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1 INTRODUCTION  

1.1 Background 

In recent years, the Midwest Pooled Fund Program 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, and 

it was to be evaluated according to the Test Level 3 (TL-3) criteria of the Manual for Assessing 

Safety Hardware, Second Edition (MASH 2016) [1]. The most recent design prototype was a four 

cable system supported by weak-posts [2], as shown in Figure 1. This cable barrier system 

consisted of three hardware pieces: (1) a post fabricated from bent plate, referred to as the Midwest 

Weak Post (MWP); (2) a cable-to-post attachment bracket to be utilized on the lower three cables 

of the system; and (3) a V-notch and brass rod, cable attachment located at the top of the post. The 

cable-to-post attachment, fabricated from 12-gauge steel, had a tabbed top portion that extended 

through a keyway in the post, and was attached to the post with a 5/16-in. (8-mm) diameter bolt. 

The top of the tabbed bracket was designed to release through the keyway under relatively low 

vertical loading, approximately 300-400 lb (1.3-1.8 kN). However, when loaded laterally, the tabs 

would catch the narrow portion of the keyway and provide over 6 kips (26.7 kN) of resistance.  

 

   

Figure 1. Current Cable Median Barrier Prototype 
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Development of the cable median barrier has progressed through multiple crash tests in 

accordance with MASH 2009 and MASH 2016 TL-3 [1, 3]. Note that there is no difference 

between MASH 2009 and MASH 2016 test designation nos. 3-10 and 3-11 for longitudinal 

barriers, including the cable barriers studied in this research. However, the testing matrix has 

changed to include one additional test on level terrain as well as several other tests for evaluating 

barriers within ditches. 

Full-scale testing and evaluation with a 1500A midsize sedan and 2270P pickup trucks 

resulted in satisfactory system performance [4]. However, full-scale crash testing with the 1100C 

small car has resulted in the top of the post tearing the vehicleôs floor pan and penetrating into the 

occupant compartment as the vehicle overrode various system posts [5].  

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 against 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 floor pan 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 from satisfying the 

MASH 2009 safety criteria. Therefore, modifications to the MWP, including edge rounding, steel 

plate edge protectors, and post weakening techniques were made to prevent penetrating into the 

occupant compartment [6]. Moreover, the ¾-in. (19-mm) diameter hole resulted in a 10% 

reduction in strong-axis bending strength, and thus, was recommended for further evaluation 

through full-scale vehicle crash testing. The MWP with ¾-in. (19-mm) diameter weakening holes 

and rounded top edges was evaluated in accordance with MASH 2016 test designation no. 3-10 

[7]. The modified cable barrier system adequately contained and redirected the 1100C vehicle with 

controlled lateral displacements of the barrier. However, floor pan tearing again occurred, and the 

test was deemed unacceptable according to the MASH 2016 TL-3 safety criteria.  

In a follow-up study, a series of dynamic component tests were conducted to evaluate a 

two-part cap attached to the top of the MWP with a single ½-in. (13-mm) diameter retainer bolt 

that shielded the free edges of the MWP during post-to-vehicle contact [8]. The cable barrier with 

the modified post, as shown in Figure 2, was evaluated in full-scale crash test no. MWP-9 in 

accordance with MASH 2016 test designation no. 3-10 [9]. Cable nos. 3 and 4 snagged on the cap 

retainer bolt and nut and induced a downward and lateral force to the A-pillar. This interlock 

between the cables and the A-pillar resulted in excessive A-pillar crush. It was believed that a two-

part cap option would not be a viable, practical solution for mitigating floor pan tearing due to the 

increasing number of parts and complexity of the post design. Following the full-scale crash tests, 

the MwRSF researchers reviewed the current design of the high-tension cable median barrier and 

identified several areas of concern. First, the current MWP has exposed free edges which could 

cause floor pan tearing. This issue could be eliminated with the use of a closed-section or a folded-

section post with edges bent inward. It was also noted that further weakening of the post in both 

the lateral and longitudinal directions may potentially reduce concerns for excessive A-pillar crush.  
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Figure 2. Current Cable Median Barrier Prototype with Edge Protectors  

1.2 Objective 

The objective of this research effort was to evaluate closed-section posts for use in a 

prototype, non-proprietary, high-tension, cable median barrier system to be placed anywhere in a 

6H:1V V-ditch. 

