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SI* (MODERN METRIC) CONVERSION FACTORS 
APPROXIMATE CONVERSIONS TO SI UNITS 

Symbol When You Know Multiply By To Find Symbol 

LENGTH 
in. inches 25.4 millimeters  mm 

ft feet 0.305 meters  m 

yd yards  0.914 meters  m 
mi miles  1.61 kilometers km 

AREA 
in2 square inches 645.2 square millimeters mm2 

ft2 square feet  0.093 square meters  m2 
yd2 square yard  0.836 square meters  m2 

ac acres  0.405 hectares  ha 

mi2 square miles  2.59 square kilometers  km2 

VOLUME 
fl oz fluid ounces 29.57 milliliters  mL 

gal gallons  3.785 liters  L 
ft3 cubic feet 0.028 cubic meters m3 

yd3 cubic yards 0.765 cubic meters m3 

NOTE: volumes greater than 1,000 L shall be shown in m3 
MASS 

oz ounces 28.35 grams  g 

lb pounds 0.454 kilograms kg 
T short ton (2,000 lb) 0.907 megagrams (or “metric ton”) Mg (or "t")  

TEMPERATURE (exact degrees) 

°F  Fahrenheit  
5(F-32)/9 

or (F-32)/1.8 
Celsius  °C  

ILLUMINATION 
fc foot-candles  10.76 lux lx 

fl foot-Lamberts 3.426 candela per square meter cd/m2 

FORCE & PRESSURE or STRESS 
lbf poundforce  4.45 newtons  N 

lbf/in2 poundforce per square inch 6.89 kilopascals  kPa 

APPROXIMATE CONVERSIONS FROM SI UNITS 
Symbol When You Know Multiply By To Find Symbol 

LENGTH 
mm millimeters  0.039 inches in. 

m meters  3.28 feet ft 
m meters  1.09 yards  yd 

km kilometers 0.621 miles  mi 

AREA 
mm2 square millimeters 0.0016 square inches in2 

m2 square meters  10.764 square feet  ft2 

m2 square meters  1.195 square yard  yd2 

ha hectares  2.47 acres  ac 
km2 square kilometers  0.386 square miles  mi2 

VOLUME 
mL milliliter  0.034 fluid ounces fl oz 
L liters  0.264 gallons  gal 

m3 cubic meters 35.314 cubic feet ft3 

m3 cubic meters 1.307 cubic yards yd3 

MASS 
g grams  0.035 ounces oz 

kg kilograms 2.202 pounds lb 
Mg (or "t")  megagrams (or “metric ton”) 1.103 short ton (2,000 lb) T 

TEMPERATURE (exact degrees) 
°C  Celsius  1.8C+32 Fahrenheit  °F  

ILLUMINATION 
lx lux 0.0929 foot-candles  fc 

cd/m2 candela per square meter  0.2919 foot-Lamberts fl 

FORCE & PRESSURE or STRESS 
N newtons  0.225 poundforce  lbf 
kPa kilopascals  0.145 poundforce per square inch lbf/in2 

*SI is the symbol for the International System of Units. Appropriate rounding should be made to comply with Section 4 of ASTM E380. 
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1 INTRODUCTION 

1.1 Background 

In 2016, the American Association of State Highway and Transportation Officials 

(AASHTO) implemented an updated standard for the evaluation of roadside hardware. The 

standard, called the Manual for Assessing Safety Hardware 2016 (MASH 2016) [1], improved the 

criteria for evaluating roadside hardware beyond the previous National Cooperative Highway 

Research Program (NCHRP) Report No. 350 [2] standard through updates to the test vehicles, test 

matrices, and impact conditions. In an effort to encourage state departments of transportation and 

hardware developers to advance their hardware designs, the Federal Highway Administration 

(FHWA) and AASHTO have collaborated to develop a MASH implementation policy that 

includes sunset dates for various categories of roadside hardware. The new policy will require that 

devices installed on federal aid roadways after the sunset dates must have been evaluated to MASH 

2016. 

The New Jersey Department of Transportation (NJDOT) and the California Department of 

Transportation (Caltrans) currently use roadside hardware systems that were originally developed 

and evaluated under NCHRP Report No. 350 criteria. This includes modified thrie beam guardrail 

which was previously evaluated to NCHRP Report No. 350 Test Levels 3 (TL-3) and 4 (TL-4). 

Additionally, these states desire to use a dual-sided version of the system for median applications 

that has yet to be evaluated to MASH or NCHRP Report No. 350. It was determined to be 

acceptable under NCHRP Report No. 350 by the FHWA based on crash testing of the single-sided 

system. 

The original evaluation and testing of the modified thrie beam guardrail was performed by 

the Texas A&M Transportation Institute (TTI) [3]. The original development of the modified thrie 

beam rail stemmed from a desire to develop a barrier capable of safely redirecting bus-type 

vehicles while still providing safe performance for passenger car impacts. Testing of standard thrie 

beam guardrail during early research found that the performance of the standard thrie beam was 

marginal, as it captured and redirected the bus but allowed the vehicle to roll over. Thus, a modified 

thrie beam guardrail was developed that utilized 14-in. deep M14x17.2 blockouts with an angled 

cutout and increased the top rail height to 34 in. A thrie beam backup plate was included between 

the thrie beam and the blockout at posts where the splice did not occur to reduce the potential for 

stress concentrations that could arise as the thrie beam wrapped around the edge of the blockout 

during the impact. The modified thrie beam was evaluated by impacting the barrier with a 

20,040-lb International school bus at 55.8 mph and an angle of 15.0 degrees. The modified thrie 

beam safely redirected the bus with a dynamic deflection of 2.87 ft. A subsequent test was 

conducted to evaluate the performance of small car on the system in terms of vehicle snag and 

capture. A 2,276-lb Honda Civic was used to impact the barrier at 62.5 mph and an angle of 15.0 

degrees. The small car was safely redirected with a dynamic deflection of 0.8 ft. No snagging of 

the vehicle on the system posts was noted. A second test of a Honda Civic vehicle impacting at 

61.6 mph and 18.1 degrees on the repaired barrier from the first test demonstrated very similar 

performance. 

Several previous research efforts have evaluated modified thrie beam guardrail under 

NCHRP Report No. 350. In 1995, TTI performed test designation no. 3-11 on a modified thrie 
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beam guardrail similar to the system detailed above except the blockout section was changed to a 

W14x22 section [4]. The modified thrie-beam guardrail system successfully contained and 

redirected the vehicle and met all evaluation criteria set forth in NCHRP Report No. 350 for TL-3. 

