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1 INTRODUCTION  

1.1 Background 

Long-span guardrail systems have been recognized as an effective means of shielding 

low-fill culverts. These designs are popular due to their ability to safely shield the culvert, while 

creating minimal construction effort and limiting culvert damage and repair when compared to 

other systems requiring post attachment to the top of the culvert. However, previous long-span 

designs were limited by the need to use long sections of nested guardrail to prevent rail rupture 

and the need to provide large lateral offsets between the barrier and the culvert headwall. The 

MGS long-span guardrail, as shown in Figure 1, eliminated those two shortcomings by applying 

the benefits of the Midwest Guardrail System to a long-span design. The MGS long-span system 

allowed for increased vehicle capture and stability through increased rail height, limited the 

potential for pocketing and wheel snag through the use of CRT posts adjacent to the unsupported 

span, and greatly increased the tensile capacity of the rail through the movement of splices away 

from posts and the use of shallower post embedment. These features allowed the system to be 

developed without the use of nested guardrail and with reduced lateral barrier offset, which 

places the back of the guardrail posts in line with the front face of the culvert headwall. 

In a previous research study conducted by MwRSF [1-2], two full-scale crash tests were 

conducted on the MGS long-span system according to the Test Level 3 (TL-3) Manual for 

Assessing Safety Hardware (MASH) requirements for test designation no. 3-11 [1]. The first test, 

test no. LSC-1, was designed to evaluate the structural capacity of the system by selecting a 

critical impact point (CIP) that maximized the potential for pocketing, wheel snag, and rail 

rupture. In test no. LSC-1, a 4,991-lb (2,264-kg) pickup truck impacted the MGS long-span 

system 8.2 ft (2.5 m) downstream from post no. 13 at a speed of 62.4 mph (100.4 km/h) and an 

angle of 24.8 degrees, and the vehicle was safely redirected. A second test, test no. LSC-2, was 
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conducted to evaluate the potential for vehicle instability by selecting a CIP that maximized the 

vehicle extension over the culvert as well as the interaction of the left-front wheel of the pickup 

truck with the wing wall of the culvert. In test no. LSC-2, a 4,984-lb (2,261-kg) pickup truck 

impacted the MGS long-span system 41.2 ft (12.6 m) upstream of post no. 14 at a speed of 61.9 

mph (99.6 km/h) and an angle of 24.9 degrees, and the vehicle was safely redirected. The MGS 

long-span guardrailôs ability to perform safely without nested rail and a minimal barrier offset 

made this new barrier a very functional and safe option for protection of low-fill culverts. 

 
Figure 1. MGS Long Span System with 25-ft (7.6-m) Span Length 

The use of unsupported lengths longer than 25 ft (7.6 m) was not recommended 

following the original research project without further analysis and full-scale crash testing. 

However, the excellent performance of the MGS long-span system in the full-scale crash testing 

program suggested that longer span lengths may have been possible with the current design. In a 

previous research study conducted by MwRSF, the MGS long-span system was investigated 

using LS-DYNA analysis for span lengths of 31¾ ft, 37½ ft, 43¾ ft, and 50 ft (9.5 m, 11.4 m, 

13.3 m, and 15.2 m) [3-4]. The increased span lengths were developed by removing an in-line 

steel post and shifting the three CRT posts. This change ensured that three CRT posts remained 

adjacent to the unsupported length on either side. This research study determined that 
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simulations of the 25-ft, 31¼-ft, and 37½-ft (7.6-m, 9.5-m, and 11.4-m) span lengths suggested 

successful performance of these barriers at the TL-3 conditions. There were no vehicle 

instabilities associated with these span lengths, and the guardrail forces throughout the barrier 

was comparable and well within acceptable force ranges. The maximum barrier deflections 

recorded for the 25-ft, 31¼-ft, and 37½-ft (7.6-m, 9.5-m, and 11.4-m) span systems were 

moderate and well below the theoretical maximum deflection threshold of 96.0 in. (2,438 mm).  

