.7 (S76x8.5) Post 

Sx=Strong-axis section modulus 

Sy=Weak-axis section modulus 
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4 TEST CONDITIONS  

4.1 Test Facility 

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

Municipal Airport and is approximately 5 miles (8.0 km) northwest of the University of 

Nebraska-Lincoln city campus.  

4.2 Equipment 

Equipment and instrumentation utilized to collect and record data during the dynamic 

bogie tests included a bogie, onboard accelerometers, pressure tape switches, an optic speed trap, 

high-speed and standard-speed digital cameras, and a still camera.  

 Bogie 

A rigid-frame bogie was used to impact the posts. A variable-height, detachable impact 

head was used in the testing. The bogie head was constructed of 8-in. (203-mm) diameter, ½-in. 

(13-mm) thick standard steel pipe, with ¾-in. (19-mm) neoprene belting wrapped around the 

pipe to prevent local damage to the post from the impact. The impact head was bolted to the 

bogie vehicle, creating a rigid frame with an impact height of 27 in. (686 mm). The bogie with 

the impact head is shown in Figure 4. The weight of the bogie with the addition of the mountable 

impact head and accelerometers were approximately 1,870 lb (848 kg).  

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

impact speed of 20 mph (32 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 braking system was installed on the bogie, allowing it to be brought safely to rest after 

the test. 
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Figure 4. Rigid Frame Bogie and Guidance Track 

 Accelerometers 

Three accelerometers were utilized to measure the acceleration in the lateral, 

longitudinal, and vertical directions. However, only the weak-axis accelerations were processed 

and reported. The accelerometers were mounted on the bogie vehicle near its center of gravity 

(c.g.). 

The first accelerometer system, SLICE 6DX was a modular data acquisition system 

manufactured by Diversified Technical Systems, Inc. (DTS) of Seal Beach, California. The 

acceleration sensors were mounted inside the body of the 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. The DTS-SLICE was used in test nos. CPK-1 and CPK-2, and CPZ-1 

through CPZ-3. 
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The second accelerometer system was a two-arm piezoresistive accelerometer system 

manufactured by Endevco of San Juan Capistrano, California. Three accelerometers were used to 

measure each of the lateral, longitudinal, and vertical accelerations independently at a sample 

rate of 10,000 Hz. The accelerometers were configured and controlled using a system developed 

and manufactured by DTS. More specifically, data was collected using a DTS Sensor Input 

Module (SIM), Model TDAS3-SIM-16M. The SIM was configured with 16 MB SRAM and 

eight sensor input channels with 250 kB SRAM/channel. The SIM was mounted on a TDAS3-R4 

module rack. The module rack was configured with isolated power/event/communications, 

10BaseT Ethernet and RS232 communications, and an internal backup battery. Both the SIM and 

module rack were crashworthy. The ñDTS TDAS Controlò computer software program and a 

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

The DTS was used in test nos. 4CMBC-1 through 4CMBC-16. 

The third accelerometer, Model EDR-3, was a triaxial piezoresistive accelerometer 

system developed by Instrumental Sensor Technology (IST) of Okemos, Michigan. The EDR-3 

was configured with 256 kB of RAM, a range of Ñ200 gôs, a sample rate of 3,200 Hz, and a 

1,120-Hz low-pass filter. The ñDynaMax 1 (DM-1)ò computer software program and a 

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

The EDR-3 was used in all of the tests.  

 Pressure Tape Switches 

Three pressure tape switches, spaced at approximately 3.3-ft (1.0-m) intervals and placed 

near the end of the bogie track, were used to determine the speed of the bogie before impact for 

test nos. 4CMBC-1 through 4CMBC-16. As the right-front tire of the bogie passed over each 

tape switch, a strobe light was fired, sending an electronic timing signal to the data acquisition 

system. The system recorded the signals and the time each occurred. The speed was then 
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calculated using the spacing between the sensors and the time between the signals. Strobe 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. 

 Optic Speed Trap 

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

before impact in test nos. CPK-1 and CPK-2, and CPZ-1 through CPZ-3. Three retroreflective 

targets, spaced at approximately 4-in. (102-mm) intervals, were applied to the side of the bogie 

vehicle which broke the beam of light. When the emitted beam of light was returned to the 

Emitter/Receiver, a signal was sent to the Optic Control Box, which in turn sent a signal to the 

data computer as well as activated the External LED box. The computer recorded the signals and 

the time each occurred. 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 only used as a backup in the event that vehicle speeds cannot be determined from the 

electronic data. 

