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1 INTRODUCTION  

1.1 Background and Problem Statement 

The Minnesota Department of Transportationôs (MnDOTôs) glue-laminated timber 

rubrail was developed for situations where a noise wall will be located within the clear zone and 

when other types of protection are not considered desirable [1]. An example of an installed 

configuration is shown in Figure 1, and the standard plans are shown in Appendix A. 

 

Figure 1. MnDOT Noise Wall and Rubrail Installation 

The crashworthiness of this combination noise wall and barrier system was previously 

evaluated according to the National Cooperative Highway Research Program (NCHRP) Report 

No. 350, Recommended Procedures for the Safety Performance Evaluation of Highway Features 

[2]. The test installation consisted of 81 ft (24.7 m) of glulam timber rail sections that were 

supported by eleven reinforced concrete posts [1]. The noise wall wood planks were not 

installed. Test no. MNTR-1 was conducted using a 4,386-lb (1,989-kg) pickup truck impacting at 

a speed of 61.8 mph (99.5 km/h) and at an angle of 25.3 degrees. The glulam rail and noise wall 

barrier system successfully contained and redirected the pickup truck according to the Test Level 

3 (TL-3) criteria published in NCHRP Report No. 350. However, the noise wall and rubrail 

system had not been evaluated with the latest crash testing standard, the American Association of 

State Highway and Transportation Officials (AASHTO) Manual for Assessing Safety Hardware 

(MASH 2016) [3]. Therefore, a need existed to evaluate the rubrail design according the TL-3 

requirements found in MASH 2016. 
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1.2 Objective 

The objective of the research project was to modify an existing design and evaluate the 

safety performance of the MnDOT noise wall system with glulam timber rubrail. The system 

was to be evaluated according to the TL-3 safety performance criteria set forth in MASH 2016. 

In addition, the glulam rubrail was to be analyzed and modified, if necessary. Two 

configurations were to be evaluated ï one with the wood noise wall planks installed on the back 

side of the concrete posts and another with planks installed on the front side of the concrete 

posts. The successful crash testing of the noise wall system will allow for its continued use on 

Minnesota highways and roadways, thus ensuring the safety of the motoring public with the 

current vehicle fleet. 

1.3 Scope 

The research objective was achieved through the completion of several tasks. First, an 

analysis phase was conducted in order to evaluate the capacity of the existing timber rubrail, and 

the timber rail was redesigned. After the final design was completed, the system was fabricated 

and constructed at the Midwest Roadside Safety Facility (MwRSF) Outdoor Test Site. Three full 

scale vehicle crash tests were performed with a 5,000-lb (2,270-kg) pickup truck using back-side 

sound panels, a 2,420-lb (1,100-kg) small passenger car using back-side sound panels, and a 

5,000-lb (2,270 kg) pickup truck using front-side sound panels. Each of the tests utilized a target 

impact speed of 62 mph (100.0 km/h) and a target impact angle of 25 degrees for MASH 2016 

TL-3 impact conditions. Finally, the test results were analyzed, evaluated, and documented. 

Conclusions and recommendations were then made pertaining to the safety performance of the 

noise wall and glulam timber rubrail system. 



January 31, 2019  

MwRSF Report No. TRP-03-396-19 

3 

2 BARRIER DESIGN  

Minnesotaôs existing standard plans for the noise wall and rubrail system are shown in 

Appendix A. The rubrail is currently specified as a glue-laminated wood rubrail fabricated with 

Combination No. 48 Southern Pine or Combination No. 2 Western Species material, measuring 

8¾ in. (222 mm) deep by 13½ in. (343 mm) tall. The rubrail configuration was successfully 

tested under NCHRP Report No. 350 test designation no. 3-11 impact conditions, and the rail 

sustained no major damage [1]. However, the nominal impact severity of test designation no. 3-

11 has increased 13.3 percent, from 101.5 kip-ft (137.6 kJ) under NCHRP Report No. 350 to 

115.1 kip-ft (156.1 kJ) under MASH 2016. This increase is due to an increase in vehicle mass in 

the modern vehicle fleet. The lateral design force for a NCHRP Report No. 350 TL-3 bridge rail, 

which is commonly used for roadside barriers as well, has historically been 54.0 kips (240 kN) 

applied over a 4-ft (1.2-m) length [4]. Recently, the final report on NCHRP Project 22-20 [5] 

recommended a 70-kip (311-kN) load applied over a 4-ft (1.2 m) length for barrier design under 

MASH 2016 TL-3 [5]. With the increased impact severity and lateral force, the existing rubrail 

may not have a sufficient capacity under MASH test designation no. 3-11 impact conditions. 