In the previous research study, CRT wood posts were utilized directly upstream and 

downstream from the long span [3-4]. Full-scale crash testing has shown that the placement of 

CRT posts adjacent to the unsupported span functioned well in reducing wheel snag and 

pocketing [5-7]. At the 2014 Midwest States Pooled Fund Programôs annual meeting, the 

sponsors determined that the 31¼-ft (9.5-m) MGS long-span guardrail system should undergo 

full -scale crash testing with Universal Breakaway Steel Posts (UBSP) in lieu of the existing CRT 

wood posts. Component testing of UBSPs indicated that there was a strong potential for these 

posts to be utilized in certain CRT post applications [8]. However, it was recommended that any 

guardrail system that may implement the UBSP should be subjected to full -scale vehicle crash 

testing. Several states expressed a desire to implement guardrail systems composed entirely of 

nonproprietary steel posts; since, the properties of wood posts vary due to knots, checks, splits, 

as well as inspection and grading. In addition, chemically-treated wood posts have been 

identified by some Departments of Transportation as harmful to the environment, which often 

requires special consideration during disposal. Thus, this report will discuss the results and 

findings of two full-scale crash tests conducted on the MGS long-span system with a span length 

of 31¼ ft (9.5 m) and UBSPs adjacent to the long span in lieu of the CRT wood posts. 
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1.2 Research Objectives 

The objective of this research effort was to design and evaluate the MGS long-span 

system for use with unsupported spans greater than 25 ft (7.6 m). To accomplish this goal, a span 

length of 31 ft - 3 in. (9.5 m) was evaluated with two full -scale crash tests. The increased 

unsupported span length was to be configured to meet the TL-3 safety criteria set forth in 

MASH. 

1.3 Research Scope 

Two full -scale crash tests were conducted on the MGS long-span system. Both crash 

tests, MASH test designation no. 3-11, utilized pickup trucks weighing approximately 5,000 lb 

(2,268 kg). The target impact conditions for the test were a speed of 62 mph (100 km/h) and an 

angle of 25 degrees. The first test was conducted to evaluate the potential for vehicle instability 

by selecting a critical impact point (CIP) that maximized vehicle extension over the culvert and 

the potential for interaction of the front wheel of the pickup truck with the wing wall of the 

culvert. The second test was designed to evaluate the structural capacity of the system by 

utilizing a CIP that would maximize the potential for pocketing, wheel snag, and rail rupture. 

After the tests were conducted, the test results were analyzed, evaluated, and documented.  
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2 TEST REQUIREMENTS AND EVALUATION CRITERIA  

2.1 Test Requirements 

Longitudinal barriers, such as W-beam guardrails, 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 [9]. According to TL-3 of 

MASH, longitudinal barrier systems must be subjected to two full -scale vehicle crash tests, as 

summarized in Table 1. 

Table 1. MASH 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 
2,425 

(1,100) 

62 

(100) 
25 A,D,F,H,I 

3-11 2270P 
5,000 

(2,268) 

62 

(100) 
25 A,D,F,H,I 

1 Evaluation criteria explained in Table 2. 

 

It was determined that two full-scale crash tests would be required in order to evaluate 

the MGS long span system with an increased unsupported span length. The pickup truck test, test 

designation no. 3-11, was deemed more critical of the two vehicles as the more massive truck 

would induce much higher rail loads and system deflections, thus yielding the highest potential 

for structural failure of the system and/or vehicle instabilities. Two full-scale crash tests under 

test designation no. 3-11 were proposed to evaluate the two critical impact points (CIPs) of the 

barrier system. The first test was conducted to evaluate the potential for vehicle instability by 

selecting a CIP that maximized vehicle extension over the culvert and the potential for 
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interaction of the front wheel of the pickup truck with the wing wall of the culvert. The second 

test was designed to evaluate the structural capacity of the system by utilizing a CIP that would 

maximize the potential for pocketing, wheel snag, and rail rupture. 

Previous research suggested that the 1100C small car impact, test designation no. 3-10, 

was not as critical for evaluation of the MGS long span system with increased span length and 

was omitted for the evaluation. W-beam barriers struck by small cars have been shown to meet 

safety performance standards, being essentially rigid (10-16), with no significant potential for 

occupant risk problems arising from vehicle pocketing or severe wheel snagging on the post or 

culvert at the downstream end of the unsupported span. Additionally, the MGS has previously 

been successfully tested at flare rates as high as 5:1 with the 820C vehicle under TL-3, which 

resulted in an equivalent impact angle for the small car vehicle of 31.8 degrees (17). The MGS 

was also full-scale crash tested and evaluated under MASH TL-3 with the 1100C vehicle with 

top rail mounting heights of 34 in. (864 mm) and 36 in. (914 mm) (18). The capture and 

redirection of the small car in these tests would suggest that capture of the 1100C vehicle was 

unlikely to be a concern within the unsupported span used in the MGS long span system.  