1.3 Scope 

The design effort began with an investigation into closed sections that had strong- and 

weak-axis capacities within set desired ranges. The sections were evaluated through a series of 

dynamic component tests in the strong-axis and weak-axis orientations in a rigid foundation. The 

data from these tests was analyzed and reviewed in order to select a preferred closed section to be 

used as a post in the barrier. Finally, conclusions and recommendations were made concerning the 

potential post sections in the new cable median barrier prototype. 
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2 DESIGN OF ALTERNATIVE POST SECTIONS  

The current cable barrier system consists of MWPs that have exposed free edges which 

have caused floor pan tearing and penetration into the vehicle occupant compartment, as observed 

in several full-scale crash tests [5, 7]. This issue could be eliminated with the use of a closed-

section post or folded-section post with edges bent inward. Closed-section posts, such as 

rectangular tubes, provide much larger surface areas in which the contact load is distributed. The 

stress concentrations on the floor pan from contact with a free edge never forms, and the propensity 

for sheet metal tearing would be reduced. 

It was also noted that the strength of the post caused the top of overridden posts to press 

up against the undercarriage of the vehicle. Further weakening of the post in both the lateral and 

longitudinal directions may potentially reduce concerns for floor pan tearing and excessive A-

pillar crush. Therefore, development of the potential post sections for the non-proprietary, high-

tension, cable median barrier was continued by evaluating alternative closed sections.  

2.1 Design Criteria 

In order to improve the system performance through the use of a closed-section post, 

desired post criteria were established. These criteria included: 

1. Lateral (strong-axis) capacity 

The lateral capacity of the new post section was desired to be equal to or less than 

the current MWP (with strong-axis section modulus of 0.8467 in4 (3.5x105 mm4)) 

in order to limit the loading of the A-pillar by the cables and potentially improve 

the energy dissipation of the system. 

2. Longitudinal (weak-axis) capacity 

The longitudinal capacity of the new post design was desired to be less than the 

current MWP (with weak-axis section modulus of 0.2997 in4 (1.2x105 mm4)) in 

order to reduce potential vehicle floor pan tearing, vehicle instabilities or snag 

concerns with vehicles impacting the posts.  

3. Yield and Tensile Strength 

The yield strength and tensile strength shall meet the minimum values of 50 ksi 

(345 MPa) and 62 ksi (427 MPa), respectively. Note that ASTM A500 Grade B 

structural tubing was also deemed acceptable as long as its mill certification 

demonstrated a minimum yield strength of 50 ksi (345 MPa). AISC denotes that 

ASTM A500 Grade B structural tubing has a minimum yield strength of 46 ksi 

(317 MPa). 

4. Keep costs of the posts similar or less than MWP. 

5. Ease of attaching the cable-to-post attachments must be considered. 
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2.2 Closed Structural Steel Sections 

Closed structural steel sections, including the Hollow Structural Section (HSS) and 

Mechanical Tube (MT), were reviewed as potential alternative sections. Numerous sections met 

the minimum criteria for weak- and strong-axis capacities, as shown in Table 1. Since the 

researchers did not desire to pursue a section that is difficult to obtain, availability was also taken 

into consideration. The closed sections that met the design criteria and were readily available 

included: (1) HSS 3x2xȧ (76-mm x 51-mm x 3-mm); (2) MT 3x2x11 gauge (76-mm x 51-mm x 

3-mm); and (3) MT 4x2x14 gauge (102-mm x 51-mm x 2-mm). Other closed sections, including 

MT 3.5x1.5x0.120 gauge (89-mm x 38-mm x 3-mm), met the design criteria but were not readily 

available.  

Holes of varying sizes and patterns were used to weaken the sections in the weak axis, as 

shown in Table 2. These sections had weak- and strong-axis strengths in the desired ranges, which 

were less than or equal to the current MWP with two ¾-in. (19-mm) diameter weakening holes. 

The proposed sections weighed less per foot as compared to the current MWP. Consequently, it is 

anticipated that the proposed closed section, which are standard sections, would cost less than the 

current MWP design. The geometry of the HSS and MT sections were symmetric and conducive 

to mounting cable-to-post attachments.  