The maximum dynamic deflection of the guardrail was 3.4 ft. The relatively large dynamic 

deflection sustained by the guardrail system and snagging of the left wheel assembly on post no. 

17 was somewhat unexpected given the stiffness of the thrie-beam rail element and the 14-in. deep 

blockout. Review of the high-speed film showed that post nos. 16 through 18 were severely twisted 

from the vehicle impact as the thrie-beam rail element deflected. The added moment arm from the 

deep blockout aggravated the torsional moment acting on the posts. As the posts twisted, the 

resistance to rail motion provided by the posts decreased which increased the dynamic deflection 

of the guardrail. The torsional collapse of the posts allowed the left-front wheel assembly of the 

vehicle to come into direct contact with post no. 17. 

Finally, two tests have been conducted on modified thrie beam under NCHRP Report No. 

350 TL-4 impact criteria. TTI tested the modified thrie beam with W14x22 blockouts with an 

impact of a 17,636-lb single-unit truck at a speed of 49.0 mph and an angle of 15.7 degrees [5]. 

The 8000S single-unit truck was safely and stably redirected with a maximum dynamic deflection 

of 2.33 ft. A subsequent test of the modified thrie beam was conducted according to NCHRP 

Report No. 350 TL-4 for Trinity Industries that used a slightly modified blockout with a different 

shape for the angled cutout [6]. In this test, a 17,380-lb single-unit truck impacted the barrier at a 

speed of 50.2 mph and an angle of 14.9 degrees. The test resulted in a successful redirection of the 

8000S vehicle with a dynamic deflection of 2.18 ft.  

Review of previous testing of the modified thrie beam system suggested the barrier may 

potentially meet MASH TL-3 criteria. However, the increased mass and kinetic energy of the 

MASH 2270P test vehicle has been shown to increase impact loading and dynamic deflection of 

guardrail systems, and no MASH testing has been conducted on the modified thrie beam system 

with a small car. Additionally, no testing has been conducted on a dual-sided modified thrie beam 

system. Thus, a need exists to evaluate the modified thrie beam system under MASH 2016 criteria 

to determine its dynamic deflection, working width, and crashworthiness under MASH TL-3. If 

the modified thrie beam system proves successful under TL-3 impact conditions, further study 

regarding its performance under TL-4 impacts with the 10000S vehicle may be warranted. 

1.2 Objective 

The objective of this research is to conduct full-scale crash testing on the modified thrie 

beam guardrail system according to TL-3 of the MASH 2016 impact safety standards. The effort 

will seek to evaluate both the single-sided and dual-sided median versions of the design through 

full-scale crash testing with both the 1100C and 2270P vehicles. 

1.3 Scope 

Two full-scale crash tests were conducted on the modified thrie beam guardrail according 

to MASH 2016 test designation nos. 3-10 and 3-11. The system was constructed following 

NJDOT’s schematic drawings, which are shown in Appendix A. Because the sponsors desired to 

evaluate both the single-sided and dual-sided median versions of modified thrie beam guardrail, 

MwRSF proposed conducting MASH test designation nos. 3-10 and 3-11 on the critical 

configuration of the barrier such that only two tests were required. Test designation no. 3-10 was 
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conducted on the dual-sided, median version of the modified thrie beam and test designation no. 

3-11 was conducted on the single-sided configuration. The test results were analyzed, evaluated, 

and documented, and conclusions and recommendations were made pertaining to the safety 

performance of the system. Specific recommendations will also be made regarding transitioning 

of the modified thrie beam to crashworthy thrie beam approach guardrail transitions and 

transitioning the modified thrie beam transition from its 34-in. height to the 31-in. height of the 

Midwest Guardrail System (MGS). 
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2 TEST REQUIREMENTS AND EVALUATION CRITERIA 

2.1 Test Requirements 

Longitudinal barriers, such as the modified thrie beam guardrail, must satisfy impact safety 

standards in order to be declared eligible for federal reimbursement by the 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. Note that there is no difference between 

MASH 2009 [7] and MASH 2016 for longitudinal barriers, except that additional occupant 

compartment deformation measurements, photographs, and documentation are required by MASH 

2016. 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. 

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

Test 

Article 

Test 

Designation 

No. 

Test 

Vehicle 

Vehicle 

Weight 

lb 

Impact Conditions 
Evaluation 

Criteria 1 
Speed 

mph 

Angle 

deg. 

Longitudinal 

Barrier 

3-10 1100C 2,425 62 25 A,D,F,H,I 

3-11 2270P 5,000 62 25 A,D,F,H,I 
1 Evaluation criteria explained in Table 2 

Because NJDOT and Caltrans would like to evaluate both the single-sided roadside and 

dual-sided median versions of the modified thrie beam guardrail, MwRSF proposed to run test 

designation nos. 3-10 and 3-11 on the critical configuration of the barrier such that only two tests 

were required. Test designation no. 3-10 (test no. MTB-2) was conducted on the dual-sided, 

median version of the modified thrie beam as this system configuration would tend to increase 

loading and occupant risk values for the small car vehicle and increase the propensity for vehicle 

snag on the post due to the higher stiffness and reduced dynamic deflection of the dual-sided 

system. Conversely, test designation no. 3-11 (test no. MTB-1) was conducted on the single-sided 

configuration because the 2270P vehicle will impart increased barrier loading on the components 

of a single-sided system. Additionally, the potential for the torsional buckling of the system posts 

that led to increased barrier deflection and post snag as occurred in the original test designation 

no. 3-11 testing of the modified thrie beam would be more prevalent in the single-sided 

configuration. Finally, evaluation of the single-sided modified thrie beam configuration with the 

2270P vehicle would also produce the maximum dynamic deflection and working width values 

for the barrier system. Previous evaluation of the T-39 thrie beam barrier for both roadside and 

median versions followed a similar methodology [8]. 

