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1 INTRODUCTION  

1.1 Background 

Over the years, it has become desirable to place a longitudinal concrete slab or 

continuous asphalt pavement under W-beam guardrail systems in order to reduce the time and 

costs for mowing operations around guardrail posts. Unfortunately, prior research has 

demonstrated that standard strong-post W-beam guardrails may not perform in an acceptable 

manner when the guardrail posts are placed directly in an asphalt or concrete pavement that 

restricts post rotation. Rail ruptures have been attributed to a loss of energy dissipation in the 

barrier system when posts were restricted from rotating through the soil [1-2].  

Currently, guardrail posts installed within mow strips have required a blocked-out area or 

ñleave-outò that surrounds each post. Leave-outs allow posts to rotate through the soil, which 

results in acceptable safety performances for standard W-beam guardrails [3-6]. Many leave-out 

designs incorporate weak cement, grout mixes, or rubber/foam pads that restrict plant growth but 

crumble away under impact loads. After an impact event, the debris is removed, soil is retamped, 

a new post is driven into place, and a new batch of the weak cement/grout is poured into the 

leave-out. Therefore, significant effort is required to reset a post after an impact. Examples of 

typical grout-filled leave-outs before and after impact are shown in Figure 1. 

In 2010, the Midwest Guardrail System (MGS) Bridge Rail was developed utilizing 

S3x5.7 (S76x8.5) steel posts at half-post spacing, or 37½ in. (953 mm) on center, to support 

standard W-beam guardrail segments [7-8]. The posts were installed in tubular steel sockets that 

were side-mounted to a concrete bridge deck, as shown in Figure 2. Energy was dissipated 

during impact events through bending of the weak posts instead of post rotation through soil. The 

MGS bridge rail was successfully crash tested to the Teat Level 3 (TL-3) safety performance 

standards of the Manual for Assessing Safety Hardware (MASH) [9].  
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Figure 1. Pre- and Post-Test Photos of Posts in Grout-Filled Leave-Outs [3] 

   
Figure 2. MGS Bridge Rail Installation 



October 1, 2015  

MwRSF Report No. TRP-03-322-15 

3 

Since the MGS bridge rail posts were installed in rigid sleeves, it was believed that the 

MGS Bridge Rail could be adapted for use in guardrail applications where mow strips similarly 

restrict the movement of the posts below the groundline. Ideally, this application would eliminate 

the need for leave-outs around guardrail posts installed in unyielding pavements. Additionally, 

the use of sockets would minimize costs and labor time during installation and repairs to 

damaged posts. 

1.2 Objective 

The objective of this research effort was to adapt the weak-post, MGS bridge rail for use 

in mow strips and other pavements. Ideally, the steel guardrail system components would 

withstand the impact loads and dissipate enough energy to leave the mow strip undamaged. 

Thus, system repairs would require only the removal and replacement of damaged barrier 

components (posts and rail segments). The new guardrail system was to be evaluated according 

to MASH TL-3 safety performance criteria.  

1.3 Research Approach 

The project was completed via a series of tasks. First, a review of multiple Departments 

of Transportation (DOTs) standards was conducted to determine typical mow strip widths, 

thicknesses, and materials (concrete or asphalt), and to select a critical mow strip configuration 

for testing. Next, dynamic component testing was conducted to evaluate pavement damage 

resulting from impacts into posts with various socket configurations. Based on the component 

testing results, a design configuration was selected and full-scale crash tested according to 

MASH TL-3 conditions. Finally, conclusions and recommendations were formed concerning the 

final system design and installation practices.  
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2 REVIEW OF MOW STRIP STANDARDS AND PRACTICES  

Before the MGS bridge rail could be adapted for use in mow strips, it was vital to identify 

the mow strip configurations currently being installed. Of specific importance to this project 

were the thicknesses, widths, and pavement materials of typical mow strip installations, as these 

characteristics determine the strength of a mow strip. Therefore, a review was conducted on the 

mow strip standards from the various members of the Midwest States Pooled Fund Program. The 

results of this review are summarized in Table 1. 

