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1 INTRODUCTION  

1.1 Background 

The Midwest Roadside Safety Facility (MwRSF) has utilized computer simulation during 

the design phases of many projects. Researchers have relied primarily on strong-axis 

performance of posts embedded in soil to verify post-soil reactions during an impact. As 

computer simulation becomes more prominently used, there is a need to refine the performance 

of a post embedded in soil. Thus, collecting data for the performance of a post impacted in the 

weak-axis is necessary. 

1.2 Objective 

The primary objective of this research study was to determine the soil-post impact 

reaction of W6x8.5 (W150x12.6) steel posts and 6-in. x 8-in. (152-mm x 203-mm) Southern 

Yellow Pine (SYP) posts when impacted along the weak-axis. 

1.3 Scope 

The primary research objective was achieved through the completion of several tasks. 

First, a series of bogie tests were conducted on W6x8.5 (W150x12.6) steel posts and 6-in. x 8-in. 

SYP posts to determine the post-soil performance along the weak-axis. An embedment depth of 

40 in. (1016 mm) was selected as the starting depth since it corresponds to standard Midwest 

Guardrail System (MGS) post embedment. Force vs. displacement, energy vs. displacement, and 

failure mechanisms of the steel and SYP posts were analyzed. Finally, conclusions and 

recommendations were made that pertain to performance of the steel and wood posts when 

impacted along the weak-axis.  
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2 TEST CONDITIONS  

2.1 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. 

2.2 Equipment and Instrumentation 

The equipment and instrumentation utilized to collect and record data during the dynamic 

bogie tests included a bogie, accelerometers, a retroreflective optic speed trap, high-speed and 

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

2.2.1 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 an 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, creating a rigid frame with an impact height of 24Ȫ in. (632 mm). The bogie with the 

impact head is shown in Figure 1. The weight of the bogie with the addition of the mountable 

impact head and accelerometers was 1,893 lb (859 kg) for tests nos. WAP-1 through WAP-5 and 

1,891 lb (858 kg) for tests nos. SYPW-1 through SYPW-4. 

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

impact speed of 20.0 mph (32.2 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 1. Rigid-Frame Bogie on Guidance Track 

2.2.2 Accelerometers 

One SLICE 6DX accelerometer system was mounted on the bogie vehicle near its center 

of gravity to measure the acceleration in the longitudinal direction for test nos. WAP-1 through 

WAP-5 and SYPW-1 through SYPW-4.  

The SLICE 6DX is 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 ±500 gôs; a sample rate of 10,000 Hz; and a 1,650 Hz (CFC 1000) anti-

aliasing filter. The SLICEWare computer software program and a customized Microsoft Excel 

worksheet were used to analyze and plot the accelerometer data. 

2.2.3 Retroreflective Optic Speed Trap 

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

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

were applied to the side of the bogie. When the emitter/receiver had emitted a beam of light and 

received it after reflection off the vehicle targets, a signal was sent to the data acquisition 
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computer, recording at 10,000 Hz, and also activated the external LED box. The speed was then 

calculated using the spacing between the retroreflective targets and the time between the signals. 

LEDs 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. 

2.2.4 Digital Photography 

One AOS VITcam high-speed digital video camera and two GoPro Hero 3 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 GoPro Hero 3 digital video cameras had a frame rate of 119 frames 

per second. Both cameras were placed laterally from the post with a view perpendicular to the 

bogieôs direction of travel. A Nikon D50 digital still camera was also used to document pre- and 

post-test conditions for all tests. 

2.3 End-of-Test Determination 

When the impact head initially contacts the test article, the force exerted by the surrogate 

test vehicle is directly perpendicular. However, as the post rotates the surrogate test vehicleôs 

orientation and path move farther from the perpendicular position. This introduces 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 video of 

the crash test. The first occurrence of any one of the following three events was used to 

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

overrides/loses contact with the test article, or (3) a maximum post rotation of 45 degrees occurs. 
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2.4 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 [2]. 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 vs. time. The 

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. 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. 

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

center of gravity of the rigid bogie. Error may be potentially induced by the data since the bogie 

may not be perfectly rigid and sustains vibrations. The bogie may rotate during impact events, 

causing differences in accelerations between the bogieôs center of mass and the impact head. 

While these issues may potentially affect the data, the effects are believed to be very small for 

short-duration events. Thus, the data was deemed valid for comparison purposes. Filtering 

procedures were applied to the electronic data to smooth out vibrations. Rotations of the bogie 

were minor. One useful aspect of using accelerometer data was that it included inertial influences 

in the postôs resistive force. Mass effects were considered beneficial as they can affect barrier 

performance as well as influence test results. 