Evaluation of the length of need for guardrail systems has traditionally been conducted 

near the midpoint of 175-ft long systems. This has shown to be sufficiently far from the system 

anchors to simulate the performance and dynamic deflection of longer barrier systems and limit 

the sensitivity of the results to the proximity of the end anchorages. MwRSF evaluated the MTB 

guardrail using a similar length. It should be noted that 175 ft typically becomes the minimal 

functional system length, since any reduction affects barrier performance and anchorage 

requirements. Thus, further analysis and testing is usually required to justify barrier systems 
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shorter than that length, or the length of the system in its full-scale crash test. MwRSF may be able 

to provide guidance based on previous MGS research, but actual determination of minimum 

system lengths and effects on performance are outside the scope of this effort and would require 

further study.  

Test nos. MTB-1 and MTB-2 were conducted, documented, and evaluated by MwRSF 

personnel in accordance with the MASH TL-3 guidelines. The tests were conducted to MwRSF’s 

list of accredited testing services granted by the A2LA laboratory accreditation body (A2LA Cert. 

No. 2937.01). 

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 deg. 

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 40 ft/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 g’s 20.49 g’s 

 

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 longitudinal barrier 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. 



July 16, 2020 

MwRSF Report No. TRP-03-417-20 

6 

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 2016. The full-scale vehicle crash tests 

documented herein 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. 

2.3 Soil Strength Requirements 

In accordance with MASH 2016, foundation soil strength must be verified before any full-

scale crash testing can occur. During the installation of a soil dependent system, W6x16 posts are 

installed near the impact region using the same installation procedures as the system itself. Prior 

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

resistance of 7.5 kips at post deflections between 5 and 20 in. measured at a height of 25 in. 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 percent of the static baseline test at deflections of 

5, 10, and 15 in. Further details can be found in Appendix B of MASH 2016.
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3 TEST CONDITIONS 

3.1 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 five miles northwest of the University of 

Nebraska-Lincoln. 

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 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 [13] 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 ⅜-in. diameter guide cable was tensioned to approximately 3,500 lb and 

supported both laterally and vertically every 100 ft 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 Vehicles 

For test no. MTB-1, a 2012 Dodge Ram 1500 quad cab pickup truck was used as the test 

vehicle. The curb, test inertial, and gross static vehicle weights were 5,089 lb, 5,003 lb, and 5,162 

lb, respectively. The test vehicle is shown in Figures 1 and 2 and vehicle dimensions are shown in 

Figure 3. 

For test no. MTB-2, a 2009 Kia Rio was used as the test vehicle. The curb, test inertial, and 

gross static vehicle weights were 2,497 lb, 2,415 lb, and 2,579 lb, respectively. The test vehicle is 

shown in Figures 4 and 5 and vehicle dimensions are shown in Figure 6.  

MASH 2016 requires test vehicles used in crash testing to be no more than six model years 

old. A 2009 model was used for this test because the vehicle geometry of newer models did not 

comply with recommended vehicle dimension ranges specified in Table 4.1 of MASH 2016. The 

use of older test vehicles due to recent small car vehicle properties falling outside of MASH 2016 

recommendations was allowed by FHWA and AASHTO in MASH implementation guidance 

dated May of 2018 [14].  
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Figure 1. Test Vehicle, Test No. MTB-1
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Figure 2. Test Vehicle’s Interior Floorboards and Undercarriage, Test No. MTB-1
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Figure 3. Vehicle Dimensions, Test No. MTB-1
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Figure 4. Test Vehicle, Test No. MTB-2
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Figure 5. Test Vehicle’s Interior Floorboards and Undercarriage, Test No. MTB-2
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Figure 6. Vehicle Dimensions, Test No. MTB-2
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The longitudinal component of the center of gravity (c.g.) was determined using the 

measured axle weights. The Suspension Method [15] was used to determine the vertical 

component of the c.g. for the pickup truck used in test no. MTB-1. 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 location of the final c.g. for test no. MTB-1 is shown in 

Figure 7. The vertical component of the c.g. for the 1100C vehicle was determined using a 

procedure published by SAE [16]. The location of the final c.g. for test no. MTB-2 is shown in 

Figure 8. Data used to calculate the locations of the c.g. and ballast information are shown in 

Appendix C. 

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 video analysis, as shown in Figures 

7 and 8. Round, checkered targets were placed at the c.g. on the left- and right-side doors 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 the vehicle’s left-side dash for both tests and 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 

digital videos. A radio-controlled brake system was installed in the test vehicles so the vehicles 

could be brought safely to a stop after the test.
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Figure 7. Target Geometry, Test No. MTB-1
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Figure 8. Target Geometry, Test No. MTB-2



July 16, 2020 

MwRSF Report No. TRP-03-417-20 

17 

3.4 Simulated Occupant 

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

equipped with footwear, was placed in the right-front seat of the test vehicle for both tests with the 

seat belt fastened. The simulated occupant had a final weight of 159 lb and 161 lb for test nos. 

MTB-1 and MTB-2, respectively. As recommended by MASH 2016, the simulated occupant was 

not included in calculating the c.g. locations. 

3.5 Data Acquisition Systems 

3.5.1 Accelerometers 

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

accelerations in the longitudinal, lateral, and vertical directions. Both 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 SAE J211/1 specifications [17]. 

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

Diversified Technical Systems, Inc. (DTS) of Seal Beach, California. The SLICE-2 unit was 

designated as the primary system for test no. MTB-1, and the SLICE-1 unit was designated as the 

primary system for test no. MTB-2. 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 ±500 g’s, a sample rate of 10,000 Hz, and a 1,650 Hz (CFC 1000) anti-aliasing filter. The 

“SLICEWare” computer software program and a customized Microsoft Excel worksheet were 

used to analyze and plot the accelerometer data. 

3.5.2 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 vehicle. Each 

SLICE MICRO Triax ARS had a range of 1,500 deg./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 “SLICEWare” 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 test vehicles 

before impact. Five retroreflective targets, spaced at approximately 18-in. 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. 
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3.5.4 Digital Photography 

Five AOS high-speed digital video cameras, eleven GoPro digital video cameras, and two 

Panasonic digital video cameras were used to film test no. MTB-1. Seven AOS high-speed digital 

video cameras, ten GoPro digital video cameras, and four Panasonic digital video cameras were 

used to film test no. MTB-2. Camera details and operating speeds, lens information, and a 

schematic of the camera locations relative to the system are shown in Figures 9 and 10, 

respectively. 