 Digital Photography 

One AOS VITcam high-speed digital video camera and two JVC digital video cameras 

were used to document each test. The AOS high-speed camera had a frame rate of 500 frames 

per second and the JVC digital video cameras had frame rates of 29.97 frames per second. The 

high-speed digital video camera and one digital video camera were placed laterally from the 

post, with a view perpendicular to the bogieôs direction of travel. The second digital video 

camera was placed on the opposite side of the post with respect to the other two cameras. A 

Nikon D50 digital still camera was also used, to document pre- and post-test conditions for all 

tests. 
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4.3 End of Test Determination 

When the impact head initially contacted the test article, the force exerted by the 

surrogate test vehicle was directly perpendicular. However, as the post rotated, the surrogate test 

vehicleôs orientation and path moved farther from perpendicular. This introduced two sources of 

error: (1) the contact force between the impact head and the post has a vertical component and 

(2) the impact head slides upward along the test article. Therefore, only the initial portion of the 

accelerometer trace may be used since variations in the data become significant as the system 

rotates and the surrogate test vehicle overrides the system. For this reason, the end of the test 

needed to be defined. 

Guidelines were established to define the end-of-test time using the high-speed digital 

video of the crash test. The first occurrence of either of the following events was used to 

determine the end of the test: (1) the test article fractures, or (2) the surrogate vehicle 

overrides/loses contact with the test article. 

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 [6]. 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 pressure tape switch data, was then used to determine 

the bogie velocity, and the calculated velocity trace was integrated to find the bogieôs 

displacement, which is also the deflection 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 DYNAMIC TESTING  ï C-SECTION POSTS 

5.1 Scope 

A series of dynamic component tests were conducted on two C-section alternative cable 

barrier post designs in order to compare their performance to the S3x5.7 (S76x8.5) steel post 

used in the previously tested version of the non-proprietary high-tension cable median barrier 

system. Sixteen dynamic component tests were conducted on folded sheet metal C-section posts 

with two different gauge thicknesses. All posts were fabricated from hot-rolled ASTM A1011 

HSLAS Grade 50 sheet steel. The target impact speed was 20 mph (32 km/h) for all sixteen tests. 

There were eight tests conducted on the postsô strong axis and eight tests conducted on the postsô 

weak axis. From the sixteen tests, eight tests were conducted in soil and eight tests were 

conducted in a sleeve. The dynamic component test matrix is show in Table 1. The test setup and 

bent C-section post set-up are shown in Figures 5 through 7. Material specifications, mill 

certificates, and certificates of conformity for the post materials used in all sixteen tests are 

shown in Appendix A.  

A compacted, coarse, crushed limestone material, as recommended by MASH [7], was 

utilized for test nos. 4CMBC-1 through 4CMBC-8. Soil specifications are shown in Appendix B. 

MASH adheres to the general philosophy that testing longitudinal barriers in stiff soil results in 

higher impact and barrier loads; increased occupant risk values; and increased propensity for rail 

rupture, pocketing, and snag. MASH has established a minimum post-soil resistance force 

standard to ensure systems are installed in strong, stiff soil. Therefore, test nos. 4CMBC-1 

through 4CMBC-8 utilized heavily compacted soil. Test nos. 4CMBC-9 through 4CMBC-16 

were conducted in a steel sleeve placed in concrete.  
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Table 1. Dynamic Post Testing Matrix, Test Nos. 4CMBC-1 through 4CMBC-16 

Test No. Post Type Gauge 
Impact 

Axis 

Foundation 

Type 

Post 

Length  

in.  

(mm) 

Embedment 

Depth        

in.  

(mm) 

Target 

Impact 

Velocity    

mph 

(km/h) 

4CMBC-1 
Bent  

C-Section 
10 Strong Soil 

90 

(2,286) 

42  

(1,067) 

20 

(32) 

4CMBC-2 
Bent  

C-Section 
10 Strong Soil 

90 

(2,286) 

42  

(1,067) 

20 

(32) 

4CMBC-3 
Bent  

C-Section 
10 Weak Soil 

90 

(2,286) 

42  

(1,067) 

20  

(32) 

4CMBC-4 
Bent  

C-Section 
10 Weak Soil 

90 

(2,286) 

42  

(1,067) 

20  

(32) 

4CMBC-5 
Bent  

C-Section 
7 Strong Soil 

90 

(2,286) 

42  

(1,067) 

20  

(32) 