Table 1. Typical Mow Strip Configurations of Pooled Fund Members 

State DOT 
Typical Mow Strip Configuration 

Material Thickness Width 

Wisconsin Asphalt 4 in. 4 ft 

South Dakota Asphalt >4 in. 4 ft 

Iowa Asphalt 4 in. 4 ft 

Wyoming Asphalt 4 in. 3 ft 

New Jersey Asphalt 4ï6 in. >2 ft 

Missouri Asphalt 3ï4 in. 4 ft 

Nebraska Asphalt 4 in. 4 ft 

Illinois 
Concrete 

Asphalt 

4 in. 

4 in. 

4 ft 

4 ft 

Ohio 
Concrete 

Asphalt 

4 in. 

3ï4 in. 

4 ft 

4 ft 

Kansas Concrete 4 in. 4 ft 
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From the ten State Departments of Transportation (DOTs) that participated in the review, 

nine installed asphalt mow strips, while three installed concrete mow strips (two states used 

both). Thicknesses were reported between 3 to 6 in. (76 to 152 mm), although 4 in. (102 mm) 

was the most commonly utilized thickness. Typical mow strip widths were consistently reported 

as 4 ft (1.2 m), with only two states allowing narrower mow strips.  

The results of this review indicated that a 4-in. (102-mm) thick, 4-ft (1.2-m) wide asphalt 

mow strip was the most commonly utilized configuration. Therefore, it was desired for the weak-

post guardrail system to be compatible with 4-in. (102-mm) thick, 4-ft (1.2-m) wide asphalt mow 

strips. However, through discussions with the project sponsors, other mow strip configurations 

would be acceptable if stronger mow strips were necessary to prevent damage. As such, the use 

of asphalt thicknesses up to 6 in. (152 mm) and/or the use of concrete as the pavement material 

were also options for the mow strip design. Dynamic component testing would be conducted to 

evaluate the mow strip configurations and determine the required strength to prevent pavement 

damage.  
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3 COMPONENT TESTING CONDITIONS  

3.1 Purpose 

One of the objectives for the new guardrail system was to prevent damage to the mow 

strip, thereby minimizing repair time and costs. As such, it was important to quantify the 

expected level of damage that various mow strip configurations would incur while supporting 

S3x5.7 (S76x8.5) guardrail posts. Dynamic component testing was conducted to evaluate various 

mow strips and aid in the selection of the final system design configuration. 

3.2 Scope 

Dynamic component testing was conducted with a bogie vehicle impacting an S3x5.7 

(S76x8.5) post installed within concrete and asphalt mow strips of various widths. Additionally, 

some of the tests utilized steel sockets of varying depths to support the posts. Altogether, 11 

component tests were conducted over three rounds of component testing. The tests were 

conducted on an iterative basis in order to determine the minimum size and strength of a mow 

strip to prevent damage during vehicle impacts to the weak-post guardrail system. 

3.3 Equipment and Instrumentation 

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

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

standard-speed digital video, and still cameras. 

3.3.1 Bogie Vehicle 

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 2½-in. x 2½-in. (64-mm x 64-

mm), 5/16-in. (8-mm) thick square steel tubing, with ¾-in. (19-mm) neoprene belting attached to 

the front of the head 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 12 in. (305 mm), 
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which was selected to simulate the bumper height of a small car. The bogie with the impact head 

is shown in Figure 3. The weight of the bogie with the addition of the mountable impact head 

and accelerometers was approximately 1,800 lb (820 kg).  

 

 
 

Figure 3. Rigid-Frame Bogie on Guidance Track 

The tests were conducted using a steel corrugated beam guardrail to guide the tire of the 

bogie vehicle. A pickup truck was used to push the bogie vehicle to the required impact velocity. 

After reaching the target velocity, the push vehicle braked, allowing the bogie to be free-rolling 

as it came off the track. A remote braking system was installed on the bogie, allowing it to be 

brought safely to rest after the test. 

3.3.2 Accelerometers 

During each component test, an accelerometer system was mounted on the bogie vehicle 

near its center of gravity to measure accelerations in the longitudinal, lateral, and vertical 

directions. However, only the longitudinal acceleration was processed and reported. The 

electronic accelerometer data obtained in dynamic testing was filtered using the SAE Class 60 

and the SAE Class 180 Butterworth filters conforming to SAE J211/1 specifications [10]. Four 
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different accelerometer systems were utilized throughout the component testing program. Table 

2 contains a breakdown of the accelerometers utilized during each component test.  