Thus, the capacity of the rail was evaluated.  

The American Wood Councilôs National Design Specification (NDS) for Wood 

Construction was utilized to evaluate the capacity of the glue-laminated rubrail [6]. The 

allowable bending stress to use for design was 4.49 ksi (31.0 MPa) and 4.04 ksi (27.9 MPa) for 

Combination No. 48 Southern Pine and Combination No. 2 Western Species, respectively. 

Utilizing the 70-kip (311-kN) load distributed over 4 ft (1.2 m) and assuming a simply-supported 

connection at the posts spaced 8 ft (2.4 m) apart, the calculated bending stress was 7.31 ksi (50.4 

MPa), which is much greater than the allowable bending stress. Utilizing the 54-kip (240-kN) 

load distributed over 4 ft (1.2 m) and assuming a simply-supported connection at the posts 

spaced 8 ft (2.4 m) apart, the calculated bending stress was 5.64 ksi (38.9 MPa), which was 25.6 

percent greater than the allowable bending stress for Combination No. 48 Southern Pine and 39.6 

percent greater than the allowable bending stress for Combination No. 2 Western Species. Since 

the rubrail in the original crash test did not fail due to excessive bending stress, the calculations 

were believed to be conservative.  

The researchers believed that the same ratios of actual/allowable bending stress with the 

54-kip (240-kN) load (1.256 for Combination No. 48 Southern Pine and 1.396 for Combination 

No. 2 Western Species) could be utilized for the rail design with the 70-kip (311.4-kN) load 

without excessive bending stress occurring in the MASH 2016 test designation no. 3-11 crash 

test. A 10-in. (254-mm) deep by 13½-in. (343-mm) tall rubrail was calculated to produce similar 

actual/allowable bending stress ratios and was anticipated to perform acceptably. However, a 10-

in. (254-mm) deep beam is considered to be non-standard size. Therefore, a 10¾-in. (273-mm) 

deep by 13½-in. (343-mm) tall rubrail, which is a standard glue-laminated size, was calculated to 

produce an actual/allowable bending stress ratio of 1.112 and 1.234 percent for the Combination 

No. 48 Southern Pine and Combination No. 2 Western Species, respectively. Since these ratios 

are less than the ratios of the prior crash-tested rubrail, the research team believed that they 

would perform acceptably, and that the rubrail section would not fail due to excessive bending 

stress. Therefore, a 10¾-in. (273-mm) deep by 13½-in. (343-mm) tall glue-laminated wood 

rubrail fabricated with Combination No. 48 Southern Pine or Combination No. 2 Western 

Species material was recommended for the crash testing program.  
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3 TEST REQUIREMENTS AND EVALUATION CRITERIA  

3.1 Test Requirements 

Longitudinal barriers, such as the noise wall and timber rubrail system, must satisfy 

impact safety standards in order to be declared eligible for federal reimbursement by the Federal 

Highway Administration (FHWA) for use on the National Highway System (NHS). For new 

hardware, these safety standards consist of the guidelines and procedures published in MASH 

2016 [3]. According to TL-3 of MASH 2016, longitudinal barrier systems must be subjected to 

two full -scale vehicle crash tests, as summarized in Table 1. 

Note that there is no difference between MASH 2009 and MASH 2016 for longitudinal 

barriers, such as the system tested in this project, except additional occupant compartment 

deformation measurements and documentation are required by MASH 2016. For the evaluation 

of the back-side noise wall configuration, both test designation nos. 3-10 and 3-11 were 

conducted. For the evaluation of the front-side noise wall configuration, only test designation no. 