The proposed cross sections had depths and widths which approximated those of the 

existing post, as shown in Figure 3. Two gauge thicknesses, 11 gauge (3 mm) and 14 gauge (2 

mm), were selected as prototype posts to be evaluate in both the strong and weak axes.  

                 

 Figure 3. Comparison of (a) MWP, (b) HSS 3x2xȧ, and (c) MT 4x2x14 Gauge 

(a) MWP 

(b) HSS 3x2xȧ (c) MT 4x2x14 Gauge 
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Table 1. Closed Sections Meeting Design Criteria  

*Weight is the weight of the standard closed section without weakening holes.

Post Section 

Diameter of Weakening 

Holes at Ground Line 

in. (mm) 

Minimum Area 

With Holes  

in2 (mm2) 

Thickness 

 in. (mm) 

Weight*   

lb/ft (kg/m) 

Weak-Axis 

Section Modulus Sx 

in.4 (mm4) 

Strong-Axis  

Section Modulus Sy  

in.4 (mm4) 

S3x5.7 No Holes 1.6695 (1077) Varies 5.7000 (8.5) 1.6700 (6.9x105) 0.3830 (1.6x105) 

MWP No Holes 1.2632 (815) 0.1793 (5) 4.2747 (6.4) 0.9583 (3.9x105) 0.4486 (1.9x105) 

MWP   Two Ø¾ (19)  0.9943 (641) 0.1793 (5) 4.2747 (6.4) 0.8467 (3.5x105) 0.2997 (1.2x105) 

MWP  Six Ȩ (10) 0.8319 (537) 0.1793 (5) 4.2747 (6.4) 0.7287 (3.0x105) 0.2293 (0.9x105) 

MWP  
Two Ȩ (10) and 1ȧ in. 

(29) Slot 
0.7543 (467) 0.1793 (5) 4.2747 (6.4) 0.7092 (2.9x105) 0.1430 (0.6x105) 

HSS 3x2xȧ  One Ø2 (50) 0.6086 (393) 0.1250 (3) 3.9000 (5.8) 0.7646 (3.2x105) 0.2802 (1.1x105) 

HSS 3x2xȧ  Two Ø1 (25)  0.6086 (393) 0.1250 (3) 3.9000 (5.8) 0.7210 (3.0x105) 0.2802 (1.1x105) 

MT 3x2x0.120 One Ø2 (50)  0.6253 (403) 0.1250 (3) 3.9000 (5.8) 0.7837 (3.3x105) 0.2860 (1.2x105) 

MT 3x2x0.120 Two Ø1 (25)  0.6253 (403) 0.1250 (3) 3.9000 (5.8) 0.7624 (3.2x105) 0.2860 (1.2x105) 

MT 4x2x0.083 Three ØȪ (22)  0.5150 (332) 0.083 (2) 3.2630 (4.9) 0.8326 (3.6x105) 0.2780 (1.2x105) 

MT 3.5x1.5x0.120 One Ø1Ȫ (48)  0.6553 (423) 0.1200 (3) 3.8800 (5.77) 0.8452 (3.5x105) 0.2755 (1.1x105) 

MT 3.5x1.5x0.120 Two ØȪ (22)  0.6553 (423) 0.1200 (3) 3.8800 (5.77) 0.8293 (3.5x105) 0.2946 (1.2x105) 

MT 3.5x1.5x0.120 Three ØȪ (48)  0.6553 (423) 0.1200 (3) 3.8800 (5.77) 0.8157 (3.4x105) 0.2755 (1.1x105) 

MT 3.5x1.5x0.109 Three Ø1ȩ (41)  0.6576 (424) 0.1090 (3) 3.5400 (5.27) 0.8075 (3.4x105) 0.2936 (1.2x105) 
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Table 2. Closed Sections Selected for Dynamic Component Testing Based on Availability 

*Weight is the weight of the standard closed section without weakening holes. 