Table 2. Accelerometers Utilized during Each Component Test 

Round of 

Testing 
Test No. 

Accelerometers 

SLICE-1 SLICE-2 DTS EDR-3 

1 

MS-1 X   X 

MS-2 X   X 

MS-3 X   X 

MS-4 X   X 

2 

MS-5   X X 

MSSP-1  X   

MSSP-2  X   

MSSP-3  X   

MSSP-4  X   

3 
MSSP-5  X   

MSSP-6  X   

 

The first two systems, the SLICE-1 and SLICE-2 units, were modular data acquisition 

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

The acceleration sensors were mounted inside the bodies of custom-built SLICE 6DX event data 

recorders and recorded data at 10,000 Hz to the onboard microprocessor. Each 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 third 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 longitudinal, lateral, and vertical accelerations independently at a sample 

rate of 10,000 Hz. The accelerometers were configured and controlled using a system developed 
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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 communication, 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 fourth system, Model EDR-3, was a triaxial piezoresistive accelerometer system 

manufactured by Instrumented System 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.  

At the time of testing, the EDR-3 transducer was not calibrated to ISO 17025 standards, 

due to the lack of an ISO 17025 calibration laboratory with the capabilities of calibrating the 

unit. However, the EDR-3 was calibrated by IST, which provided traceable documentation for 

the calibration. MwRSF also recognizes that the EDR-3 does not satisfy the 10,000 Hz sample 

frequency recommended by MASH. Following numerous test comparisons, the EDR-3 has been 

shown to provide equivalent results to the DTS unit, which does satisfy MASH criteria and has 

ISO 17025 calibration traceability. Therefore, MwRSF has continued to use the EDR-3 as a 

backup device during physical impact testing. 

3.3.3 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 vehicle. When the emitted beam of light was reflected by the 
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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. 

3.3.4 Digital  Photography 

At a minimum, one AOS high-speed digital video camera, one GoPro digital video 

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

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

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

second. The cameras were typically placed laterally from the post, with a view perpendicular to 

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

post-test conditions for all tests. 

3.4 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 had a vertical component and 

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

accelerometer trace is typically used, since variations in the data become significant as the 

system rotates and the surrogate test vehicle overrides the system. Additionally, guidelines were 

established to define the end-of-test time using the high-speed video of the impact. 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. 
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3.5 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 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 was 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 TESTI NG ï ROUND 1 

4.1 Purpose 

The original MGS bridge rail system utilized 4-in. x 4-in. (102-mm x 102-mm) steel tube 

sockets to support the S3x5.7 (S76x8.5) posts to the bridge deck. The sockets were designed to 

be rigid and prevent movement of the posts below the groundline during impacts. However, it 

was unclear if sockets would be necessary for these posts installed in mow strips, as the 

concrete/asphalt may have enough strength to prevent movement of the posts at the groundline. 

To explore this possibility, Round 1 of component testing was conducted to evaluate the damage 

associated with both asphalt and concrete mow strips without sockets.  

4.2 Scope 

Round 1 of component testing consisted of four tests on S3x5.7 (S76x8.5) posts installed 

within various mow strips without sockets, as shown in Figures 4 through 6. Test nos. MS-1 and 

MS-3 were conducted with the posts installed with a 4-in. (102-mm) thick concrete mow strip, 

test no. MS-2 was conducted with a 4-in. (102-mm) thick asphalt mow strip, and test no. MS-4 

was conducted with a 6-in. (152-mm) thick asphalt mow strip. For Test MS-1, the post was 

installed through a 4-in. x 4-in. (102-mm x 102-mm) leave-out formed in the concrete during 

casting of the mow strip, while the post for MS-3 was installed through a 4-in. (102-mm) 

diameter hole cored in the concrete. The posts for MS-2 and MS-4 were driven through the 

asphalt and into the ground without any holes or leave-outs in the pavement. All mow strips were 

4 ft (1.2 m) wide, and the posts were installed at the center of the mow strip width.  