3-11 was conducted. Test designation no. 3-10 with the front-side noise wall configuration was 

deemed to be non-critical if test designation no. 3-11 with the front-side configuration and both 

back-side configuration tests were successful. The system was expected to have a similar 

stiffness with the front-side and back-side configurations and the car could potentially extend 

farther under or over top of the rail with the back-side configuration. Thus, the back-side wall 

configuration was used for test designation no. 3-10.   

Table 1. MASH 2016 TL-3 Crash Test Conditions for Longitudinal Barriers 

Test 

Article 

Test 

Designation 

No. 

Test 

Vehicle 

Vehicle 

Weight 

lb 

(kg) 

Impact Conditions 

Evaluation 

Criteria 1 
Speed 

mph 

(km/h) 

Angle 

deg. 

Longitudinal 

Barrier 

3-10 1100C 
2,420 

(1,100) 

62 

(100.0) 
25 A,D,F,H,I 

3-11 2270P 
5,000 

(2,270) 

62 

(100.0) 
25 A,D,F,H,I 

1 Evaluation criteria explained in Table 2 

3.2 Evaluation Criteria  

Evaluation criteria for full-scale vehicle crash testing are based on three appraisal areas: 

(1) structural adequacy; (2) occupant risk; and (3) vehicle trajectory after collision. Criteria for 

structural adequacy are intended to evaluate the ability of the noise wall system to contain and 

redirect impacting vehicles. In addition, controlled lateral deflection of the test article is 

acceptable. Occupant risk evaluates the degree of hazard to occupants in the impacting vehicle. 

Post-impact vehicle trajectory is a measure of the potential of the vehicle to result in a secondary 

collision with other vehicles and/or fixed objects, thereby increasing the risk of injury to the 

occupants of the impacting vehicle and/or other vehicles. These evaluation criteria are 
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summarized in Table 2 and defined in greater detail in MASH 2016. The full-scale vehicle crash 

tests were conducted and reported in accordance with the procedures provided in MASH 2016. 

In addition to the standard occupant risk measures, the Post-Impact Head Deceleration 

(PHD), the Theoretical Head Impact Velocity (THIV), and the Acceleration Severity Index (ASI) 

were determined and reported. Additional discussion on PHD, THIV and ASI is provided in 

MASH 2016. 

3.3 Soil Strength Requirements 

In accordance with Chapter 3 and Appendix B of MASH 2016, foundation soil strength 

must be verified before any full-scale crash testing can occur for any soil-dependent system. Due 

to the large post section, heavy mass, and significant post embedment depth, the system should 

have adequate strength in varying soil types and was not considered to have soil dependence 

under TL-3 impact loading. However, the soil strength was still evaluated prior to the first full-

scale crash test, but it was not re-evaluated before subsequent tests. A W6x16 (W152x23.8) post 

was installed near the impact region utilizing a similar installation procedure as the system itself. 

Prior to full-scale crash testing, a dynamic impact test must be conducted to verify a minimum 

dynamic soil resistance of 7.5 kips (33.4 kN) at post deflections between 5 and 20 in. (127 and 

508 mm), as measured at a height of 25 in. (635 mm) above the ground line. If dynamic testing 

near the system is not desired, MASH 2016 permits a static test to be conducted instead and 

compared against the results of a previously established baseline test. In this situation, the soil 

must provide a resistance of at least 90% of the static baseline test at deflections of 5, 10, and 15 

in. (127, 254, and 381 mm). Further details can be found in Appendix B of MASH 2016. 
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Table 2. MASH 2016 Evaluation Criteria for Longitudinal Barrier 

Structural 

Adequacy 

A. Test article should contain and redirect the vehicle or bring the 

vehicle to a controlled stop; the vehicle should not penetrate, 

underride, or override the installation although controlled lateral 

deflection of the test article is acceptable. 

Occupant 

Risk 

D. Detached elements, fragments or other debris from the test article 

should not penetrate or show potential for penetrating the occupant 

compartment, or present an undue hazard to other traffic, 

pedestrians, or personnel in a work zone. Deformations of, or 

intrusions into, the occupant compartment should not exceed limits 

set forth in Section 5.2.2 and Appendix E of MASH 2016. 