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

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

analysis of the high-speed videos. A 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-1 AOS Vitcam 500 Sigma 28-70 mm 28 

AOS-5 AOS X-PRI 500 100 mm Fixed  

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

AOS-8 AOS S-VIT 1531 500 Fujinon 75 mm Fixed  

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

GP-7 GoPro Hero 4 120   

GP-8 GoPro Hero 4 120   

GP-9 GoPro Hero 4 240   

GP-10 GoPro Hero 4 120   

GP-11 GoPro Hero 4 240   

GP-15 GoPro Hero 4 240   

GP-16 GoPro Hero 4 240   

GP-17 GoPro Hero 4 240   

GP-18 GoPro Hero 6 240   

GP-20 GoPro Hero 6 240   

GP-21 GoPro Hero 6 240   

PAN-1 Panasonic HC-V770  60   

PAN-2 Panasonic HC-V770  120   

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

(frames/sec) 
Lens Lens Setting 

AOS-1 AOS Vitcam CTM 500 Kowa 25 mm  

AOS-5 AOS X-PRI Gigabit 500 100 mm Fixed  

AOS-6 AOS X-PRI Gigabit 500 Sigma 28-70 mm 35 

AOS-7 AOS X-PRI 500 Fujinon 50 mm Fixed  

AOS-8 AOS S-VIT 1531 500 Kowa 16 mm Fixed  

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

AOS MINI Smize  Kowa 35 mm Fixed  

GP-7 GoPro Hero 4 120   

GP-8 GoPro Hero 4 120   

GP-10 GoPro Hero 4 120   

GP-11 GoPro Hero 4 240   

GP-15 GoPro Hero 4 120   

GP-17 GoPro Hero 4 240   

GP-18 GoPro Hero 6 240   

GP-19 GoPro Hero 6 240   

GP-20 GoPro Hero 6 240   

GP-21 GoPro Hero 6 240   

PAN-1 Panasonic – HC-V770  60   

PAN-2 Panasonic – HC-V770  60   

PAN-3 Panasonic – HC-V770 60   

PAN-4 Panasonic – HC-V770 60   

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

The test installation consisted of a 176-ft – 9/16-in. long modified thrie beam guardrail 

supported by 29 posts. Design details for test no. MTB-1 are shown in Figure 11 through Figure 

23. Photographs of the system for test no. MTB-1 are shown in Figure 24 and Figure 25. Material 

specifications, mill certifications, and certificates of conformity for the system materials are shown 

in Appendix B. 

The modified thrie beam test article was constructed based on the NJDOT standard plans. 

It was noted previously that two similar blockout designs were evaluated with the modified thrie 

beam system under NCHRP Report No. 350. Because these two blockouts are very similar, 

NJDOT elected to evaluate the system with the original W14x22 blockout rather than the Trinity 

alternative. Similarly, the NJDOT plans denoted the use of W6x9 or W6x8.5 posts with A709 

Grade 36 steel. After discussion with the sponsors regarding available steel grades for W6x9 and 

W6x8.5 posts, W6x8.5 posts fabricated from A36 steel were selected for the tested system.  

For test no. MTB-1, post nos. 3 through 27 were 81-in. long W6x8.5 steel posts spaced 75 

in. apart with W14x22 blockouts and an embedment depth of 46 in. The blockouts were attached 

with two diagonally opposed ⅝-in. diameter bolts and the thrie beam rail elements were attached 

to the blockout with one ⅝-in. diameter button head bolt. Post nos. 1, 2, 28, and 29 were 5½-in. x 

7½-in. x 46-in. breakaway cable terminal (BCT) timber posts placed into 6-in. x 8-in. x 72-in. 

ASTM A53 Grade B, steel foundation tubes. Post nos. 3 through 27 featured 12-gauge thrie-beam 

rails with additional post bolt slots at half-post spacing intervals. The mounting height was 34 in. 

to the top of the thrie-beam rail. Rail splices were located at posts, as shown in Figure 13. The lap 

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

the splice. The modified thrie beam guardrail utilized 12-in. long, 12-gauge thrie-beam backup 

plates at each post location without a rail splice.  

The upstream and downstream ends of the guardrail installation were configured with a 

non-proprietary end anchorage system [8-12]. The guardrail anchorage system had a comparable 

strength to other crashworthy end terminals. The anchorage system consisted of timber posts, 

foundation tubes, anchor cables, bearing plates, rail brackets, and channel struts. Due to the 34-in. 

height of the modified thrie-beam guardrail, a 10-gauge, symmetric W-beam to thrie beam 

transition section was used to transition down to a 12-gauge, W-beam rail segment with a top 

mounting height of 30⅛ in. at each end of the system. This allowed for anchorage of the system 

using typical trailing end anchorage hardware. The only modification required was altering the 

hole location for the post bolt in the BCT posts to adjust for the ⅞-in. height difference.  
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Figure 11. System Layout, Test No. MTB-1
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Figure 12. Section Views, Test No. MTB-1
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Figure 13. Splice and Post Detail, Test No. MTB-1
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Figure 14. End Section Details, Test No. MTB-1
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Figure 15. BCT Anchor and Splice Details, Test No. MTB-1
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Figure 16. Post Nos. 3 through 27 Components, Test No. MTB-1
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Figure 17. Foundation Tube and BCT Timber Post Details, Test No. MTB-1
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Figure 18. Ground Strut Details, Test No. MTB-1
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Figure 19. Cable Assembly, Test No. MTB-1
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Figure 20. Guardrail Section Details, Test No. MTB-1
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Figure 21. Rail Transition Details, Test No. MTB-1
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Figure 22. Hardware, Test No. MTB-1
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Figure 23. Bill of Materials, Test No. MTB-1
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Figure 24. Test Installation Photographs, Test No. MTB-1
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Figure 25. Additional Test Installation Photographs, Test No. MTB-1 
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5 FULL-SCALE CRASH TEST NO. MTB-1  

5.1 Static Soil Test 

Before full-scale crash test no. MTB-1 was conducted, the strength of the foundation soil 

was evaluated with a static test, as described in MASH 2016. The static test results, shown in 

Appendix D, demonstrated a soil resistance above the baseline test limits. Thus, the soil provided 

adequate strength, and full-scale crash testing could be conducted on the barrier system. 

5.2 Weather Conditions 

Test no. MTB-1 was conducted on November 17, 2018 at approximately 2:30 p.m. The 

weather conditions as per the National Oceanic and Atmospheric Administration (station 

14939/LNK) were reported and are shown in Table 3. 