The unreinforced concrete mow strip was constructed from a concrete mix with a 

compressive strength of 4,000 psi (28 MPa). The asphalt mow strip was constructed from a 52-

34 grade binder typically utilized in highway shoulder construction in Nebraska. The S3x5.7 

(S76x8.5) posts were designated as A36 steel. However, the posts were fabricated from a 50 ksi 
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(345 MPa) steel that also satisfied A992 requirements. This increased strength resulted in a more 

critical evaluation of the mow strips. Material specifications, mill certifications, and certificates 

of conformity for the installation materials are shown in Appendix A. 

The bogie vehicle impacted the posts at a height of 12 in. (305 mm), a targeted impact 

speed of 20 mph (32 km/h), and an angle of 90 degrees, thus causing strong-axis bending. This 

impact condition was selected to provide a critically high load to the post and the supporting 

mow strip. The same impact conditions were used previously when evaluating the adaptation of 

the MGS bridge rail for use on culvert headwalls [11]. The complete test matrix for Round 1 of 

component testing is shown in Table 3. 

Table 3. Component Testing Matrix, Round 1 

Test 

No. 

Mow Strip 

Installation 

Hole 

Impact 

Height 

in. 

(mm) 

Impact 

Speed 

mph 

(km/h) 

Impact 

Angle 

Deg. Material 

Thickness 

in. 

(mm) 

Width 

ft 

(m) 

MS-1 Concrete 
4 

(102) 

4 

(1.2) 
4ò dia. hole 

12 

(305) 

20 

(32) 
90° 

MS-2 Asphalt 
4 

(102) 

4 

(1.2) 
NA 

12 

(305) 

20 

(32) 
90° 

MS-3 Concrete 
4 

(102) 

4 

(1.2) 

4òx4ò 

leave-out 

12 

(305) 

20 

(32) 
90° 

MS-4 Asphalt 
6 

(152) 

4 

(1.2) 
NA 

12 

(305) 

20 

(32) 
90° 
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Figure 4. Testing Mow Strip Configurations, Component Testing Round 1 
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Figure 5. Bogie Testing Matrix and Setup, Component Testing Round 1 
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Figure 6. Post Details and Bill of Materials, Component Testing Round 1 
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4.3 Results 

Through component testing, the performance of each mow strip configuration was 

evaluated in terms of both structural integrity and resistance force. Mow strips would be deemed 

adequate if no damage was sustained during the impact event, allowing quick and easy repair of 

the system. Additionally, accelerometer data for each test was processed to obtain acceleration, 

velocity, and deflection data, as well as force vs. deflection and energy vs. deflection curves. 

Although the individual transducers produced similar results, the values described herein were 

calculated from the SLICE data curves in order to provide a common basis for comparing results 

from multiple tests. Test results for all transducers are provided in Appendix B.  

4.3.1 Test No. MS-1 

Test no. MS-1 was conducted on July 17, 2013 at approximately 11:00 a.m. The weather 

conditions, per the National Oceanic and Atmosphere Administration (station 14939/LNK), were 

reported and are shown in Table 4. 

Table 4. Weather Conditions, Test No. MS-1 

Temperature 88° F 

Humidity 47% 

Wind Speed 9 mph 

Wind Direction 210° From True North 

Sky Conditions Sunny 

Visibility  10 Statute Miles 

Pavement Surface Dry 

Previous 3-Day Precipitation 0.0 in. 

Previous 7-Day Precipitation 0.0 in. 

 

During test no. MS-1, the bogie impacted the S3x5.7 (S76x8.5) steel post at a speed of 

19.7 mph (31.7 km/h) and an angle of 90 degrees, causing strong-axis bending in the post. By 

0.008 sec after impact, a plastic hinge had formed in the post at groundline. The post continued 

to bend backward until the bogie head overrode the top of the post 0.121 sec after impact.  
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Force vs. deflection and energy vs. deflection curves were created from the accelerometer 

data and are shown in Figure 7. Upon impact, the resistance force increased rapidly to a peak 

force of 14.5 kips (64.5 kN) at a displacement of 1.1 in. (28 mm). The force remained above 10 

kips (4.5 kN) for the next 5 in. (127 mm) of displacement. By 0.030 sec and a displacement of 10 

in. (254 mm), the bogie head was sliding up the post as it bent over, resulting in a reduction of 

force. Subsequently, the resistance force oscillated below 8.5 kips (37.8 kN) until the bogie head 

overrode the post at a displacement of 34.0 in. (864 mm). At this deflection, 122.5 k-in. (13.8 kJ) 

of energy was dissipated.  