F. The vehicle should remain upright during and after collision. The 

maximum roll and pitch angles are not to exceed 75 degrees. 

H. Occupant Impact Velocity (OIV) (see Appendix A, Section A5.2.2 

of MASH 2016 for calculation procedure) should satisfy the 

following limits: 

 Occupant Impact Velocity Limits 

Component Preferred Maximum 

Longitudinal and Lateral 
30 ft/s 

(9.1 m/s) 

40 ft/s 

(12.2 m/s) 

I. The Occupant Ridedown Acceleration (ORA) (see Appendix A, 

Section A5.2.2 of MASH 2016 for calculation procedure) should 

satisfy the following limits: 

 Occupant Ridedown Acceleration Limits  

Component Preferred Maximum 

Longitudinal and Lateral 15.0 gôs 20.49 gôs 
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4 TEST CONDITIONS 

4.1 Test Facility 

The Outdoor Test Site 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. 

4.2 Vehicle Tow and Guidance System 

A reverse-cable, tow system with a 1:2 mechanical advantage was used to propel the test 

vehicle. The distance traveled and the speed of the tow vehicle were one-half that of the test 

vehicle. The test vehicle was released from the tow cable before impact with the barrier system. 

A digital speedometer on the tow vehicle increased the accuracy of the test vehicle impact speed. 

A vehicle guidance system developed by Hinch [7] was used to steer the test vehicle. A 

guide flag, attached to the left-front wheel and the guide cable, was sheared off before impact 

with the barrier system. The Ȩ-in. (9.5-mm) diameter guide cable was tensioned to 

approximately 3,500 lb (15.6 kN) and supported both laterally and vertically every 100 ft (30.5 

m) by hinged stanchions. The hinged stanchions stood upright while holding up the guide cable, 

but as the vehicle was towed down the line, the guide flag struck and knocked each stanchion to 

the ground. 

4.3 Test Vehicles 

For test no. MNNW-1, a 2010 Dodge Ram 1500 Crew Cab pickup truck was used as the 

test vehicle. The curb, test inertial, and gross static vehicle weights were 5,264 lb (2,388 kg), 

5,056 lb (2,293 kg), and 5,214 lb (2,365 kg), respectively. The test vehicle is shown in Figures 2 

and 3, and vehicle dimensions are shown in Figure 4. 

For test no. MNNW-2, a 2010 Hyundai Accent was used as the test vehicle. The curb, 

test inertial, and gross static vehicle weights were 2,476 lb (1,123 kg), 2,431 lb (1,103 kg), and 

2,595 lb (1,177 kg), respectively. The test vehicle is shown in Figures 5 and 6, and vehicle 

dimensions are shown in Figure 7. 

For test no. MNNW-3, a 2011 Dodge Ram 1500 Crew Cab pickup truck was used as the 

test vehicle. The curb, test inertial, and gross static vehicle weights were 5,265 lb (2,388 kg), 

5,028 lb (2,281 kg), and 5,188 lb (2,353 kg), respectively. The test vehicle is shown in Figures 8 

and 9, and vehicle dimensions are shown in Figure 10. 

The longitudinal component of the center of gravity (c.g.) was determined using the 

measured axle weights. The Suspension Method [8] was used to determine the vertical 

component of the c.g. for the pickup trucks. This method is based on the principle that the c.g. of 

any freely suspended body is in the vertical plane through the point of suspension. The vehicle 

was suspended successively in three positions, and the respective planes containing the c.g. were 

established. The intersection of these planes pinpointed the final c.g. location for the test inertial 

condition. The vertical component of the c.g. for the 1100C vehicle was determined utilizing a 

procedure published by SAE [9]. The location of the final c.g. is shown in Figures 4 and 11 for 
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test no. MNNW-1, Figures 7 and 12 for test no. MNNW-2, and Figures 10 and 13 for test no. 

MNNW-3. Data used to calculate the location of the c.g. and ballast information are shown in 

Appendix B. 