4CMBC-6 
Bent  

C-Section 
7 Strong Soil 

90 

(2,286) 

42  

(1,067) 

20  

(32) 

4CMBC-7 
Bent  

C-Section 
7 Weak Soil 

90 

(2,286) 

42  

(1,067) 

20  

(32) 

4CMBC-8 
Bent  

C-Section 
7 Weak Soil 

90 

(2,286) 

42  

(1,067) 

20  

(32) 

4CMBC-9 
Bent  

C-Section 
10 Strong Sleeve 

90 

(2,286) 

42  

(1,067) 

20  

(32) 

4CMBC-10 
Bent  

C-Section 
10 Strong Sleeve 

90 

(2,286) 

42  

(1,067) 

20  

(32) 

4CMBC-11 
Bent  

C-Section 
7 Strong Sleeve 

90 

(2,286) 

42  

(1,067) 

20  

(32) 

4CMBC-12 
Bent  

C-Section 
7 Strong Sleeve 

90 

(2,286) 

42  

(1,067) 

20  

(32) 

4CMBC-13 
Bent  

C-Section 
10 Weak Sleeve 

90 

(2,286) 

42  

(1,067) 

20  

(32) 

4CMBC-14 
Bent  

C-Section 
10 Weak Sleeve 

90 

(2,286) 

42  

(1,067) 

20  

(32) 

4CMBC-15 
Bent  

C-Section 
7 Weak Sleeve 

90 

(2,286) 

42  

(1,067) 

20  

(32) 

4CMBC-16 
Bent  

C-Section 
7 Weak Sleeve 

90 

(2,286) 

42  

(1,067) 

20  

(32) 
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Figure 5. Test Setup, Test Nos. 4CMBC-1 through 4CMBC-8



 

 

M
a
y
 7

, 2
0

15
  

M
w

R
S

F
 R

e
p

o
rt N

o
. TR

P
-0

3-2
8
6-1

5
 

 

1
8 

 
Figure 6. Test Setup, Test Nos. 4CMBC-9 through 4CMBC-16
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Figure 7. C-Section Post Details, Test Nos. 4CMBC-1 through 4CMBC-16 
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5.2 Dynamic Testing Results 

The information desired from the bogie tests was the relationship between the applied 

force and deflection of the post at the impact location. This data was then used to find the total 

energy (the area under the force vs. deflection curve) dissipated during each test. The energy 

curve was used to compute the average force at a specific deflection using the following formula: 

Ὂ
ὉὲὩὶὫώ

ὈὩὪὰὩὧὸὭέὲ
 

Although the acceleration data was applied to the impact location, the data came from the 

c.g. of the bogie. Error was added to the data since the bogie was not perfectly rigid and 

sustained vibrations. The bogie may have also rotated during impact, causing differences in 

accelerations between the bogie center of mass and the bogie impact head. While these issues 

may affect the data, the data was still valid. Filtering procedures were applied to the data to 

smooth out vibrations, and the rotations of the bogie during the tests were minor. One useful 

aspect of using accelerometer data was that it included influences of the post inertia on the 

reaction force. This was important as the mass of the post would affect barrier performance as 

well as test results. 

Results of each test are discussed in the following sections. The accelerometer data for 

each test was processed to obtain acceleration, velocity, and deflection curves, as well as force 

vs. deflection and energy vs. deflection curves. The values described herein were calculated from 

either the DTS-SLICE or DTS data curves. Individual results for all accelerometers used during 

each test are provided in Appendix C.  

 Test No. 4CMBC-1 

During test no. 4CMBC-1, the bogie impacted the 10-gauge C-section steel post 

embedded in soil at a speed of 20.2 mph (32.5 km/h). As a result of the strong-axis impact, the 
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post bent backward, twisted, and buckled approximately 6 in. (152 mm) above the groundline. 

The bogie overrode the post at a maximum deflection of 14.4 in. (366 mm).  