Post Section 

Diameter of 

 Weakening Holes 

at Ground Line 

in. (mm) 

Minimum Area 

With Holes 

in2 (mm2) 

Thickness 

 in. (mm) 

Weight*   

lb/ft (kg/m) 

Weak-Axis 

Section Modulus Sx 

in.4 (mm4) 

Strong-Axis  

Section Modulus Sy  

in.4 (mm4) 

HSS 3x2xȧ  One Ø2 (50) Holes 0.6086 (393) 0.1250 (3) 3.9000 (5.8) 0.7646 (3.2x105) 0.2802 (1.1x105) 

HSS 3x2xȧ  Two Ø1 (25) Holes 0.6086 (393) 0.1250 (3) 3.9000 (5.8) 0.7210 (3.0x105) 0.2802 (1.1x105) 

MT 3x2x0.120   One Ø2 (50) Holes 0.6253 (403) 0.1250 (3) 3.9000 (5.8) 0.7837 (3.3x105) 0.2860 (1.2x105) 

MT 3x2x0.120   Two Ø1 (25) Holes 0.6253 (403) 0.1250 (3) 3.9000 (5.8) 0.7624 (3.2x105) 0.2860 (1.2x105) 

MT 4x2x0.083 Three ØȪ (22) Holes 0.5150 (332) 0.083 (2) 3.2630 (4.9) 0.8326 (3.6x105) 0.2780 (1.2x105) 
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3 COMPONENT TESTING CONDITIONS  

3.1 Test Facility 

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

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

Lincoln city campus. 

3.2 Equipment and Instrumentation 

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

component tests included a bogie vehicle, accelerometers, a retroreflective speed trap, high-speed 

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

3.2.1 Bogie Vehicle 

A rigid-frame bogie was used to impact the posts. For a portion of the strong-axis and 

weak-axis tests, 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 vehicle, creating a rigid frame with an impact 

height of 27 in. (686 mm). The bogie with the round impact head is shown in Figure 4. The weight 

of the bogie with the addition of the mountable impact head and accelerometers was approximately 

1,868 lb (847 kg).  

For the remaining strong-axis and weak-axis tests as well as the 25 degree, 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 

the impacts. The bogie with the shear impact head is shown in Figure 4b. The weight of the bogie 

with the addition of the mountable impact head and accelerometers was approximately 1,774 lb 

(805 kg). 

The bogie impact head on the floor pan bogie consisted of a 2½-in. x 2½-in. x ¼-in. (64-

mm x 64-mm x 6-mm) steel 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 the impacts. The weight of the bogie with the 

addition of the simulated floor pan, the mountable impact head, and accelerometers was 

approximately 2,332 lb (1,058 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. 



April 22, 2019 

MwRSF Report No. TRP-03-380-19 

9 

M
w

R
S

F
 R

e
p
o

rt N
o
. TR

P
-0

3-3
8
0-1

9
 

 

(a) 

 

(b) 

Figure 4. Rigid-Frame Bogie: (a) Impact Height 27 in. (686 mm) and (b) Impact Height 12 in. 

(305 mm) 
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Figure 5. Rigid-Frame Bogie with Simulated Floor Pan  

3.2.2 Accelerometers 

For test nos. CTPB-1 through CTPB-4 and test nos. CTPB-11 through CTPB-19, two 

environmental shock and vibration sensor/recorder systems, the SLICE-1 and SLICE-2 units, were 

mounted in the same location and orientation near the center of gravity of the bogie vehicle to 

measure the accelerations in the longitudinal, lateral, and vertical directions, as shown in Figure 6. 

However, only the longitudinal acceleration was processed and reported. For test nos. CTPB-1 and 

CTPB-5 through CTPB-10, only SLICE-2 was utilized to measure the accelerations.  

The SLICE-1 and SLICE-2 units were modular data acquisition system manufactured by 

Diversified Technical Systems, Inc. (DTS) 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 ±500 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. 
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Figure 6. Accelerometer Systems, SLICE-1 and SLICE-2 Units Mounted on Bogie 

3.2.3 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, recording 

at 10,000 Hz, 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 only used as a backup in the event that vehicle 

speeds cannot be determined from the electronic data. 