Square, black- and white-checkered targets were placed on the vehicles for reference to 

be viewed from the high-speed digital video cameras and aid in the video analysis, as shown in 

11 through 13. Round, checkered targets were placed at the c.g. on the left-side door, the right-

side door, and the roof of the vehicles. 

The front wheels of the test vehicles were aligned to vehicle standards except the toe-in 

value was adjusted to zero such that the vehicles would track properly along the guide cable. A 

5B flash bulb was mounted on each vehicleôs right-side windshield wiper and was fired by a 

pressure tape switch mounted at the impact corner of the front bumper. The flash bulb was fired 

upon initial impact with the test article to create a visual indicator of the precise time of impact 

on the high-speed digital videos. A remote-controlled brake system was installed in the test 

vehicles so the vehicles could be brought safely to a stop after each test. 

4.4 Simulated Occupants 

For test nos. MNNW-1, MNNW-2, and MNNW-3, a Hybrid II 50th-Percentile, Adult 

Male Dummy, equipped with clothing and footwear, was placed in the right-front seat of each 

test vehicle with the seat belt fastened. The three dummies, which had final weights of 161 lb (73 

kg), 161 lb (73 kg), and 160 lb (73 kg) for test nos. MNNW-1, MNNW-2, and MNNW-3, 

respectively, were represented by model no. 572 and were manufactured by Android Systems of 

Carson, California. As recommended by MASH 2016, the dummies were not included in 

calculating the c.g. location. 

4.5 Data Acquisition Systems 

4.5.1 Accelerometers 

Two environmental shock and vibration sensor/recorder systems were used to measure 

the accelerations in the longitudinal, lateral, and vertical directions. All accelerometer systems 

were mounted near the c.g. of the test vehicles. The electronic accelerometer data obtained in 

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

conforming to the SAE J211/1 specifications [10]. 

The 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. 

For test nos. MNNW-1 and MNNW-3, the SLICE-2 unit was designated as the primary system. 

For test no. MNNW-2, the SLICE-1 unit was designated as the primary system. 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.  
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Figure 2. Test Vehicle, Test No. MNNW-1 
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Figure 3. Test Vehicleôs Interior Floorboard and Undercarriage, Test No. MNNW-1 
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Figure 4. Vehicle Dimensions, Test No. MNNW-1
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Figure 5. Test Vehicle, Test No. MNNW-2 
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Figure 6. Test Vehicleôs Interior Floorboard and Undercarriage, Test No. MNNW-2 



January 31, 2019  

MwRSF Report No. TRP-03-396-19 

14 

 

Figure 7. Vehicle Dimensions, Test No. MNNW-2
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Figure 8. Test Vehicle, Test No. MNNW-3 
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Figure 9. Test Vehicleôs Interior Floorboard and Undercarriage, Test No. MNNW-3 



January 31, 2019  

MwRSF Report No. TRP-03-396-19 

17 

 

Figure 10. Vehicle Dimensions, Test No. MNNW-3
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Figure 11. Target Geometry, Test No. MNNW-1 
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Figure 12. Target Geometry, Test No. MNNW-2
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Figure 13. Target Geometry, Test No. MNNW-3 
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4.5.2 Rate Transducers 

Two identical angular rate sensor systems mounted inside the bodies of the SLICE-1 and 

SLICE-2 event data recorders were used to measure the rates of rotation of the test vehicles. 

Each SLICE MICRO Triax ARS had a range of 1,500 degrees/sec in each of the three directions 

(roll, pitch, and yaw) and recorded data at 10,000 Hz to the onboard microprocessors. The raw 

data measurements were then downloaded, converted to the proper Euler angles for analysis, and 

plotted. The ñSLICEWareò computer software program and a customized Microsoft Excel 

worksheet were used to analyze and plot the angular rate sensor data.  

4.5.3 Retroreflective Optic Speed Trap 

The retroreflective optic speed trap was used to determine the speed of the vehicles 

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

were applied to the side of the vehicles. 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. 