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

data are shown in Figure 8. The forces fluctuated below 0.8 kips (3.6 kN) over the first few 

inches of deflection. The forces then escalated to a peak force of 1.8 kips (8.0 kN) at 8.8 in. (224 

mm) of deflection, with slight fluctuation. The post provided an average resistive force of 1.0 

kips (4.4 kN) through 10 in. (254 mm) of deflection and 0.9 kips (4.0 kN) through 15 in. (381 

mm) of deflection. The average resistive force was calculated through 15 in. (381 mm) for 

comparison even though the maximum deflection was 14.4 in. (366 mm). The energy absorbed 

by the post was 10.2 kip-in. (1.2 kJ) through 10 in. (254 mm) of deflection and 13.6 kip-in. (1.5 

kJ) through 15 in. (381 mm) of deflection. Pre-test and post-test photographs are shown in Figure 

9. Time-sequential photographs are shown in Figure 10. 
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Figure 8. Force vs. Deflection and Energy vs. Deflection, Test No. 4CMBC-1 
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Figure 9. Pre-Test and Post-Test Photographs, Test No. 4CMBC-1 
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Figure 10. Sequential Photographs, Test No. 4CMBC-1 
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 Test No. 4CMBC-2 

During test no. 4CMBC-2, the bogie impacted the 10-gauge C-section steel post 

embedded in soil at a speed of 20.4 mph (32.8 km/h). As a result of the strong-axis impact, the 

post bent backward, twisted, and buckled approximately 6 in. (152 mm) above the groundline. 

The bogie overrode the post at a maximum deflection of 19.1 in. (485 mm).  

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

data are shown in Figure 11. The forces quickly rose to a peak force of 4.4 kips (19.6 kN) at 1.5 

in. (38 mm) of deflection. The post provided an average resistive force of 1.8 kips (8.0 kN) 

through 10 in. (254 mm) of deflection and 1.4 kips (6.2 kN) through 15 in. (381 mm) of 

deflection. The energy absorbed by the post was 17.9 kip-in. (2.0 kJ) through 10 in. (254 mm) of 

deflection and 21.0 kip-in. (2.4 kJ) through 15 in. (381 mm) of deflection. Pre-test and post-test 

photographs are shown in Figure 12. Time-sequential photographs are shown in Figure 13. 
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Figure 11. Force vs. Deflection and Energy vs. Deflection, Test No. 4CMBC-2 
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Figure 12. Pre-Test and Post-Test Photographs, Test No. 4CMBC-2 
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Figure 13. Sequential Photographs, Test No. 4CMBC-2 
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 Test No. 4CMBC-3 

During test no. 4CMBC-3, the bogie impacted the 10-gauge C-section steel post 

embedded in soil at a speed of 20.2 mph (32.5 km/h). As a result of the weak-axis impact, the 

post bent backward, and yielded approximately 2 in. (51 mm) below the groundline. The bogie 

overrode the post at a maximum deflection of 24.7 in. (627 mm).  

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

data are shown in Figure 14. The forces quickly rose to a peak force of 3.7 kips (16.5 kN) at 2.0 

in. (51 mm) of deflection. The post provided an average resistive force of 1.0 kips (4.4 kN) 

through 10 in. (254 mm) of deflection and 0.9 kips (4.0 kN) through 15 in. (381 mm) of 

deflection. The energy absorbed by the post was 10.5 kip-in. (1.2 kJ) through 10 in. (254 mm) of 

deflection and 13.6 kip-in. (1.5 kJ) through 15 in. (381 mm) of deflection. Pre-test and post-test 

photographs are shown in Figure 15. Time-sequential photographs are shown in Figure 16. 



May 7, 2015  

MwRSF Report No. TRP-03-286-15 

28 

 
Figure 14. Force vs. Deflection and Energy vs. Deflection, Test No. 4CMBC-3 
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Figure 15. Pre-Test and Post-Test Photographs, Test No. 4CMBC-3 
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Figure 16. Sequential Photographs, Test No. 4CMBC-3 
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 Test No. 4CMBC-4 

During test no. 4CMBC-4, the bogie impacted the 10-gauge C-section steel post 

embedded in soil at a speed of 21.1 mph (34.0 km/h). As a result of the weak-axis impact, the 

post bent backward and yielded approximately 2 in. (51 mm) below the groundline. The bogie 

overrode the post at a maximum deflection of 22.1 in. (561 mm).  

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

data are shown in Figure 17. The forces quickly rose to a peak force of 3.7 kips (16.5 kN) at 2.3 

in. (58 mm) of deflection. The post provided an average resistive force of 0.9 kips (4.0 kN) 

through both 10 in. (254 mm) and 15 in. (381 mm) of deflection. The energy absorbed by the 

post was 8.6 kip-in. (1.0 kJ) through 10 in. (254 mm) of deflection and 13.5 kip-in. (1.5 kJ) 

through 15 in. (381 mm) of deflection. Pre-test and post-test photographs are shown in Figure 18. 