SLICE-1 

SLICE-2 
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3.2.4 Digital Photography 

A combination of one AOS high-speed digital video camera and three GoPro digital video 

cameras 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 frame rates of 240 frames per second except for 

one GoPro which was accidently set to 30 frames per second for CTPB-11, CTPB-14, and CTPB-

15. The high-speed digital video camera and one of the GoPro video cameras 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. The third 

GoPro camera was placed near the post with a close view of the post at the ground line. A Nikon 

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

3.2.5 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 [10]. 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 

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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4 COMPONENT TESTING ROUND 1 

4.1 Scope 

A total of ten dynamic component tests were conducted on closed-section posts to evaluate 

their weak- and strong-axis bending strengths and compare their performance to the MWP with 

weakening holes used in the previously tested version of the high-tension, cable median barrier 

system. The dynamic component testing matrix is shown in  

The dynamic component tests were conducted on closed sections including HSS 3x2xȧ 

(76-mm x 51-mm x 3-mm), MT 3x2x11 gauge (76-mm x 51-mm x 3-mm), and MT 4x2x14 gauge 

(102-mm x 51-mm x 2-mm) with different patterns of weakening holes at the ground line, as shown 

in Table 3. 

The posts were 63 in. (1,600 mm) long and had a 24-in. (610-mm) embedment depth. All 

material was ASTM A500 Grade B/C, however, Grade B tubing required an actual yield strength 

of 50 ksi (345 MPa) or greater. Material specifications, mill certificates, and certificates of 

conformity for the post materials are shown in Appendix B. The posts were placed in a rigid steel 

sleeve and shimmed tight in order to evaluate the postsô mechanical response. The target impact 

speed was 20 mph (32 km/h) for all ten tests.  The impact angle was either 0 degrees (weak axis) 

or 90 degrees (strong axis) for each test, as shown in Table 3.The test setup and post details are 

shown in Figures 7 through 11.  
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Table 3. Dynamic Component Testing Matrix, Test Nos. CTPB-1 through CTPB-10  

Test No. Post Type 
Weakening Holes 

Diameter in. (mm) 

Impact 

Axis 

Foundation 

Type 

Post Length  

in. (mm) 

Impact 

Height 

in. (mm) 

Target 

Impact 

Velocity     

mph (km/h) 

CTPB-1 HSS 3x2xȧ  One Ø2 in. (51) Strong Rigid Sleeve 63 (1,600) 27 (686) 20 (32) 

CTPB-2 HSS 3x2xȧ  Two Ø1 in. (25) Strong Rigid Sleeve 63 (1,600) 27 (686) 20 (32) 

CTPB-3 HSS 3x2xȧ  One Ø2 in. (51) Weak Rigid Sleeve 63 (1,600) 27 (686) 20 (32) 

CTPB-4 HSS 3x2xȧ Two Ø1 in. (25) Weak Rigid Sleeve 63 (1,600) 27 (686) 20 (32) 

CTPB-5 MT 3x2x11 Gauge One Ø2 in. (51) Strong Rigid Sleeve 63 (1,600) 27 (686) 20 (32) 

CTPB-6 MT 3x2x11 Gauge One Ø2 in. (51) Weak Rigid Sleeve 63 (1,600) 27 (686) 20 (32) 

CTPB-7 MT 3x2x11 Gauge Two Ø1 in. (25) Strong Rigid Sleeve 63 (1,600) 27 (686) 20 (32) 

CTPB-8 MT 3x2x11 Gauge Two Ø1 in. (25) Weak Rigid Sleeve 63 (1,600) 27 (686) 20 (32) 

CTPB-9 MT 4x2x14 Gauge Three ØȪ in. (22) Strong Rigid Sleeve 63 (1,600) 27 (686) 20 (32) 

CTPB-10 MT 4x2x14 Gauge Three ØȪ in. (22) Weak Rigid Sleeve 63 (1,600) 27 (686) 20 (32) 
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Figure 7. Round 1 - Test Layout, Test Nos. CTPB-1 through CTPB-10 
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Figure 8. Round 1 - Test Matrix, Test Nos. CTPB-1 through CTPB-10 
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Figure 9. Round 1 - HSS 3x2xȧ Post Details, Test Nos. CTPB-1 through CTPB-4 
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Figure 10. Round 1 - MT 3x2x11 Gauge Post Details, Test Nos. CTPB-5 through CTPB-8 
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Figure 11. Round 1 - MT 4x2x14 Gauge Post Details, Test Nos. CTPB-9 and CTPB-10 
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Figure 12. Round 1 ïBill of Materials, Test Nos. CTPB-9 and CTPB-10
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4.2 Results 

A summary of each bogie test, test nos. CTPB-1 through CTPB-10, including sequential 

and post-test photographs, is provided in the following sections. The accelerometer data for each 

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

vs. deflection and energy vs. deflection curves. For consistency and comparison purposes, the 

SLICE-2 unit data was used for analysis. Test results for all transducers are provided in Appendix 

C.   