4.5.4 Digital Photography 

Four AOS high-speed digital video cameras, eleven GoPro digital video cameras, and 

two JVC digital video cameras were utilized to film test no. MNNW-1. Four AOS high-speed 

digital video cameras, ten GoPro digital video cameras, and two JVC digital video cameras were 

utilized to film test no. MNNW-2. Three AOS high-speed digital video cameras, ten GoPro 

digital video cameras, and two JVC digital video cameras were used to film test no. MNNW-3. 

Camera details, camera operating speeds, lens information, and a schematic of the camera 

locations relative to the system are shown in Figures 14 through 16 for test nos. MNNW-1 

through MNNW-3, respectively. 

The high-speed videos were analyzed using TEMA Motion and RedLake MotionScope 

software programs. Actual camera speed and camera divergence factors were considered in the 

analysis of the high-speed videos. A Nikon digital still camera was also used to document pre- 

and post-test conditions for all tests. 
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No. Type 
Operating Speed 

(frames/sec) 
Lens Lens Setting 

AOS-2 AOS Vitcam 500 KOWA 16mm Fixed - 

AOS-5 AOS X-PRI 500 Telesar 135mm Fixed - 

AOS-6 AOS X-PRI 500 Fujinon 50 Fixed - 

AOS-9 AOS TRI-VIT  2236 1000 KOWA 12mm Fixed - 

GP-3 GoPro Hero 3+ w/ Cosmicar 12.5mm 120   

GP-5 GoPro Hero 3+ 120   

GP-6 GoPro Hero 3+ 120   

GP-7 GoPro Hero 4 120   

GP-8 GoPro Hero 4 240   

GP-9 GoPro Hero 4 120   

GP-10 GoPro Hero 4 240   

GP-15 GoPro Hero 4 120   

GP-16 GoPro Hero 4 240   

GP-17 GoPro Hero 4 120   

GP-18 GoPro Hero 4 120   

JVC-1 JVC ï G2-MC500 (Everio) 30   

JVC-4 JVC ï G2-MG27u (Everio) 30   

Figure 14. Camera Locations, Speeds, and Lens Settings, Test No. MNNW-1 
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No. Type 
Operating Speed 

(frames/sec) 
Lens Lens Setting 

AOS-2 AOS Vitcam 500 KOWA 16mm Fixed - 

AOS-5 AOS X-PRI 500 Telesar 135mm Fixed - 

AOS-8 AOS S-VIT 1531 500 Sigma 28-70 50 

AOS-9 AOS TRI-VIT  2236 1000 KOWA 12mm Fixed - 

GP-5 GoPro Hero 3+ 120   

GP-6 GoPro Hero 3+ 120   

GP-7 GoPro Hero 4 120   

GP-8 GoPro Hero 4 240   

GP-9 GoPro Hero 4 120   

GP-10 GoPro Hero 4 240   

GP-15 GoPro Hero 4 120   

GP-16 GoPro Hero 4 240   

GP-17 GoPro Hero 4 120   

GP-18 GoPro Hero 4 120   

JVC-1 JVC ï G2-MC500 (Everio) 30   

JVC-4 JVC ï G2-MG27u (Everio) 30   

Figure 15. Camera Locations, Speeds, and Lens Settings, Test No. MNNW-2 
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No. Type 
Operating Speed 

(frames/sec) 
Lens Lens Setting 

AOS-5 AOS X-PRI 500 Telesar 135mm - 

AOS-7 AOS X-PRI 500 Sigma 28-70 28 

AOS-9 AOS TRI-VIT  2236 500 Kowa 12mm - 

GP-5 GoPro Hero 3+ 120   

GP-6 GoPro Hero 3+ 120   

GP-7 GoPro Hero 4 120   

GP-8 GoPro Hero 4 240   

GP-9 GoPro Hero 4 120   

GP-10 GoPro Hero 4 240   

GP-15 GoPro Hero 4 120   

GP-16 GoPro Hero 4 240   

GP-17 GoPro Hero 4 120   

GP-18 GoPro Hero 4 120   

JVC-2 JVC ï G2-MC500 (Everio) 30   

JVC-3 JVC ï G2-MG27u (Everio) 30   

Figure 16. Camera Locations, Speeds, and Lens Settings, Test No. MNNW-3 
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5 DESIGN DETAILS ï TEST NOS. MNNW-1 AND MNNW -2 