Table 3. Weather Conditions, Test No. MTB-1 

Temperature 25 deg. F 

Humidity 80 percent 

Wind Speed 19 mph 

Wind Direction 10 deg. from True North 

Sky Conditions Sunny 

Visibility 1.50 Statute Miles 

Pavement Surface Dry 

Previous 3-Day Precipitation 0 in. 

Previous 7-Day Precipitation 0 in. 

 

5.3 Test Description 

Test no. MTB-1 was conducted under the MASH TL-3 guidelines for test designation no. 

3-11. Test designation no. 3-11 is an impact of the 2270P vehicle at 62 mph and 25 degrees on the 

system. The critical impact point for this test was selected to maximize vehicle snag on the system 

posts and splice loading. Initial vehicle impact was to occur 11 ft – 6 in. upstream from post no. 

13, as shown in Figure 26, which was selected using the critical impact point plots found in Section 

2.3 of MASH 2016. The 5,003-lb quad cab pickup truck impacted the modified thrie beam 

guardrail at a speed of 62.9 mph and an angle of 25.4 deg. The actual point of impact was 0.3 in. 

downstream from the target location. During the test, the pickup truck was captured and redirected 

by the thrie beam system. During the redirection of the vehicle, torsional collapse of some of the 

W-section blockouts was observed. The torsional collapse of the blockouts did not compromise 

the overall test result, but it allowed increased wheel snag on the posts and disengagement of the 

vehicle’s right-front wheel. Additionally, the collapse of the blockouts allowed the lower portion 

of the thrie beam guardrail to contact the flange and web of the blockout and post flanges at post 

no. 13. The contact at post no. 13 was sufficient to cause a small tear downstream from the thrie 

beam splice at that post. However, this tear did not adversely affect the barrier system performance. 

The stability and trajectory of the vehicle were acceptable. Prior to coming to a stop, the test 

vehicle impacted portable barriers used to shield other areas of the test facility downstream from 

the barrier. This contact was well after vehicle exit and resulted in minor damage to the front of 
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the test vehicle. The vehicle came to rest 282 ft – 3 in. downstream from the impact point and 14 

ft – 7 in. laterally in front of the barrier after brakes were applied. 

A detailed description of the sequential impact events is contained in Table 4. Sequential 

photographs are shown in Figures 27 and 28. Documentary photographs of the crash test are shown 

in Figure 29. The vehicle trajectory and final position are shown in Figure 30.
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Figure 26. Impact Location, Test No. MTB-1
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Table 4. Sequential Description of Impact Events, Test No. MTB-1 

TIME 

(sec) 
EVENT 

0.000 
Vehicle’s right-front bumper contacted the rail between post nos. 11 and 12 at a 

speed of 62.9 mph and angle of 25.4 deg. 

0.004 Vehicle’s right fender contacted rail. 

0.008 Vehicle’s right headlight contacted rail. 

0.010 Post no. 11 deflected backward. 

0.012 Post no. 12 deflected backward. 

0.016 Vehicle’s right-front tire contacted rail. 

0.024 Vehicle’s grille contacted rail. 

0.028 Post no. 10 deflected backward and post no. 2 deflected downstream. 

0.038 Post nos. 3 through 10 rotated clockwise due to rail movement. 

0.044 Post no. 16 rotated counterclockwise. 

0.046 Post no. 13 deflected backward. 

0.048 Post nos. 17 through 27 rotated counterclockwise due to rail movement. 

0.050 Post no. 29 deflected upstream. 

0.052 Post no. 12 rotated backward. 

0.060 Post no. 12 twisted counterclockwise. 

0.064 Post no. 12 deflected downstream. 

0.072 Vehicle’s right-front door contacted rail. 

0.074 Post no. 12 bent backward and post no. 13 rotated backward. 

0.090 Vehicle’s right-front tire contacted post no. 12. 

0.108 Blockout no. 13 deflected backward and torsionally buckled. 

0.112 Post no. 13 deflected downstream. 

0.122 Post no. 14 deflected backward and vehicle’s right-rear door contacted rail. 

0.136 Post no. 14 rotated backward. 

0.140 Rail disengaged from bolt at post no. 13. 

0.142 
Post flange at post no. 13 contacted rail splice at post no. 13 initiating small tear 

in splice 

0.146 Post no. 15 deflected backward. 

0.154 
Blockout at post no. 13 contacted lower portion of thrie bream downstream from 

splice at post no.13. 

0.160 Post no. 13 bent downstream. 

0.164 Vehicle’s right-front tire contacted post no. 13. 

0.166 Post no. 14 twisted counterclockwise. 

 



July 16, 2020 

MwRSF Report No. TRP-03-417-20 

41 

Table 5. Sequential Description of Impact Events, Test No. MTB-1, Cont. 

TIME 

(sec) 
EVENT 

0.168 Vehicle’s right-front wheel snagged on post no. 13. 

0.180 Vehicle’s right quarter panel contacted rail. 

0.184 Vehicle’s right-rear bumper contacted rail. 

0.188 Vehicle’s right taillight contacted rail. 

0.190 Post no. 11 twisted clockwise. 

0.194 Post no. 10 rotated backward. 

0.206 Post no. 13 deflected forward. 

0.208 Post no. 10 twisted clockwise. 

0.210 Post no. 16 deflected backward 

0.218 Post no. 15 rotated backward. 

0.236 Vehicle was parallel to system at a speed of 45.7 mph. 

0.248 Vehicle’s right-front tire contacted post no. 14. 

0.256 Vehicle’s right-front wheel became disengaged. 

0.258 
Rail disengaged from bolt at post no. 14 and vehicle’s left-rear tire became 

airborne. 