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. 
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3 COMPONENT TESTING RESULTS AND DISCUSSION 

3.1 Purpose 

In previous research, MwRSF has conducted numerous dynamic bogie tests of W6x8.5 

(W150x12.6) steel posts and 6-in. x 8-in. (152-mm x 203-mm) SYP posts. However, no such 

tests had been conducted on these posts when impacted along the weak axis. Therefore, bogie 

tests were undertaken on W6x8.5 (W150x12.6) steel posts and 6-in. x 8-in. (152-mm x 203-mm) 

SYP posts impacted along the weak axis at varying embedment depths to determine their 

dynamic properties.  

3.2 Scope 

Five bogie tests were conducted on 72-in. (1,829-mm) long W6x8.5 (W150x12.6) A992 

steel posts with embedment depths ranging from 24 to 40 in. (610 to 1,016 mm), as shown in 

Figures 2 and 3. Also, four bogie tests were conducted on 72-in. (1,829-mm) long 6-in. x 8-in. 

(152mm x 203mm) SYP posts embedded at depths ranging from 30 to 40 in. (762 to 1,016 mm), 

as shown in Figures 4 and 5. A compacted, coarse crushed limestone material, as recommended 

by the Manual for Assessing Safety Hardware (MASH), was utilized for all tests [1]. 

The target impact conditions were an impact speed of 20 mph (32.2 km/h) and an impact 

angle of 0 degrees, creating weak-axis bending. The posts were impacted 24Ȫ in. (632 mm) 

above the groundline and perpendicular to the web of the post. The dynamic component testing 

matrix and the test setup are shown in Table 1. Material specifications, mill certifications, and 

certificates of conformity for the posts and soil specifications are shown in Appendix A. 
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Figure 2. Bogie Test Matrix and Setup, W6x8.5 (W150x12.6) Steel Posts
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Figure 3. Weak-Axis Impact Post Details, W6x8.5 (W150x12.6) Steel Posts
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Figure 4. Bogie Test Matrix and Setup, 6-in. x 8-in. (152-mm x 203-mm) SYP Posts
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Figure 5. Weak-Axis Impact Post Details, 6-in. x 8-in. (152-mm x 203-mm). SYP Posts
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Table 1. Test Matrix 

 
 

3.3 Results 

Results from all nine dynamic component tests are discussed in the following 

subsections. The force and displacement data shown in this section was calculated from the 

SLICE accelerometer unit. Results for all accelerometers used on each test are provided in 

Appendix B.  

3.3.1 Test No. WAP-1 

During test no. WAP-1, the bogie impacted the W6x8.5 (W150x12.6) steel post 

embedded 40 in. (1,016 mm) at a speed of 20.4 mph (32.8 km/h). Upon impact, the post began to 

rotate through the soil. Post rotation continued until the bogie overrode the post at a displacement 

of 36.5 in. (927 mm). The post bent and yielded approximately 8 in. (203 mm) below the 

groundline. 

72 40 20 24
7
/8

(1829) (1016) (32.2) (632)

72 34 20 24
7
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(1829) (864) (32.2) (632)

72 28 20 24
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(1829) (1016) (32.2) (632)
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7
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7
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7
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Target 

Speed

mph

(km/h)

Impact 

Height

in.
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(mm)

Impact 

Orientation

Weak Axis

Weak Axis

SYPW-4
6-in. x 8-in.

(152 mm  x  203 mm)

Post Material

A992 Steel

A992 Steel

A992 Steel

A992 Steel

A992 Steel

Southern Yellow Pine Wood

Southern Yellow Pine Wood

Southern Yellow Pine Wood

Southern Yellow Pine Wood

SYPW-1
6-in. x 8-in.

(152mm  x  203mm)

SYPW-2
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(152 mm  x  203 mm)
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(152 mm  x  203 mm)

WAP-3
W6x8.5

(W150x12.6)

WAP-4
W6x8.5

(W150x12.6)

WAP-5
W6x8.5

(W150x12.6)

WAP-1

Test No. Post Description

W6x8.5

(W150x12.6)

WAP-2
W6x8.5

(W150x12.6)
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Force vs. deflection and energy vs. deflection curves created from the SLICE 

accelerometer data are shown in Figure 6. The forces rose to a peak force of 5.8 kips (25.8 kN) at 

2.0 in. (51 mm) of deflection. The average resistive force decreased to approximately 4 kips 

(17.8kN). A total of 110.1 kip-in. (12.4 kJ) of energy was absorbed by the system before the 

bogie overrode the post at 36.5 in. (927 mm). Time-sequential and post-impact photographs are 

shown in Figure 7. 