MnDOT utilizes several different post sizes, embedment depths, and wall heights to meet 

the noise wall requirements for various areas. A noise wall system with the same height as used 

in test no. MNTR-1 was selected for evaluation herein. This system was configured with one of 

the smaller wall heights and embedment depths utilized by MnDOT, which still provided a very 

stiff and strong system when placed in soil. Based on prior testing, the selected test configuration 

parameters were believed to serve as a valid indicator of performance for the other 

configurations.  

The test installation consisted of a wood plank noise wall with concrete posts and a 

glulam timber rubrail, as shown in Figures 17 through 34 for test nos. MNNW-1 and MNNW-2. 

Photographs of the test installation are shown in Figures 35 and 36 for test no. MNNW-1 and 

Figures 37 and 38 for test no. MNNW-2. Material specifications, mill certifications, and 

certificates of conformity for the system materials are shown in Appendix C.  

The test installation for the barrier system was composed of a wood plank noise wall, 

which spanned across twelve concrete support posts and was protected by 89 ft (27.1 m) of 

glulam timber rail sections, as shown in Figures 17 and 18. The total width of the system from 

the front of the glulam timber rail to the back of the wood batten was 40¾ in. (1,035 mm). The 

glulam timber for the rail members and spacer blocks was fabricated with Combination No. 2 

West Coast Douglas Fir material, as specified in AASHTOôs LRFD Bridge Design 

Specifications [4], which was slightly weaker than Combination no. 48 Southern Pine. The 

glulam was treated with pentachlorophenol in heavy oil to a minimum net retention of 0.6 lb/ft3 

(9.6 kg/m3), as specified in AWPA Standard U1 to the requirements of Use Category 4A 

(UC4A) [11]. The rail members were 13½ in. (343 mm) wide by 10¾ in. (273 mm) deep with a 

30-in. (762-mm) top mounting height, as measured from the ground line to the top of the rubrail. 

Five H-shaped steel assemblies were used to splice together the rail ends, thus resulting in the 

total rail length. The H-shaped, welded splice plates consisted of two ASTM A36 steel plates 

measuring 13½ in. wide x 29¼ in. long x Ȩ in. thick (343 mm x 743 mm x 10 mm) and one 

orthogonal ASTM A36 steel plate measuring 13½ in. wide x 10 in. long x Ȩ in. thick (343 mm x 

254 mm x 10 mm) welded together as shown in Figure 28. At all rail splice locations, eight 1¼-

in. (32-mm) diameter by 14-in. (356-mm) long ASTM A307 Grade A galvanized dome head 

bolts with a 1¼-in. (32-mm) diameter flat washer and a 1¼-in. (32-mm) diameter hex nut were 

used to attach to rail sections to the splice plates, as shown in Figures 17 through 19 and 28. The 

rubrail was offset away from the posts with spacer blocks measuring 9 in. wide x 6 in. deep x 

13½ in. long (229 mm x 152 mm x 343 mm), as shown in Figures 17 through 19 and 30.  

Although it was preferred to use dome head bolts to attach the rubrail and spacer blocks 

to the concrete posts, round head bolts in combination with a washer, equivalent in diameter to 

the dome head bolts, were used instead of dome head bolts. Through this substitution, the two 

post-to-rail bolts were ¾-in. (19-mm) diameter by 18-in. (457-mm) long ASTM A307 Grade A 

galvanized round head bolts with a flat head key with a ¾-in. (19-mm) diameter washer that had 

an outer diameter of 2 in. (51 mm). The post-to-rail bolts were attached to the concrete posts 

with field-installed threaded inserts.  