0.270 Post no. 14 bent backward and post no. 13 deflected upstream. 

0.276 Post no. 11 rotated counterclockwise. 

0.290 Post no. 15 twisted counterclockwise. 

0.302 Post nos. 3 through 9 rotated counterclockwise due to rail movement. 

0.306 Post no. 14 deflected forward. 

0.310 Post no. 15 rotated downstream. 

0.336 Post nos. 17 through 27 rotated clockwise due to rail movement. 

0.446 Vehicle’s right-rear tire contacted the disengaged tire. 

0.470 Vehicle’s left-rear tire regained contact with ground. 

0.502 Post no. 15 deflected forward. 

0.524 Vehicle’s left-rear tire became airborne. 

0.530 Vehicle’s right-rear tire became airborne. 

0.588 Vehicle exited system with a speed of 40.6 mph. 

0.632 Vehicle’s right-rear tire regained contact with ground. 

0.638 Vehicle’s left-rear tire regained contact with ground. 

0.924 Vehicle came to a rest. 
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0.000 sec 

 
0.100 sec 

 
0.238 sec 

 
0.302 sec 

 
0.460 sec 

 
0.878 sec 

 
0.000 sec 

 
0.118 sec 

 
0.202 sec 

 
0.320 sec 

 
0.514 sec 

 
0.706 sec

Figure 27. Sequential Photographs, Test No. MTB-1
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0.000 sec 

 
0.106 sec 

 
0.200 sec 

 
0.136 sec 

 
0.502 sec 

 
0.726 sec 

 
0.000 sec 

 
0.106 sec 

 
0.190 sec 

 
0.302 sec 

 
0.492 sec 

 
0.712 sec

Figure 28. Additional Sequential Photographs, Test No. MTB-1
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Figure 29. Documentary Photographs, Test No. MTB-1
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Figure 30. Vehicle Final Position and Trajectory Marks, Test No. MTB-1
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5.4 Barrier Damage 

Barrier damage was moderate, as shown in Figures 31 through 33, consisting of contact 

marks, deformation, disengaged rail elements, and bending, kinking, rotation, and twisting of the 

steel posts. The total length of vehicle contact along the barrier was approximately 37 ft – 10½ in., 

which spanned from 2 in. upstream from post no. 10 to 2½ in. downstream from post no. 16. All 

measurements were taken from post centerlines. 

The most significant damage occurred between post nos. 11 and 13 where impact occurred. 

A 19-in. long contact mark was found on the top of the rail, beginning 13 in. upstream from post 

no. 11. A 23-in. long contact mark was found on the middle corrugation, beginning 18 in. upstream 

from post no. 11. A 24-ft 7-in. long contact mark was found across the entire front face of the rail, 

beginning 7½ in. downstream from post no. 11 and ending 5 in. downstream of post no. 15. The 

top slot at post no. 12, used to attach the blockout to the guardrail, was torn as a result of bolt pull 

out. The bottom rail corrugation was flattened from 17 in. upstream from post no. 12 to 7½ in. 

upstream from post no. 15. The top slot at post no. 13 and the top and bottom slots at post no. 14 

were indented as a result of bolt pull out. A 4-in. long tear was found at the bottom edge of the rail 

8 in. downstream from post no. 13. A 17-in. long contact mark was found on the top edge of the 

rail, beginning 8 in. downstream from post no. 15. Various kinks and dents were observed on the 

rail between post no. 9 and post no. 17. 

The front flange of the blockouts at post nos. 3 through 11 twisted clockwise. The lower 

front flange of the blockout at post no. 10 bent inward, 7 in. from the bottom. The lower front 

flange of the blockout at post no. 11 bent inward 6 in. from the bottom. The front flange of post 

no. 12 twisted counter-clockwise, 35 in. from the top, and the back flange twisted clockwise 24 in. 

from the top. The blockout at post no. 12 bent clockwise 3½ in. from the front face, and the lower 

front flange of the blockout bent inward 7 in. from the bottom. The backing plate at post no. 12 

bent inward 11 in. from the top and twisted clockwise 11 in. from the bottom. A 9-in. tall contact 

mark was found on the front flange of post no. 12, 29 in. from the top of the post. The front flange 

of post no. 13 was bent 17 in. from the top. The blockout at post no. 13 bent 4 in. upstream from 

the back of the blockout. The front flange of the blockout at post no. 13 bent clockwise, and the 

base of the blockout bent inward 7 in. from the bottom. A 10-in. tall contact mark was found on 

the upstream side of the front flange of post no. 13, 27 in. from the top. The front flange of post 

no. 14 was bent 18 in. from the top. The front flange of the blockout at post no. 14 bent clockwise, 

and the base of the blockout was bent 7 in. from the bottom. The stiffener at post no. 14 bent 

inward 7 in. from the bottom. A 6-in. tall contact mark was found 26½ in. from the top of post no. 

14. Post no. 15 twisted counterclockwise 35 in. from the top. The front flange of the blockout at 

post no. 15 bent clockwise, and the base of the blockout bent inward 7 in. from the bottom. The 

front flange of the blockout at post no. 16 bent inward 6 in. from the bottom. Post no. 15 twisted 

counter-clockwise 35 in. from the top. The base of the front flange bent inward 7 in. from the 

bottom of the post. The blockout of post no. 16 was bent inward 6 in. from the bottom of the post. 

The blockout web of post no. 23 was bent 7 in. downstream from the front flange. No damage was 

observed on post nos. 1 and 2, 17 through 22, and 24 through 29. 
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Figure 31. System Damage, Test No. MTB-1
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Figure 32. Damage between Post Nos. 10 and 12, Test No. MTB-1
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Figure 33. Damage between Post Nos. 13 and 15, Test No. MTB-1



July 16, 2020 

MwRSF Report No. TRP-03-417-20 

50 

The maximum lateral permanent set deflection was 27.7 in. at post no. 13, as measured via 

GPS. The maximum lateral dynamic rail and barrier deflections were 34.4 in. at the midspan of 

rail no. 12, and 38 in. at post no. 13, respectively, as determined from high-speed digital video 

analysis. The working width of the system was found to be 49.3 in. at post no. 13, also determined 

from high-speed digital video analysis. A schematic of the permanent set deflection, dynamic 

deflection, and working width is shown in Figure 34. 

 

Figure 34. Permanent Set Deflection, Dynamic Deflection, and Working Width, Test No. MTB-1 

5.5 Vehicle Damage 

Damage to the vehicle was moderate, as shown in Figures 35 through 39. The maximum 

occupant compartment intrusions are listed in Table 6 along with the intrusion limits established 

in MASH 2016 for various areas of the occupant compartment. MASH 2016 defines intrusion or 

deformation as the occupant compartment being deformed and reduced in size with no observed 

penetration. There were no penetrations into the occupant compartment and none of the established 

MASH 2016 intrusion limits were violated. Complete occupant compartment and vehicle 

deformations and the corresponding locations are provided in Appendix E.
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Figure 35. Vehicle Damage, Test No. MTB-1
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Figure 36. Vehicle Damage, Test No. MTB-1
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Figure 37. Vehicle Damage, Test No. MTB-1
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Figure 38. Occupant Compartment Damage, Test No. MTB-1
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Figure 39. Vehicle Undercarriage Damage, Test No. MTB-1
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Table 6. Maximum Occupant Compartment Intrusions by Location, Test No. MTB-1 

LOCATION 

MAXIMUM 

INTRUSION 

in. 