4.2.1 Test No. CTPB-1  

Test no. CTPB-1 was conducted on the HSS 3x2xȧ post with one 2-in. (51-mm) diameter 

weakening hole in the weak axis at the ground line, as shown in Figure 13. The post was installed 

in an 11-in. x 11-in. (279-mm x 279-mm) rigid steel sleeve and shimmed tight on the impact side 

of the post. During test no. CTPB-1, the bogie impacted the post at a speed of 19.7 mph (31.7 

km/h) and at a height of 27 in. (686 mm) with a 90-degree orientation angle, thus creating an 

impact about the postôs strong axis of bending. Upon impact, the post bent backward, yielded 

through the holes, and the backside face buckled inward at the ground line, as shown in Figure 13. 

The bogie overrode the post at a maximum deflection of 36.0 in. (914 mm).  

    
Pre-Test      Post-Test 

 

Figure 13. Pre-Test and Post-Test Photographs, Test No. CTPB-1 

Force vs. deflection and energy vs. deflection curves created from the SLICE-2 

accelerometer data are shown in Figure 14. The maximum force of 3.6 kips (16.0 kN) was observed 

at a displacement of 2.0 in. (51 mm). The post provided an average resistive force of 1.6 kips (7.1 

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 16.3 kip-in. (1.8 kJ) through 10 in. (254 mm) of 

deflection and 20.7 kip-in. (2.3 kJ) through 15 in. (381 mm) of deflection. The post absorbed a 

total of 38.0 kip-in. (4.3 kJ) energy during the impact. Time-sequential photographs are shown in 

Figure 15. 

 



 

 

 

A
p

ril 2
2, 2

0
19

 

M
w

R
S

F
 R

e
p
o

rt N
o
. TR

P
-0

3-3
8
0-1

9
 

2
2 

 

Figure 14. Force vs. Deflection and Energy vs. Deflection - SLICE-2, Test No. CTPB-1 
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 0.000 sec              0.120 sec 

              
 0.030 sec               0.150 sec 

            
 0.060 sec               0.180 sec 

            
 0.090 sec                0.210 sec 

Figure 15. Sequential Photographs, Test No. CTPB-1 
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4.2.2 Test No. CTPB-2  

Test no. CTPB-2 was conducted on the HSS 3x2xȧ post with two 1-in. (25-mm) diameter 

weakening holes in the weak axis at the ground line, as shown in Figure 16. The post was installed 

in an 11-in. x 11-in. (279-mm x 279-mm) rigid sleeve and shimmed tight on the impact side of the 

post.  During test no. CTPB-2, the bogie impacted the post at a speed of 19.6 mph (31.5 km/h) and 

at a height of 27 in. (686 mm) with a 90-degree orientation angle, thus creating an impact about 

the postôs strong axis of bending. Upon impact, the post bent backward, yielded through the holes, 

and the backside face buckled inward at the ground line, as shown in Figure 16. The bogie overrode 

the post at a maximum deflection of 30.8 in. (782 mm).  

    
Pre-Test      Post-Test 

 

Figure 16. Pre-Test and Post-Test Photographs, Test No. CTPB-2 

Force vs. deflection and energy vs. deflection curves created from the SLICE-2 

accelerometer data are shown in Figure 17. The maximum force of 3.7 kips (16.5 kN) was observed 

at a displacement of 1.6 in. (41 mm). The post provided an average resistive force of 1.7 kips (7.6 

kN) through 10 in. (254 mm) of deflection and 1.6 kips (7.1 kN) through 15 in. (381 mm) of 

deflection. The energy absorbed by the post was 17.2 kip-in. (1.9 kJ) through 10 in. (254 mm) of 

deflection and 23.8 kip-in. (2.7 kJ) through 15 in. (381 mm) of deflection. The post absorbed a 

total of 40.9 kip-in. (4.6 kJ) energy during the impact. Time-sequential photographs are shown in 