A wood plank noise wall system was attached to the back side of the concrete posts. The 

noise wall planks consisted of 2-in. x 8-in. x 16-ft (51-mm x 203-mm x 4.9-m) tongue and 
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groove wood planks with a minimum bending stress of 1,500 psi (10.3 MPa). The planks were 

attached to the concrete posts with a 2-in. x 8-in. x 10-ft (51-mm x 203-mm x 3.0-m) wood 

batten with a minimum bending stress of 1,500 psi (10.3 MPa) and a 3-in. x 10-in. x 10-ft (76-

mm x 254-mm x 3.0-m) wood nailer with a minimum bending stress of 1,200 psi (8.3 MPa). The 

noise wall planks, nailer, and batten were obtained at a lower grade than specified. However, the 

reduced strength of these timber products was deemed non-critical to the crashworthiness of the 

noise wall system. 

The entire system was constructed with twelve prestressed concrete posts, as shown in 

Figures 17, 26, 27, and 29. All  twelve posts were concrete sections measuring 12 in. wide x 18 

in. deep x 18 ft long (305 mm x 457 mm x 5.5 m), as shown in Figure 26. The concrete posts 

were spaced 8 ft (2.4 m) on center along the length of the system with a soil embedment depth of 

8 ft (2.4 m), as shown in Figures 17 and 18. The posts were installed in a compacted coarse 

crushed limestone soil. The concrete used for the prestressed concrete posts had a minimum 

compressive strength of 5,500 psi (37.9 MPa). 

The concrete posts utilized in the test installation were configured with the longitudinal 

prestressing strands in lieu of longitudinal reinforcement bars, as shown in Figure 26. The steel 

prestressing strands consisted of ½-in. (12.7-mm) diameter, 270-ksi (1,862-MPa) LO-LAX 

prestress strands extending the length of the post. The loop bars were no. 3 reinforcing bars, 53 

in. (1.3 m) long, bent into a rectangular shape, and were spaced 18 in. (457 mm) on center. A 

minimum concrete cover of 2 in. (51 mm) was used for all the rebar and strands placed within 

the posts. The reinforcing bars in the post were ASTM A615 Grade 60 epoxy-coated rebar. The 

post reinforcement details are shown in Figures 26 and 27. 

A BCT anchor cable assembly attached the end post to a cable anchor bracket on the back 

of the rubrail. Each cable anchor bracket was attached to the rail section with eight 1¼-in. (32-

mm) diameter by 14-in. (356-mm) long ASTM A307 Grade A galvanized dome head bolts and a 

1¼-in. (32-mm) diameter hex nut. 

During installation of the test article, a few items were modified to ease construction, 

including: 

(1) The slots in the rubrail were not in the correct location. Thus, some slots in the rail 

were enlarged to align post-to-rail bolts with the threaded inserts in the concrete 

posts. At post no. 5, a 2½-in. (64-mm) outer diameter washer was utilized due to an 

oversized hole in the rail.  

(2) The galvanized post-to-rail bolt threads were not compatible with the threads in the 

zinc-plated, threaded inserts that were installed in the posts. Thus, the galvanization 

was stripped from the threaded ends of bolts so that they could be installed.  

(3) The ends of the timber rubrails required planing to fit within the H-shaped splice 

plates. 

(4) For testing purposes only, double-headed nails were used instead of part g3 to allow 

the noise wall sections to remain intact when switching from the back-side noise wall 

configuration to the front-side noise wall configuration. 
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After construction of the system, a few modifications were identified that would ease 

construction of future installations. Although the noise wall and rubrail system can be installed in 

the as-tested configuration shown in Figures 17 through 34, MwRSF would recommend future 

installations utilize the modified system details shown in Chapter 12.  
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Figure 17. System Layout, Test No. MNNW-1 (Recommended updates provided in Chapter 12) 
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Figure 18. System Layout, Test No. MNNW-2 (Recommended updates provided in Chapter 12)
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Figure 19. Rail Section Details, Test Nos. MNNW-1 and MNNW-2 (Recommended updates provided in Chapter 12) 
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Figure 20. Noise Wall Details, Test Nos. MNNW-1 and MNNW-2 (Recommended updates provided in Chapter 12) 
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Figure 21. Timber Rail Downstream End Segment Details, Test Nos. MNNW-1 and MNNW-2 (Recommended updates provided in 

Chapter 12) 




































































































































































































































































































































































































































































































