Damage to the test article consisted of plastic bending of the post at the groundline and 

minimal surface spalling at the back edge of the concrete hole. The spalling was less than ¼ in. 

(6 mm) deep, and cracking was not evident. The post was removed without causing further 

damage. Thus, a new post could be installed without repairs to the concrete. Time-sequential 

photographs and pre- and post-impact photographs are shown in Figures 8 and 9, respectively. 

 
Figure 7. Force vs. Deflection and Energy vs. Deflection, Test No. MS-1 
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Figure 8. Time-Sequential Photographs, Test No. MS-1 
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Figure 9. Pre- and Post-Impact Photographs, Test No. MS-1 
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4.3.2 Test No. MS-2 

Test no. MS-2 was conducted on July 17, 2013 at approximately 12:00 p.m. The weather 

conditions, per the National Oceanic and Atmosphere Administration (station 14939/LNK), were 

reported and are shown in Table 5. 

Table 5. Weather Conditions, Test No. MS-2 

Temperature 90° F 

Humidity 42% 

Wind Speed 9 mph 

Wind Direction 210° From True North 

Sky Conditions Sunny 

Visibility  10 Statute Miles 

Pavement Surface Dry 

Previous 3-Day Precipitation 0.0 in. 

Previous 7-Day Precipitation 0.0 in. 

 

 

During test no. MS-2, the bogie impacted the S3x5.7 (S76x8.5) steel post at a speed of 

19.4 mph (31.2 km/h) and an angle of 90 degrees, causing strong-axis bending in the post. By 

0.006 sec after impact, a plastic hinge had formed in the post at the groundline. The post 

continued to bend backward until the bogie head overrode the top of the post 0.128 sec after 

impact.  

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

data and are shown in Figure 10. Upon impact, the resistance force increased rapidly to a peak 

force of 12.1 kips (53.8 kN) at a displacement of 1.8 in. (46 mm). The force remained above 10 

kips (4.5 kN) through a displacement of 9.8 in. (249 mm). At 0.032 sec and a displacement of 10 

in. (254 mm), the bogie head was sliding up the post as it bent over, resulting in a reduction of 

force. Subsequently, the resistance force oscillated below 5 kips (22.2 kN) until the bogie head 



 

 

October 1, 2015  

MwRSF Report No. TRP-03-322-15 

22 

overrode the post at a displacement of 34.0 in. (864 mm). At this deflection, 134.2 k-in. (15.2 kJ) 

of energy was dissipated.  

Damage to the test article consisted of plastic bending of the post at the groundline and 

displacement and spalling of the asphalt. The post displaced backward approximately 2.5 in. (64 

mm) into the asphalt mow strip, which caused displacement and spalling of the asphalt. Removal 

of the post caused further spalling and cracking to the asphalt. Time-sequential photographs and 

pre- and post-impact photographs are shown in Figures 11 and 12, respectively. 

 

 
Figure 10. Force vs. Deflection and Energy vs. Deflection, Test No. MS-2 
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Figure 11. Time-Sequential Photographs, Test No. MS-2
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Figure 12. Pre- and Post-Impact Photographs, Test No. MS-2 
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4.3.3 Test No. MS-3 

Test no. MS-3 was conducted on July 31, 2013 at approximately 1:00 p.m. The weather 

conditions, per the National Oceanic and Atmosphere Administration (station 14939/LNK), were 

reported and are shown in Table 6. 

Table 6. Weather Conditions, Test No. MS-3 

Temperature 85° F 

Humidity 51% 

Wind Speed 7 mph 

Wind Direction 030° From True North 

Sky Conditions Cloudy 

Visibility  10 Statute Miles 

Pavement Surface Dry 

Previous 3-Day Precipitation 0.72 in. 

Previous 7-Day Precipitation 0.72 in. 

 

 

During test no. MS-3, the bogie impacted the S3x5.7 (S76x8.5) steel post at a speed of 

20.8 mph (33.5 km/h) and an angle of 90 degrees, causing strong-axis bending in the post. By 

0.006 sec after impact, a plastic hinge had formed in the post at the groundline. The post 

continued to bend backward until the bogie head overrode the top of the post 0.109 sec after 

impact.  