Figure 18. 
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Figure 17. Force vs. Deflection and Energy vs. Deflection - SLICE-2, Test No. CTPB-2



 April 22, 2019 

MwRSF Report No. TRP-03-380-19 

 

26 

               
 0.000 sec              0.120 sec 

              
 0.030 sec     0.150 sec 

            
 0.060 sec     0.180 sec 

            
 0.090 sec       0.210 sec 

Figure 18. Sequential Photographs, Test No. CTPB-2 
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4.2.3 Test No. CTPB-3  

Test no. CTPB-3 was conducted on the HSS 3x2xȧ post with one 2-in. (51-mm) diameter 

weakening hole in the weak axis at the ground line, as shown in Figure 19. The post was installed 

in an 11-in. x 11-in. (279-mm x 279-mm) rigid sleeve and shimmed tight on the impact side of the 

post. During test no. CTPB-3, the bogie impacted the post at a speed of 19.7 mph (31.7 km/h) and 

a height of 27 in. (686 mm) with a 0-degree orientation angle, thus creating an impact about the 

postôs weak axis of bending. Upon impact, the post bent backward and tore at the ground line on 

the impacted weak-axis side and both strong-axis sides, as shown in Figure 19. The non-impact 

side did not tear. The bogie overrode the post at a maximum deflection of 36.7 in. (932 mm).  

   
Pre-Test      Post-Test 

Figure 19. Pre-Test and Post-Test Photographs, Test No. CTPB-3 

Force vs. deflection and energy vs. deflection curves created from the SLICE-2 

accelerometer data are shown in Figure 20. The maximum force of 3.8 kips (16.9 kN) was observed 

at a displacement of 1.9 in. (48 mm). The post provided an average resistive force of 1.2 kips (5.3 

kN) through 10 in. (254 mm) of deflection and 1.0 kips (4.4 kN) through 15 in. (381 mm) of 

deflection. The energy absorbed by the post was 12.4 kip-in. (1.4 kJ) through 10 in. (254 mm) of 

deflection and 14.9 kip-in. (1.7 kJ) through 15 in. (381 mm) of deflection. The post absorbed a 

total of 15.5 kip-in. (1.8 kJ) energy during the impact. Time-sequential photographs are shown in 

Figure 21. 
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Figure 20. Force vs. Deflection and Energy vs. Deflection - SLICE-2, Test No. CTPB-3 
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Figure 21. Sequential Photographs, Test No. CTPB-3 
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4.2.4 Test No. CTPB-4  

Test no. CTPB-4 was conducted on the HSS 3x2xȧ post with two 1-in. (25-mm) diameter 

weakening holes in the weak axis at the ground line, as shown in Figure 22. The post was installed 

in an 11-in. x 11-in. (279-mm x 279-mm) rigid sleeve and shimmed tight on the impact side of the 

post.  During test no. CTPB-4, the bogie impacted the post at a speed of 20.1 mph (32.3 km/h) and 

a height of 27 in. (686 mm) with a 0-degree orientation angle, thus creating an impact about the 

postôs weak axis of bending. Upon impact, the post bent backward and tore at the ground line on 

the impacted weak-axis side and both strong-axis sides, as shown Figure 22. The non-impact side 

did not tear. The bogie overrode the post at a maximum deflection of 29.2 in. (742 mm).  

    
Pre-Test      Post-Test 

Figure 22. Pre-Test and Post-Test Photographs, Test No. CTPB-4 

Force vs. deflection and energy vs. deflection curves created from the SLICE-2 

accelerometer data are shown in Figure 23. The maximum force of 3.8 kips (16.9 kN) was observed 

at a displacement of 1.8 in. (46 mm). The post provided an average resistive force of 1.1 kips (4.9 

kN) through 10 in. (254 mm) of deflection and 0.8 kips (3.6 kN) through 15 in. (381 mm) of 

deflection. The energy absorbed by the post was 10.9 kip-in. (1.2 kJ) through 10 in. (254 mm) of 

deflection and 11.7 kip-in. (1.3 kJ) through 15 in. (381 mm) of deflection. The post absorbed a 

total of 12.1 kip-in. (1.4 kJ) energy during the impact. Time-sequential photographs are shown in 