 
Figure 6. Force vs. Deflection and Energy vs. Deflection, Test No. WAP-1 
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Figure 7. Time-Sequential and Post-Impact Photographs, Test No. WAP-1 
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3.3.2 Test No. WAP-2 

During test no. WAP-2, the bogie impacted the W6x8.5 (W150x12.6) steel post 

embedded 34 in. (864 mm) at a speed of 20.2 mph (32.5 km/h). Post rotation continued until the 

bogie overrode the post at a displacement of 41.5 in. (1,054 mm). The post bent and yielded 

approximately 8 in. (203 mm) below the groundline. 

Force vs. deflection and energy vs. deflection curves created from the SLICE 

accelerometer data are shown in Figure 8. The forces rose to a peak force of 9.7 kips (43.1 kN) at 

1.7 in. (43 mm) of deflection. The posts provided an average resistive force of around 4.0 kips 

(17.8 kN) through 12.0 in. (305 mm) of deflection. A total of 113.1 kip-in. (12.8 kJ) of energy 

was absorbed by the system before the bogie overrode the post at 41.5 in. (1,054 mm). Time-

sequential and post-impact photographs are shown in Figure 9.  

 
Figure 8. Force vs. Deflection and Energy vs. Deflection, Test No. WAP-2 
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Figure 9. Time-Sequential and Post-Impact Photographs, Test No. WAP-2 
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3.3.3 Test No. WAP-3 

During test no. WAP-3, the bogie impacted the W6x8.5 (W150x12.6) steel post 

embedded 28 in. (711 mm) at a speed of 20.6 mph (33.2 km/h). Upon impact, the post began to 

rotate through the soil. Post rotation continued until the bogie overrode the top of the post at a 

displacement of 41.5 in. (1,054 mm). The post bent slightly and encountered minor yielding 

below the groundline. 

Force vs. deflection and energy vs. deflection curves created from the SLICE 

accelerometer data are shown in Figure 10. The forces rose to a peak force of 12.2 kips (54.3 kN) 

at 1.7 in. (43 mm) of deflection. The post provided an average resistive force of 4.0 kips 

(17.8kN) through 12.0 in. (305 mm) of deflection. The force then steadily decreased for the 

remainder of the impact event. A total of 103.1 kip-in. (11.6 kJ) of energy was absorbed before 

the bogie overrode the post at 41.5 in. (1,054 mm). Time-sequential and post-impact photographs 

are shown in Figure 11.  

 
Figure 10. Force vs. Deflection and Energy vs. Deflection, Test No. WAP-3 
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Figure 11. Time-Sequential and Post-Impact Photographs, Test No. WAP-3 
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3.3.4 Test No. WAP-4 

During test no. WAP-4, the bogie impacted the W6x8.5 (W150x12.6) steel post 

embedded 24 in. (610 mm) at a speed of 20.5 mph (33.0 km/h). Upon impact, the post began to 

rotate through the soil. The post continued to rotate until the bogie overrode the post at a 

displacement of 41.2 in. (1,046 mm). The post bent slightly and encountered minor yielding 

below the groundline. 

Force vs. deflection and energy vs. deflection curves created from the SLICE 

accelerometer data are shown in Figure 12. The forces rose to a peak force of 15.4 kips (68.5 kN) 

at 1.8 in. (46 mm) of deflection. The post provided an average force of approximately 3.8 kips 

(16.9 kN) through 27 in. (686 mm) of deflection. The force then steadily decreased for the 

remainder of the impact event. A total of 95.1 kip-in. (10.7 kJ) of energy was absorbed by the 

system before the bogie overrode the post at 41.2 in. (1,046 mm). Time-sequential and post-

impact photographs are shown in Figure 13. 

 
Figure 12. Force vs. Deflection and Energy vs. Deflection, Test No. WAP-4 
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Figure 13. Time-Sequential and Post-Impact Photographs, Test No. WAP-4 
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3.3.5 Test No. WAP-5 

During test no. WAP-5, the bogie impacted the W6x8.5 (W150x12.6) steel post 

embedded 24 in. (610 mm) at a speed of 20.3 mph (32.7 km/h). Upon impact, the post began to 

rotate through the soil. The post continued to rotate until the bogie overrode the post at a 

displacement of 37.7 in. (958 mm). The post bent backwards slightly and encountered minor 

yielding below the groundline. 