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

data and are shown in Figure 13. Upon impact, the resistance force increased rapidly to peaks of 

13.9 kips (61.8 kN) and 14.7 kips (65.4 kN) at displacements of 1.2 in. (30 mm) and 6.9 in. (175 

mm), respectively. At 0.030 sec and a displacement of 10 in. (254 mm), the bogie head was 

sliding up the post as it bent over, resulting in a reduction of force. Subsequently, the resistance 

force oscillated below 6 kips (26.7 kN) until the bogie head overrode the post at a displacement 

of 32.3 in. (820 mm). At this deflection, 132.8 k-in. (15.0 kJ) of energy was dissipated.  
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Damage to the test article consisted of plastic bending of the post at the groundline and 

some surface spalling at the back edge of the concrete hole. However, the spalling was less than 

¼ in. (6 mm) deep, and cracking was not evident. The post was removed without causing further 

damage, so a new post could be installed without repairs to the concrete. Time-sequential 

photographs and pre- and post-impact photographs are shown in Figures 14 and 15, respectively. 

 

 
Figure 13. Force vs. Deflection and Energy vs. Deflection, Test No. MS-3 
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Figure 14. Time-Sequential Photographs, Test No. MS-3



 

 

O
c
to

b
e
r 1, 2

0
1
5  

M
w

R
S

F
 R

e
p
o

rt N
o
. TR

P
-0

3-3
2
2-1

5 

2
8 

 
 

 

 
 

 
 

Figure 15. Pre- and Post-Impact Photographs, Test No. MS-3 
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4.3.4 Test No. MS-4 

Test no. MS-4 was conducted on July 31, 2013 at approximately 2:00 p.m. The weather 

conditions, per the National Oceanic and Atmosphere Administration (station 14939/LNK), were 

reported and are shown in Table 7. 

Table 7. Weather Conditions, Test No. MS-4 

Temperature 85° F 

Humidity 49% 

Wind Speed 5 mph 

Wind Direction 280° From True North 

Sky Conditions Cloudy 

Visibility  10 Statute Miles 

Pavement Surface Dry 

Previous 3-Day Precipitation 0.72 in. 

Previous 7-Day Precipitation 0.72 in. 

 

 

During test no. MS-4, the bogie impacted the S3x5.7 (S76x8.5) steel post at a speed of 

23.8 mph (38.3 km/h) and an angle of 90 degrees, causing strong-axis bending in the post. By 

0.008 sec after impact, a plastic hinge had formed in the post at the groundline. The post 

continued to bend backward until the bogie head overrode the top of the post 0.088 sec after 

impact.  

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

data and are shown in Figure 16. Upon impact, the resistance force increased rapidly to 13.9 kips 

(61.8 kN) at a displacement of 1.8 in. (46 mm). The force remained above 8 kips (35kN) until 

reaching a peak force of 14.2 kips (63.2 kN) at a displacement of 11.5 in. (292 mm). At 0.028 

sec and a displacement of 12 in. (305 mm), the bogie head was sliding up the post as it bent over, 

resulting in a reduction of force. Subsequently, the resistance force oscillated below 5 kips (22.2 
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kN) until the bogie head overrode the post at a displacement of 31.4 in. (798 mm). At this 

deflection, 155.2 k-in. (17.5 kJ) of energy was dissipated.  

Damage to the test article consisted of plastic bending of the post at the groundline and 

displacement and spalling of the asphalt. The post translated backward approximately 2 in. (51 

mm) into the asphalt mow strip, which caused displacement and spalling of the asphalt. Removal 

of the post caused further spalling and cracking in the asphalt. Time-sequential photographs and 

pre- and post-impact photographs are shown in Figures 17 and 18, respectively. 