Figure 24. 
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Figure 23. Force vs. Deflection and Energy vs. Deflection - SLICE-2, Test No. CTPB-4 
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Figure 24. Sequential Photographs, Test No. CTPB-4 
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4.2.5 Test No. CTPB-5  

Test no. CTPB-5 was conducted on the MT 3x2x11 gauge post with one 2-in. (51-mm) 

diameter weakening hole in the weak axis at the ground line, as shown in Figure 25. The post was 

installed in an 11-in. x 11-in. (279-mm x 279-mm) rigid sleeve and shimmed tight on the impact 

side of the post.  During test no. CTPB-5, the bogie impacted the post at a speed of 20.8 mph (33.5 

km/h) and at a height of 27 in. (686 mm) with a 90-degree orientation angle, thus creating an 

impact about the postôs strong axis of bending. Upon impact, the post bent backward, yielded 

through the holes, and the backside face buckled inward at the ground line, as shown in Figure 25. 

The bogie overrode the post at a maximum deflection of 36.6 in. (930 mm).  

     
Pre-Test      Post-Test 

Figure 25. Pre-Test and Post-Test Photographs, Test No. CTPB-5 

Force vs. deflection and energy vs. deflection curves created from the SLICE-2 

accelerometer data are shown in Figure 26. The maximum force of 4.3 kips (19.1 kN) was observed 

at a displacement of 2.2 in. (56 mm). The post provided an average resistive force of 1.6 kips (7.1 

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 16.1 kip-in. (1.8 kJ) through 10 in. (254 mm) of 

deflection and 21.2 kip-in. (2.4 kJ) through 15 in. (381 mm) of deflection. The post absorbed a 

total of 36.9 kip-in. (4.2 kJ) energy during the impact. Time-sequential photographs are shown in 

Figure 27. 
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Figure 26. Force vs. Deflection and Energy vs. Deflection - SLICE-2, Test No. CTPB-5 
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Figure 27. Sequential Photographs, Test No. CTPB-5 
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4.2.6 Test No. CTPB-6  

Test no. CTPB-6 was conducted on the MT 3x2x11 gauge post with one 2-in. (51-mm) 

diameter weakening hole in the weak axis at the ground line, as shown in Figure 28. The post was 

installed in an 11-in. x 11-in. (279-mm x 279-mm) rigid sleeve and shimmed tight on the impact 

side of the post. During test no. CTPB-6, the bogie impacted the post at a speed of 21.0 mph (33.8 

km/h) and at a height of 27 in. (686 mm) with a 0-degree orientation angle, thus creating an impact 

about the postôs weak axis of bending. Upon impact, the post bent backward and tore at the ground 

line on the impacted weak-axis side and both strong-axis sides, as shown in Figure 28. The non-

impact side did not tear. The bogie overrode the post at a maximum deflection of 34.7 in. (881 

mm).  

    
Pre-Test      Post-Test 

Figure 28. Pre-Test and Post-Test Photographs, Test No. CTPB-6 

Force vs. deflection and energy vs. deflection curves created from the SLICE-2 

accelerometer data are shown in Figure 29. The maximum force of 4.2 kips (18.7 kN) was observed 

at a displacement of 2.2 in. (56 mm). The post provided an average resistive force of 1.4 kips (6.2 

kN) through 10 in. (254 mm) of deflection and 1.1 kips (4.9 kN) through 15 in. (381 mm) of 

deflection. The energy absorbed by the post was 13.8 kip-in. (1.6 kJ) through 10 in. (254 mm) of 

deflection and 17.2 kip-in. (1.9 kJ) through 15 in. (381 mm) of deflection. The post absorbed a 

total of 20.2 kip-in. (2.3 kJ) energy during the impact. Time-sequential photographs are shown in 

Figure 30. 
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Figure 29. Force vs. Deflection and Energy vs. Deflection - SLICE-2, Test No. CTPB-6 
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Figure 30. Sequential Photographs, Test No. CTPB-6 




























































































































































































































































