It should be noted that the test matrix detailed herein represents the researchersô best 

engineering judgement with respect to the MASH safety requirements and their internal 

evaluation of critical tests necessary to evaluate the crashworthiness of the barrier system. 

However, the recent switch to new vehicle types as part of the implementation of the MASH 

criteria and the lack of experience and knowledge with certain barriers could result in 

unanticipated barrier performance. Thus, any tests within the evaluation matrix deemed non-

critical may eventually need to be evaluated based on additional knowledge gained over time or 

revisions to the MASH criteria. 
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2.2 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 guardrail 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 summarized in Table 2 

and defined in greater detail in MASH. The full-scale vehicle crash test was conducted and 

reported in accordance with the procedures provided in MASH. 

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 on the test summary sheet. Additional discussion on PHD, THIV, 

and ASI is provided in MASH. 

2.3 Soil Strength Requirements 

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

be verified before any full-scale crash testing can occur. During the installation of a soil-

dependent system, additional W6x16 (W152x23.8) posts were installed near the impact region 

utilizing the same installation procedures as the system itself. Prior to full-scale testing, dynamic 

impact testing was 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), measured at a height of 25 in. (635 

mm) from the ground line. If dynamic testing near the system is not desired, MASH permits a 

static test to be conducted instead and compared against the results of a previously established 
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baseline test. In this situation, the soil must provide a resistance of at least 90 percent 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.  
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Table 2. MASH Evaluation Criteria for Longitudinal Barriers 

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 5.3 and Appendix E of MASH. 

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 A5.3 of 

MASH 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 A5.3 of MASH 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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3 TEST 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 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 those 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 [19] was used to steer the test vehicle. A 

guide flag, attached to the right-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. 

3.3 Test Vehicle 

For test no. MGSLS-1, a 2007 Dodge Ram was used as the test vehicle. The curb, test 

inertial, and gross static vehicle weights were 5,199 lb (2,358 kg), 4,955 lb (2,248 kg), and 5,120 

lb (2,322 kg), respectively. The test vehicle is shown in Figure 2, and vehicle dimensions are 

shown in Figure 3. 

For test no. MGSLS-2, a 2008 Dodge Ram was used as the test vehicle. The curb, test 

inertial, and gross static vehicle weights were 5,064 lb (2,297 kg), 4,912 lb (2,228 kg), and 5,078 



April 7, 2017 

MwRSF Report No. TRP-03-339-17 

11 

lb (2,303 kg), respectively. The test vehicle is shown in Figure 4, and vehicle dimensions are 

shown in Figure 5. 

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

measured axle weights. The Suspension Method [20] was used to determine the vertical 

component of the c.g. for the pickup truck. 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 2270P vehicle was determined utilizing a 

procedure published by the Society of Automotive Engineers (SAE) [21]. The location of the 

final c.g. for test no. MGSLS-1 is shown in Figure 3 and for test no. MGSLS-2 is shown in 

Figure 5. Data used to calculate the locations of the c.g. and ballast information for both tests are 

shown in Appendix B. 

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

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

Figures 6 and 7. Round, checkered targets were placed on the center of gravity on the left-side 

door, the right-side door, and the roof of the vehicle. 

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

value was adjusted to zero so that the vehicles would track properly along the guide cable. A 5B 

flash bulb was mounted on the left side of the vehicleôs dash and was fired by a pressure tape 

switch mounted at the impact corner of the 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 

videos. A remote-controlled brake system was installed in the test vehicle, so the vehicle could 

be brought safely to a stop after the test. 



April 7, 2017 

MwRSF Report No. TRP-03-339-17 

12 

 
 

 
 

 
Figure 2. Test Vehicle, Test No. MGSLS-1 
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Figure 3. Vehicle Dimensions, Test No. MGSLS-1 

Date:

Make:

Tire Size:

a 78 (1981) b 75 1/2 (1918)

c 228 (5791) d 47 (1194)

e 140 3/8 (3566) f 40 5/8 (1032)

g 28 2/3 (728) h 59 8/9 (1521)

i 14 (356) j 27 1/2 (699)

k 21 1/4 (540) l 29 5/8 (752)

m 68 1/8 (1730) n 68 (1727)

o 45 1/2 (1156) p 4 (102)

q 32 1/4 (819) r 18 1/2 (470)

s 16 1/4 (413) t 75 1/4 (1911)

15 (381)

15 1/8 (384)

35 3/4 (908)

    Mass Distribution   lb  (kg) 39 (991)

Gross Static LF 1502 (681) RF 1439 (653) 18 1/4 (464)