MASH 2016 ALLOWABLE 

INTRUSION 

in. 

Wheel Well & Toe Pan 0.1 ≤ 9 

Floor Pan & Transmission Tunnel −0.5 N/A1 

A-Pillar 0.6 ≤ 5 

A-Pillar (Lateral) −0.5 N/A2 

B-Pillar 0.3 ≤ 5 

B-Pillar (Lateral) −0.5 N/A1 

Side Front Panel (in Front of A-Pillar) 0.3 ≤ 12 

Side Door (Above Seat) −1.0 N/A1 

Side Door (Below Seat) 0.1 ≤ 12 

Roof 0.4 ≤ 4 

Windshield 0 ≤ 3 

Side Window Intact 
No shattering resulting from contact 

with structural member of test article 

Dash 0.8 N/A2 

Note: Negative values denote outward deformation 

N/A1 – MASH 2016 criteria are not applicable when deformation is outward  

N/A2 – No MASH 2016 criteria exist for this location 

The majority of damage was concentrated on the right-front corner and right side of the 

vehicle where impact occurred. The front bumper cover was crushed in and partially torn from the 

vehicle. The grille and both headlights were disengaged from the vehicle. The right-front wheel 

assembly was torn from the vehicle. The front and side of the right-front fender were crushed 

inward. The right side of vehicle was deformed or scratched along its entirety. The right tail light 

was crushed. The right-side shocks bent backward. The right-side sway bar end link was 

disconnected from the lower control arm. The right-side steering knuckle disengaged from the 

vehicle. The right-side lower control arm broke and the upper control arm bent backward. The 

steering gear box broke apart and the right-side tie rod was bent. The front bumper mounts were 

bent backward. 

5.6 Occupant Risk 

The calculated occupant impact velocities (OIVs) and maximum 0.010-sec average 

occupant ridedown accelerations (ORAs) in both the longitudinal and lateral directions, as 

determined from the accelerometer data, are shown in Table 7. Note that the OIVs and ORAs were 

within suggested limits, as provided in MASH 2016. The calculated THIV, PHD, and ASI values 

are also shown in Table 7. The results of the occupant risk analysis are summarized in Figure 40. 

The recorded data from the accelerometers and the rate transducers are shown graphically in 

Appendix F. 
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Table 7. Summary of OIV, ORA, THIV, PHD, and ASI Values, Test No. MTB-1 

Evaluation Criteria 

Transducer 
MASH 2016 

Limits SLICE-1 
SLICE-2 

(primary) 

OIV 

ft/s 

Longitudinal −14.97 −14.34 ±40 

Lateral −15.74 −16.84 ±40 

ORA 

g’s 

Longitudinal −10.35  −10.76  ±20.49 

Lateral −9.55 −9.56  ±20.49 

MAX. 

ANGULAR 

DISPL. 

deg. 

Roll 4.1 −6.1 ±75 

Pitch −1.3 −2.0 ±75 

Yaw −39.8 −39.5 not required 

THIV 

ft/s 
20.73 21.21 not required 

PHD 

g’s 
13.44 13.79 not required 

ASI 0.73 0.75 not required 

 

5.7 Discussion 

The analysis of the test results for test no. MTB-1 showed that the system adequately 

contained and redirected the 2270P vehicle with controlled lateral displacements of the barrier. A 

summary of the test results and sequential photographs are shown in Figure 40. Detached elements, 

fragments, or other debris from the test article did not penetrate or show potential for penetrating 

the occupant compartment, or present an undue hazard to other traffic, pedestrians, or work-zone 

personnel. Deformations of, or intrusions into, the occupant compartment that could have caused 

serious injury did not occur. The test vehicle did not penetrate nor ride over the barrier and 

remained upright during and after the collision. Vehicle roll, pitch, and yaw angular displacements, 

as shown in Appendix F, were deemed acceptable because they did not adversely influence 

occupant risk nor cause rollover. After impact, the vehicle exited the barrier at an angle of 15.0 

deg., and its trajectory did not violate the bounds of the exit box. Therefore, test no. MTB-1 was 

determined to be acceptable according to the MASH 2016 safety performance criteria for test 

designation no. 3-11.
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• Test Agency .........................................................................................................MwRSF 

• Test Number .......................................................................................................... MTB-1 

• Date ......................................................................................................November 7, 2018 

• MASH 2016 Test Designation No. ............................................................................. 3-11 

• Test Article.......................................................... NJDOT-Caltrans Modified Thrie Beam 

• Total Length  .............................................................................................. 176 ft – 9/16 in. 

• Key Component – Steel Thrie Beam Guardrail 

Thickness ......................................................................................................12 gauge 

Top Mounting Height ........................................................................................ 34 in. 

• Key Component – Steel Post 

Shape ............................................................................................................. W6x8.5 

Length ............................................................................................................... 81 in. 
Embedment Depth ............................................................................................. 46 in. 

Spacing .............................................................................................................. 75 in. 

• Key Component – Steel Blockout (Post Nos. 3-27) 

Shape ............................................................................................................ W14x22 

• Soil Type  ............................................................................. Coarse, Crushed Limestone 

• Vehicle Make / Model .................................................................. 2012 Dodge Ram 1500 

Curb ............................................................................................................... 5,089 lb 
Test Inertial.................................................................................................... 5,003 lb 

Gross Static.................................................................................................... 5,162 lb 

• Impact Conditions 

Speed ........................................................................................................... 62.9 mph 

Angle ........................................................................................................... 25.4 deg. 

Impact Location .......................................... 11 ft – 5.7 in. upstream from post no. 13 

• Impact Severity ................................. 121.8 kip-ft > 105.6 kip-ft limit from MASH 2016 

• Exit Conditions 

Speed ........................................................................................................... 40.6 mph 

Angle  .......................................................................................................... 15.0 deg. 

• Exit Box Criterion ...................................................................................................... Pass 

• Vehicle Stability ............................................................................................. Satisfactory 

• Vehicle Stopping Distance ............................................................................ 282 ft – 3 in. 