Time-sequential photographs are shown in Figure 19. 
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Figure 17. Force vs. Deflection and Energy vs. Deflection, Test No. 4CMBC-4 
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Figure 18. Pre-Test and Post-Test Photographs, Test No. 4CMBC-4 
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Figure 19. Sequential Photographs, Test No. 4CMBC-4 
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 Test No. 4CMBC-5 

During test no. 4CMBC-5, the bogie impacted the 7-gauge C-section steel post embedded 

in soil at a speed of 19.4 mph (31.2 km/h). As a result of the strong-axis impact, the post bent 

backward, twisted, and buckled approximately 6 in. (152 mm) above the groundline. The bogie 

overrode the post at a maximum deflection of 18.7 in. (475 mm).  

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

data are shown in Figure 20. The forces quickly rose to a peak force of 5.4 kips (24.0 kN) at 2.1 

in. (53 mm) of deflection. The post provided an average resistive force of 2.1 kips (9.3 kN) 

through 10 in. (254 mm) of deflection and 1.8 kips (8.0 kN) through 15 in. (381 mm) of 

deflection. The energy absorbed by the post was 20.6 kip-in. (2.3 kJ) through 10 in. (254 mm) of 

deflection and 27.7 kip-in. (3.1 kJ) through 15 in. (381 mm) of deflection. Pre-test and post-test 

photographs are shown in Figure 21. Time-sequential photographs are shown in Figure 22. 
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Figure 20. Force vs. Deflection and Energy vs. Deflection, Test No. 4CMBC-5 
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Figure 21. Pre-Test and Post-Test Photographs, Test No. 4CMBC-5 
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Figure 22. Sequential Photographs, Test No. 4CMBC-5 
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 Test No. 4CMBC-6 

During test no. 4CMBC-6, the bogie impacted the 7-gauge C-Section steel post 

embedded in soil at a speed of 20.4 mph (32.8 km/h). As a result of the strong-axis impact, the 

post bent backward, twisted, and buckled approximately 6 in. (152 mm) above the groundline. 

The bogie overrode the post at a maximum deflection of 19.3 in. (490 mm).  

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

data are shown in Figure 23. The forces quickly rose to a peak force of 5.9 kips (26.2 kN) at 2.2 

in. (56 mm) of deflection. There was a secondary force peak of 4.8 kips (21.4 kN) at 7.7 in. (196 

mm) of deflection. The post provided an average resistive force of 2.4 kips (10.7 kN) through 10 

in. (254 mm) of deflection and 1.9 kips (8.5 kN) through 15 in. (381 mm) of deflection. The 

energy absorbed by the post was 24.3 kip-in. (2.7 kJ) through 10 in. (254 mm) of deflection and 

28.1 kip-in. (3.2 kJ) through 15 in. (381 mm) of deflection. Pre-test and post-test photographs are 

shown in Figure 24. Time-sequential photographs are shown in Figure 25. 
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Figure 23. Force vs. Deflection and Energy vs. Deflection, Test No. 4CMBC-6 
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Figure 24. Pre-Test and Post-Test Photographs, Test No. 4CMBC-6 
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Figure 25. Sequential Photographs, Test No. 4CMBC-6 
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 Test No. 4CMBC-7 

During test no. 4CMBC-7, the bogie impacted the 7-gauge C-Section steel post 

embedded in soil at a speed of 21.9 mph (35.2 km/h). As a result of the weak-axis impact, the 

post bent backward, twisted, and yielded near the groundline. The bogie overrode the post at a 

maximum deflection of 24.0 in. (610 mm).  

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

data are shown in Figure 26. The forces quickly rose to a peak force of 4.7 kips (20.9 kN) at 1.8 

in. (46 mm) of deflection. The post provided an average resistive force of 1.5 kips (6.7 kN) 

through 10 in. (254 mm) of deflection and 1.4 kips (6.2 kN) through 15 in. (381 mm) of 

deflection. The energy absorbed by the post was 15.2 kip-in. (1.7 kJ) through 10 in. (254 mm) of 

deflection and 21.0 kip-in. (2.4 kJ) through 15 in. (381 mm) of deflection. Pre-test and post-test 

photographs are shown in Figure 27. Time-sequential photographs are shown in Figure 28. 
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Figure 26. Force vs. Deflection and Energy vs. Deflection, Test No. 4CMBC-7 
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Figure 27. Pre-Test and Post-Test Photographs, Test No. 4CMBC-7 
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Figure 28. Sequential Photographs, Test No. 4CMBC-7 


















































































































































































































































































































































