LR 1072 (486) RR 1107 (502) 26 1/4 (667)

Weights           

lb (kg) Curb Test Inertial Gross Static

W-front 2954 (1340) 2841 (1289) 2941 (1334)

W-rear 2245 (1018) 2114 (959) 2179 (988)

W-total 5199 (2358) 4955 (2248) 5120 (2322)

Dummy Data

Front

Rear

Total

Front bumper fascia cracked, dent and scrape on front passenger fender.Note any damage prior to test:

Drive Type: RWD

GVWR Ratings

3900 lb

6700 lb

3700 lb Type:

Mass: 165 lb

Driver

Hybrid II

Seat Position:

5/15/2015

Dodge

265/70/R17

Vehicle I.D.#:

Test Number:

Year:

Ram 1500

1d7ha18237a275359

Odometer:

Model:MGSLS-1

2007 205261

*(All Measurements Refer to Impacting Side)

Tire Inflation Pressure: 35

AutomaticTransmission Type:

Vehicle Geometry -- in. (mm)

Wheel Well Clearance (R)

Wheel Center Height Front

Wheel Center Height Rear

V8 Gasoline

Frame Height (R)

5.7LEngine Size

Frame Height (F)

Wheel Well Clearance (F)

Engine Type
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Figure 4. Test Vehicle, Test No. MGSLS-2 
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Figure 5. Vehicle Dimensions, Test No. MGSLS-2 
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Figure 6. Target Geometry, Test No. MGSLS-1 
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Figure 7. Target Geometry, Test No. MGSLS-2 
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3.4 Simulated Occupant 

For test nos. MGSLS-1 and MGSLS-2, a Hybrid II 50th-Percentile, Adult Male Dummy, 

equipped with clothing and footwear, was placed in the left-front seat of the test vehicle with the 

seat belt fastened. The dummy, which had a final weight of 165 lb (75 kg) for test no. MGSLS-1 

and 166 lb (75 kg) for test no. MGSLS-2, was represented by model no. 572, serial no. 451, and 

was manufactured by Android Systems of Carson, California. As recommended by MASH, the 

dummy was not included in calculating the c.g. location. 

3.5 Data Acquisition Systems 

3.5.1 Accelerometers 

For each test, two environmental shock and vibration sensor/recorder systems were used 

to measure the accelerations in the longitudinal, lateral, and vertical directions. Both of the 

accelerometers were mounted near the center of gravity of the test vehicle. 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 [22]. 

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 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 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. 

3.5.2 Rate Transducers 

For each test, two identical angle 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 
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vehicle. 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.  

3.5.3 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. 

3.5.4 Load Cells and String Potentiometers 

Load cells were installed at the upstream and downstream anchors for test no. MGSLS-1 

and MGSLS-2. The load cells were Transducer Techniques model no. TLL-50K with a load 

range up to 50 kips (222 kN). String potentiometers were also attached to the system at the 

upstream and downstream anchors for both tests. The string potentiometers were Unimeasure 

model no. PA-50-70124 with a displacement range up to 50 in. (127 cm). During testing, output 

voltage signals were sent from the transducers to a National Instruments PCI-6071E data 

acquisition board, acquired with LabView software, and stored on a personal computer at a 

sample rate of 10,000 Hz. The positioning and set up of the transducers are shown for both tests 

in Appendix G. 
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3.5.5 Digital Photography 

Five AOS high-speed digital video cameras, eight GoPro digital video cameras, and four 

JVC digital video cameras were utilized to film test no. MGSLS-1. However, three of the GoPro 

digital video cameras were not turned on for the test and did not record it. Camera details, 

camera operating speeds, lens information, and a schematic of the camera locations relative to 

the system are shown in Figure 9. 

For test no. MGSLS-2, five AOS high-speed digital video cameras, seven GoPro digital 

video cameras, and four JVC digital video cameras were used. Camera details, camera operating 

speeds, lens information, and a schematic of the camera locations relative to the system are 

shown in Figure 10. 