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

are shown in Figure 14. The force rose to a peak force of 15.4 kips (68.5 kN) at 1.7 in. (43 mm) 

of deflection. The post provided an average resistive force of 4.4 kips (19.6 kN) through 16 in. 

(406 mm) of deflection. The force then steadily decreased for the remainder of the impact event. 

A total of 87.7 kip-in. (9.9 kJ) of energy was absorbed by the system before the bogie overrode 

the post at 37.7 in (958 mm). Time-sequential and post-impact photographs are shown in Figure 

15.  

 
Figure 14. Force vs. Deflection and Energy vs. Deflection, Test No. WAP-5 
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Figure 15. Time-Sequential and Post-Impact Photographs, Test No. WAP-5  
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3.3.1 Test No. SYPW-1 

During test no. SYPW-1, the bogie impacted the 6-in. x 8-in. (152-mm x 203-mm) SYP 

post embedded 40 in. (1016 mm) at a speed of 20.5 mph (33.0 km/h). Upon impact, the post 

began to rotate through the soil. The post continued to rotate until it fractured at a displacement 

of 10.5 in. (267 mm). The post fractured approximately 6 in. (152 mm) below the groundline. 

 Force vs. deflection and energy vs. deflection curves created from the SLICE 

accelerometer data and are shown in Figure 16. A peak force of 14.3 kips (63.6 kN) was 

observed at 4.2 in. (107 mm) of deflection. At this point, the post began to fracture, and the 

resistive forces declined. The post continued to provide resistance until fracture was completed at 

a deflection of 10.5 in. (267 mm). A total of 82.1 kip-in. (9.3 kJ) of energy was absorbed by the 

post and soil by the conclusion of post fracture. Time-sequential and post-impact photographs 

are shown in Figure 17.  

 
Figure 16. Force vs. Deflection and Energy vs. Deflection, Test No. SYPW-1 
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Figure 17. Time-Sequential and Post-Impact Photographs, Test No. SYPW-1 
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3.3.2 Test No. SYPW-2 

During test no. SYPW-2, the bogie impacted the 6-in. x 8-in. (152-mm x 203-mm) SYP 

post embedded 30 in. (762 mm) at a speed of 20.8 mph (33.5 km/h). Upon impact, the post 

began to rotate through the soil. The post continued to rotate until it fractured at a displacement 

of 36.6 in. (930 mm). The SYP post showed no signs of fracture. 

Force vs. deflection and energy vs. deflection curves created from the SLICE 

accelerometer data are shown in Figure 18. Initially, the resistive force increased and reached a 

peak force of 15.7 kips (69.8 kN) at 1.0 in. (25 mm) of deflection. After this peak, the resistive 

force steadily decreased for the remainder of the impact event. A total of 121 kip-in. (13.7 kJ) of 

energy was absorbed by the system before the bogie overrode the post at 36.6 in. (930 mm). 

Time-sequential and post-impact photographs are shown in Figure 19.  

 
Figure 18. Force vs. Deflection and Energy vs. Deflection, Test No. SYPW-2 
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Figure 19. Time-Sequential and Post-Impact Photographs, Test No. SYPW-2 
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3.3.3 Test No. SYPW-3 

During test no. SYPW-3, the bogie impacted the 6-in. x 8-in. (152-mm x 203-mm) SYP 

post embedded 34 in. (864 mm) at a speed of 20.0 mph (32.2 km/h). Upon impact, the post 

began to rotate through the soil. Post rotation continued until the bogie overrode the post at a 

displacement of 40.3 in. (1,024 mm). The SYP post showed no signs of fracture.  

Force vs. deflection and energy vs. deflection curves created from the SLICE 

accelerometer data are shown in Figure 20. Initially, the resistive force increased and reached a 

peak force of 15.9 kips (70.7 kN) at 1.5 in. (38 mm) of deflection. After this peak, the post 

provided an average resistive force of approximately 7.6 kips (33.8 kN) through 13 in. (330 mm) 

of deflection. The force then steadily decreased for the remainder of the impact event. A total of 

162.5 kip-in. (18.4 kJ) of energy was absorbed by the system before the bogie overrode the post 

at 40.3 in. (1024 mm). Time-sequential and post-impact photographs are shown in Figure 21.  

 
Figure 20. Force vs. Deflection and Energy vs. Deflection, Test No. SYPW-3 
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Figure 21. Time-Sequential and Post-Impact Photographs, Test No. SYPW-3 




















































