 

 
Figure 16. Force vs. Deflection and Energy vs. Deflection, Test No. MS-4 
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Figure 17. Time-Sequential Photographs, Test No. MS-4 
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Figure 18. Pre- and Post-Impact Photographs, Test No. MS-4 
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4.4 Discussion 

The results from Round 1 of dynamic component testing are summarized in Table 8, and 

force vs. displacement and energy vs. displacement comparisons for all four tests are shown in 

Figures 19 and 20, respectively. The results from these four tests were similar in terms of 

resistance forces, absorbed energy, and post behavior, as a plastic hinge formed in the post at the 

groundline during each test. However, the damage sustained by the mow strips was dependent 

upon the mow strip material. The concrete mow strips remained intact and sustained only minor 

spalling along the back edges of the post holes. Both post hole types, the 4-in. x 4-in. (102-mm x 

102-mm) leave-out and the 4-in. (102-mm) diameter cored hole, performed similarly, and repairs 

to the concrete mow strip would not be necessary during replacement of damaged system posts.  

Damage to the asphalt mow strips was more prominent than the concrete mow strips, as 

the posts translated backward at least 2 in. (51 mm) through both the 4-in. and 6-in. (102-mm 

and 152-mm) thick asphalt mow strips. This displacement caused spalling and cracking that 

would likely require repairs after impact events. Further asphalt damage occurred when the 

damaged posts were removed. Therefore, asphalt mow strips were susceptible to permanent 

damage when guardrail posts were driven directly into the pavement.  

The resistance forces recorded during all four of these tests were very similar, with peak 

forces between 12 and 15 kips (53 and 67 kN). Additionally, significant drops in force between 9 

and 12 in. (229 and 305 mm) of displacement correlated to the times when the bogie head began 

to slide up the posts as they bent over. As a result, the energy absorbed during the tests was very 

similar, especially over the first 10 to 15 in. (254 to 381 mm) of deflection. Only small 

differences in forces could be seen between the concrete and asphalt mow strips. The concrete 

mow strips tended to be slightly stiffer, as they created higher initial peaks through the first 7 in. 

(178 mm) of displacement. This behavior may be a result of the posts translating through the 
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asphalt mow strips during the first parts of test nos. MS-2 and MS-4, while the concrete 

prevented post translation at the groundline in test nos. MS-1 and MS-3. 

From these results, a 4-in. (102-mm) thick unreinforced concrete mow strip was shown to 

be strong enough to support the guardrail posts without sustaining significant damage during 

impacts. Unfortunately, asphalt mow strips up to 6 in. (152 mm) thick proved too weak to 

prevent damage and would require repairs. The addition of some type of load-distribution 

mechanism may be necessary to prevent damage from occurring to asphalt mow strips. This idea 

was explored in Round 2 of bogie testing. 
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Table 8. Results Summary, Component Testing ï Round 1 

Test 

No. 

Mow Strip 
Impact 

Angle 

deg. 

Impact 

Velocity 

mph 

(km/h) 

Peak 

Force 

kips 

(kN) 

Average Force 

kips (kN) 
Total 

Energy 

Absorbed 

k-in. 

(kJ) 

Mow Strip Damage 

Material 

Thickness 

in. 

(mm) 

@ 10ò @15ò 

MS-1 
Concrete 

4ò Dia. Hole 

4 

(102) 
90 

19.8 

(31.9) 

14.5 

(64.5) 

9.3 

(41.4) 

6.8 

(30.2) 

122.5 

(13.8) 
Minor spalling 

MS-2 Asphalt 
4 

(102) 
90 

19.4 

(31.2) 

12.1 

(53.8) 

9.5 

(42.3) 

7.7 

(34.3) 

134.2 

(15.2) 

Displacement, 

spalling, and 

cracking 

MS-3 
Concrete 

4òx4ò hole 

4 

(102) 
90 

20.8 

(33.5) 

14.7 

(65.4) 

10.0 

(44.5) 

7.2 

(32.0) 

132.8 

(15.0) 
Minor spalling 

MS-4 Asphalt 
6 

(152) 
90 

23.8 

(38.3) 

14.2 

(63.2) 

9.7 

(43.1) 

8.4 

(37.4) 

155.2 

(17.5) 

Displacement, 

spalling, and 

cracking 

*All tests conducted by impacting S3x5.7 (S76x8.5) posts at a height of 12 in. (305 mm). 
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Figure 19. Force vs. Deflection Comparison, Component Testing - Round 1 

 
Figure 20. Energy vs. Deflection Comparison, Component Testing - Round 1 
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5 COMPONENT TESTING ï ROUND 2, SOCKETED POSTS 

5.1 Purpose  

From the first round of dynamic component testing, it was determined that asphalt 

pavements were not strong enough to support driven S3x5.7 (S76x8.5) guardrail posts without 

sustaining damage during impact events. The impact load needed to be distributed over a larger 

area of the asphalt to prevent the post from translating and rotating through the asphalt. 