The high-speed videos were analyzed using ImageExpress MotionPlus and RedLake 

MotionScope software programs. Actual camera speed and camera divergence factors were 

considered in the analysis of the high-speed videos. A Nikon D50 digital still camera was used to 

document pre- and post-test conditions for both tests. 
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Figure 8. Location of Load Cells and String Potentiometers, Test No. MGSLS-1 
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No. Type 
Operating Speed 

(frames/sec) 
Lens Lens Setting 

AOS-1 AOS Vitcam CTM 500 Nikkor 20mm Fixed ð 

AOS-5 AOS X-PRI Gigabit 500 Vivitar 135mm Fixed ð 

AOS-6 AOS X-PRI Gigabit 500 Sigma 28-70mm 50 

AOS-8 AOS S-VIT 1531 500 Sigma 28-70mm DG 28 

AOS-9 AOS TRI-VIT 2236 1000 Kowa 12mm ð 

GP-3 GoPro Hero 3+ 120   

GP-4 GoPro Hero 3+ 120   

GP-6 GoPro Hero 3+ 120   

GP-7 GoPro Hero 4 240   

GP-9 GoPro Hero 4 120   

JVC-1 JVC ï GZ-MC500 (Everio) 29.97   

JVC-2 JVC ï GZ-MG27u (Everio) 29.97   

JVC-3 JVC ï GZ-MG27u (Everio) 29.97   

JVC-4 JVC ï GZ-MG27u (Everio) 29.97   

Figure 9. Camera Locations, Speeds, and Lens Settings, Test No. MGSLS-1 
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No. Type 
Operating Speed 

(frames/sec) 
Lens Lens Setting 

AOS-1 AOS Vitcam 500 Nikkor 20mm Fixed ð 

AOS-5 AOS X-PRI 500 Vivitar 135mm Fixed ð 

AOS-6 AOS X-PRI 500 Sigma 28-70mm 50 

AOS-8 AOS S-VIT 1531 500 Sigma 28-70mm DG 28 

AOS-9 AOS TRI-VIT 2236 1000 Kowa 12mm ð 

GP-3 GoPro Hero 3+ 120   

GP-4 GoPro Hero 3+ 120   

GP-5 GoPro Hero 3+ 120   

GP-6 GoPro Hero 3+ 120   

GP-7 GoPro Hero 4 240   

GP-9 GoPro Hero 4 120   

GP-10 GoPro Hero 4 240   

JVC-1 JVC ï GZ-MC500 (Everio) 29.97   

JVC-2 JVC ï GZ-MG27u (Everio) 29.97   

JVC-3 JVC ï GZ-MG27u (Everio) 29.97   

JVC-4 JVC ï GZ-MG27u (Everio) 29.97   

Figure 10. Camera Locations, Speeds, and Lens Settings, Test No. MGSLS-2 
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4 DESIGN DETAILS TEST NO S. MGSLS-1 AND MGSLS-2 

The test installation for the MGS long-span systems was composed of 175 ft (53.3 m) of 

standard W-beam guardrail supported by breakaway cable terminal (BCT) timber posts, standard 

steel line posts, universal breakaway steel posts (UBSPs), and a simulated concrete culvert with 

wingwalls. All posts were spaced at 75 in. (1,905 mm) on center, except for a single 31-ft 3-in. 

(9.5-m) span located near the center of the guardrail installation, which spanned the simulated 

concrete culvert. The only dissimilarity between test nos. MGSLS-1 and MGSLS-2 was the 

impact location. The test layout for test no. MGSLS-1 is shown in Figure 11, while the test 

layout for test no. MGSLS-2 is shown in Figure 12. Otherwise, all remaining design details for 

both tests are identical and are shown in Figures 13 through 33. Photographs of the system for 

test no. MGSLS-1 are shown in Figures 34 through 37 and in Figures 38 through 41 for test no. 

MGSLS-2. Material specifications, mill certifications, and certificates of conformity for the 

system materials are shown in Appendix A. 

A simulated culvert headwall was constructed behind the MGS long-span guardrail in 

order to simulate any potential vehicle drop off of the edge of the culvert and to simulate the 

effect of the culvert headwall on the deflection of adjacent guardrail posts during an impact. The 

design of the headwall was based on a survey of common culvert designs from the sponsoring 

agencies. The culvert design also included both the upstream and downstream wingwalls as well 

as a typical slope profile based on representative culvert designs submitted by the sponsoring 

agencies. The reinforced concrete culvert was 37 ft ï 11/2 in. (11.3 m) long, as measured parallel 

to the guardrail from the tip of one wingwall to the tip of the other wingwall. The edge of the 

culvert parallel to the guardrail was 28 ft ï 9 in. (8.8 m) long. Each wingwall was 71 in. (1,803 

mm) long and projected away from the system at a 45-degree angle. The culvert was 48 in. 

(1,219 mm) tall, except at the ends of each wing wall, which were angled down to match the 
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1V:3H lateral fill slope behind the system to a height of 39¼ in. (997 mm). The design of the 

culvert can be seen in Figure 15. 