Therefore, Round 2 of dynamic component testing was conducted to evaluate the use of steel 

sockets or sleeves with and without shear plates within asphalt mow strips to prevent pavement 

damage. 

5.2 Scope 

Round 2 of component testing consisted of five tests conducted on S3x5.7 (S76x85) posts 

installed within 4-in. (102-mm) thick asphalt mow strips, as shown in Figures 21 through 24. In 

all five tests, steel sockets measuring 4 in. x 4 in. x ¼ in. (102 mm x 102 mm x 6 mm) were 

utilized to house the guardrail posts and distribute the load. In test nos. MSSP-1 through MSSP-

4, a steel shear plate was welded to the backside of the socket to further distribute the impact 

load. The test article in test no. MS-5 did not utilize a shear plate on the socket. The length, or 

embedment depth, of the socket varied throughout the testing matrix to evaluate the minimum 

depth required to prevent damage. All tests were conducted with an impact height of 12 in. (305 

mm) and a targeted impact speed of 20 mph (32 km/h). Four of the tests were conducted with 

impact angles of 90 degrees causing strong-axis bending, while test no. MSSP-2 was conducted 

at a 0 degree impact angle to evaluate longitudinal impacts (weak-axis bending) to the post and 

socket assembly. The complete test matrix for Round 2 component testing is shown in Table 9. 

The same 4-in. (102-mm) asphalt pad from the first round of component testing was 

utilized during Round 2 of component testing. The S3x5.7 (S76x8.5) posts were designated as 
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A36 steel. However, the posts were fabricated from 50-ksi (345-MPa) steel that also satisfied 

A992 requirements. This increased strength resulted in a more critical evaluation of the mow 

strips. The sockets were fabricated from A500 Grade B steel, and the plates were cut from A572 

Grade 50 steel. Material specifications, mill certifications, and certificates of conformity for the 

installation materials are shown in Appendix A. 

All of the sockets were installed by driving them into the asphalt mow strip. Initially, the 

sockets were just capped with a flat plate at the bottom. However, when this configuration was 

driven into the mow strip, it punched a hole larger than the socket into the asphalt. Subsequently, 

two steel plates were welded to the base of the socket to form a triangular wedge. Through an 

experimentation process, the wedge plates shown in Figure 23 were developed to prevent 

damage to the asphalt and provide a tight fit around the socket. This design allowed the socket to 

be driven into place with minimal damage to the asphalt and provided a tight fit between the 

asphalt and the socket. The asphalt damage corresponding to both a wedge-shaped base and a flat 

base are illustrated in Figure 25. 

Table 9. Component Testing Matrix, Round 2 

Test No. 

Mow Strip Socket 

Depth 

in. 

(mm) 

Post 

Length 

in.  

(mm) 

Shear  

Plate 

Impact 

Speed 

mph 

(km/h) 

Impact 

Angle 

deg. Material 

Thickness 

in. 

(mm) 

Width 

ft 

(m) 

MS-5 Asphalt 
4 

(102) 

4 

(1.2) 

30 

(762) 

62 

(1,575) 
No 

20 

(32) 
90° 

MSSP-1 Asphalt 
4 

(102) 

4 

(1.2) 

30 

(762) 

62 

(1,575) 
Yes 

20 

(32) 
90° 

MSSP-2 Asphalt 
4 

(102) 

4 

(1.2) 

30 

(762) 

62 

(1,575) 
Yes 

20 

(32) 
0° 

MSSP-3 Asphalt 
4 

(102) 

4 

(1.2) 

20 

(508) 

52 

(1,321) 
Yes 

20 

(32) 
90° 

MSSP-4 Asphalt 
4 

(102) 

4 

(1.2) 

24 

(610) 

56 

(1,422) 
Yes 

20 

(32) 
90° 
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Figure 21. Mow Strip Configuration, Component Testing Round 2 
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Figure 22. Bogie Testing Matrix and Setup, Component Testing Round 2 
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Figure 23. Post Socket Details, Component Testing Round 2 








































































































































































































































































































































































