The barrier utilized standard 12-gauge (2.7-mm) thick W-beam rails with additional post 

bolt slots at half-post spacing intervals, as shown in Figures 11, 18, 19, and 31. The W-beam 

guardrail was mounted with a top-rail height of 31 in. (787 mm) throughout the entire system. 

Rail splices were located at the midspans between posts, as shown in Figure 18. The lap splice 

connections between the rail sections were configured to reduce vehicle snag at the splice during 

the crash test. 

The rail was supported by 25 posts, all of which were embedded in a compacted, coarse, 

crushed limestone material, as recommended by MASH [9]. All of the line posts had embedment 

depths of 40 in. (1,016 mm. Post nos. 3 through 10 and 17 through 23 were galvanized ASTM 

A992, W6x8.5 (W152x12.6) steel line posts that measured 72 in. (1,829 mm) long. Post nos. 11 

through 16 were 32-in. (813-mm) tall, W6x8.5 (W152x12.6) UBSP steel posts that were attached 

at the ground line to 6-in. x 8-in. x 3/16-in. thick (152-mm x 203-mm x 4.8-mm) steel tubes that 

measured 40 in. (1,106 mm) long. The UBSP posts were positioned 24 in. (610 mm) away from 

the slope break point of the 1V:3H fill slope. The two UBSP posts nearest to the culvert were 

offset 15 in. (381 mm) longitudinally away from the culvert headwall. The UBSPs were utilized 

in place of CRT posts due to a desire by states to not use the chemically treated wood posts. The 

rail was offset from the steel posts with 6-in. x 12-in. x 14¼-in. long (152-mm x 305-mm x 362-

mm) Southern Yellow Pine wood blockouts, as shown in Figure 13. A 16D, 3½ in. (89 mm) 

double head nail was also driven through a hole in the front flange of each post into the top of the 

blockout assembly to prevent blockout rotation. The elongated span length was located between 

post nos. 13 and 14, as shown in Figures 11 and 14. 
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The upstream and downstream ends of the guardrail installation were configured with a 

trailing-end anchorage system, as shown in Figures 18 and 36. This guardrail anchorage system 

was utilized to simulate the strength of other crashworthy end terminals. The anchorage system 

consisted of timber posts, foundation tubes, anchor cables, bearing plates, rail brackets, and 

channel struts, which closely resembled the hardware used in the Modified BCT system and now 

part of a crashworthy, downstream, trailing-end terminal [25-28]. Post nos. 1, 2, 24, and 25 were 

breakaway cable terminal (BCT) timber posts that were inserted into 6-ft (1.8-m) long steel 

foundation tubes, as shown in Figures 21 and 40. 
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Figure 11. System Layout, Test No. MGSLS-1 
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Figure 12. System Layout, Test No. MGSLS-2 
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Figure 13. Post Details, Test Nos. MGSLS-1 and MGSLS-2 
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Figure 14. Pit Details, Test Nos. MGSLS-1 and MGSLS-2 
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Figure 15. Concrete Header Details, Test Nos. MGSLS-1 and MGSLS-2 
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Figure 16. Rebar Assembly, Test Nos. MGSLS-1 and MGSLS-2 
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Figure 17. Bill of Bars, Test Nos. MGSLS-1 and MGSLS-2 
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Figure 18. End Section and Splice Detail, Test Nos. MGSLS-1 and MGSLS-2 
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Figure 19. BCT Anchor Details, Test Nos. MGSLS-1 and MGSLS-2 
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Figure 20. Post Nos. 3 ï 10 and 17 ï 23 Components, Test Nos. MGSLS-1 and MGSLS-2 
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Figure 21. BCT Timber Post and Foundation Tube Details, Test Nos. MGSLS-1 and MGSLS-2 
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Figure 22. BCT Post Components and Anchor Bracket, Test Nos. MGSLS-1 and MGSLS-2 
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Figure 23. Ground Strut Details, Test Nos. MGSLS-1 and MGSLS-2 
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Figure 24. Modified BCT Cable with Load Cell Assembly, Test Nos. MGSLS-1 and MGSLS-2 
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Figure 25. Modified BCT Cable, Test Nos. MGSLS-1 and MGSLS-2 
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Figure 26. Shackle and Eye Nut, Test Nos. MGSLS-1 and MGSLS-2 
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Figure 27. UBSP Post and Component Details, Test Nos. MGSLS-1 and MGSLS-2 
















































































































































































































































































































































