• Vehicle Damage ................................................................................................. Moderate 

VDS [18] ...................................................................................................... 1-RFQ-3 

CDC [19] ................................................................................................ 01-FYEW-3 
Maximum Interior Deformation ....................................................................... 0.6 in. 

 

 

 
 

 

 
 

 

 
 

• Test Article Damage .......................................................................................... Moderate 

• Maximum Test Article Deflections 

Permanent Set ................................................................................................ 27.7 in. 
Dynamic Deflection ....................................................................................... 34.4 in. 

Working Width............................................................................................... 49.3 in. 

• Transducer Data 

Evaluation Criteria 

Transducer 
MASH 2016 

Limit SLICE-1 
SLICE-2 

(primary) 

OIV 

ft/s  

Longitudinal −14.97 −14.34 ±40 

Lateral −15.74 −16.84 ±40 

ORA 

g’s 

Longitudinal −10.35 −10.76 ±20.49 

Lateral −9.55 −9.56 ±20.49 

MAX 

ANGULAR 

DISP. 

deg. 

Roll 4.1 −6.1 ±75 

Pitch −1.3 −2.0 ±75 

Yaw −39.8 −39.5 not required 

THIV – ft/s 20.73 21.21 not required 

PHD – g’s 13.44 13.79 not required 

ASI 0.73 0.75 not required 

 

Figure 40. Summary of Test Results and Sequential Photographs, Test No. MTB-1

0.000 sec 0.122 sec 0.222 sec 0.492 sec 0.574 sec 
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6 DESIGN DETAILS, TEST NO. MTB-2 

The test installation for test no. MTB-2 consisted of a 176-ft – ½-in. long, dual-sided 

modified thrie beam guardrail supported by 33 posts. Design details for the test no. MTB-2 system 

are shown in Figures Figure 41 through Figure 53. Photographs of the system for test no. MTB-2 

are shown in Figure 54 and Figure 55. Material specifications, mill certifications, and certificates 

of conformity for the system materials are shown in Appendix B. 

The dual-sided modified thrie beam test article was constructed based on the NJDOT 

standard plans. The system was nearly identical to the single-sided modified thrie beam system 

with the exception of a second set of blockouts and thrie beam rails installed on the backside of 

the barrier line posts. In addition, the upstream and downstream ends of the guardrail installation 

were configured with a dual, non-proprietary end anchorage systems [8-12]. The guardrail 

anchorage system had a comparable strength to other crashworthy end terminals. The anchorage 

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

and channel struts. Due to the 34-in. height of the modified thrie-beam guardrail, a 10-gauge, 

symmetric W-beam to thrie beam transition section was used to transition down to a 12-gauge, W-

beam rail segment with a top mounting height of 30⅛ in. at each end of the system. This allowed 

for anchorage of the system using typical trailing end anchorage hardware. The only modification 

required was altering the hole location for the post bolt in the BCT posts to adjust for the ⅞-in. 

height difference.  
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Figure 41. System Layout, Test No. MTB-2
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Figure 42. Section Views, Test No. MTB-2
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Figure 43. Splice and Post Detail, Test No. MTB-2
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Figure 44. End Section Details, Test No. MTB-2
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Figure 45. BCT Anchor and Splice Details, Test No. MTB-2
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Figure 46. Post Nos. 3 through 27 Components, Test No. MTB-2
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Figure 47. Foundation Tube and BCT Timber Post Details, Test No. MTB-2
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Figure 48. Ground Strut Details, Test No. MTB-2
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Figure 49. Cable Assembly, Test No. MTB-2
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Figure 50. Guardrail Section Details, Test No. MTB-2
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Figure 51. Rail Transition Details, Test No. MTB-2
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Figure 52. Hardware, Test No. MTB-2
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Figure 53. Bill of Materials, Test No. MTB-2 
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Figure 54. Test Installation Photographs, Test No. MTB-2
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Figure 55. Test Installation Photographs, Test No. MTB-2
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7 FULL-SCALE CRASH TEST NO. MTB-2  

7.1 Static Soil Test  

Before full-scale crash test no. MTB-2 was conducted, the strength of the foundation soil 

was evaluated with a static test, as described in MASH 2016. The static test results, shown in 

Appendix D, demonstrated a soil resistance above the baseline test limits. Thus, the soil provided 

adequate strength, and full-scale crash testing could be conducted on the barrier system. 

7.2 Weather Conditions 

Test no. MTB-2 was conducted on March 22, 2019 at approximately 2:30 p.m. The weather 

conditions as per the National Oceanic and Atmospheric Administration (station 14939/LNK) 

were reported and are shown in Table 8. 

Table 8. Weather Conditions, Test No. MTB-2 

Temperature 63 deg. F 

Humidity 31 percent 

Wind Speed 6 mph 

Wind Direction 200 deg. from True North 

Sky Conditions Partly cloudy 

Visibility 10 Statute Miles 

Pavement Surface Dry 

Previous 3-Day Precipitation 0.00 in. 

Previous 7-Day Precipitation 0.42 in. 

 

7.3 Test Description 

Test no. MTB-2 was conducted under the MASH TL-3 guidelines for test designation no. 

3-10. Test designation no. 3-10 is an impact of the 1100C vehicle at 62 mph and 25 degrees on the 

system. The critical impact point for this test was selected to maximize vehicle snag on the system 

posts and splice loading. Initial vehicle impact was to occur 7 ft – 413/16 in. upstream from post no. 

13, as shown in Figure 56, which was selected using the critical impact point plots found in Section 

2.3 of MASH 2016. The 2,415-lb small car impacted the MTB guardrail at a speed of 63.1 mph 

and an angle of 24.9 deg. The actual point of impact was 1.6 in. upstream from the target location. 

During the test, the vehicle was captured and redirected by the thrie beam guardrail. As the vehicle 

was redirected, the right-front wheel and tire of the vehicle snagged on post no. 13 in the system. 

However, the wheel snag did not adversely affect vehicle stability or the occupant risk values. 

After exiting the system, the vehicle came to rest 187 ft – 7 in. downstream from the impact point 

and 51 ft – 11 in. laterally in front of the barrier after brakes were applied. 

A detailed description of the sequential impact events is contained in Table 9. Sequential 

photographs are shown in Figures 57 and 58. Documentary photographs of the crash test are shown 

in Figures 59 through 61. The vehicle trajectory and final position are shown in Figure 62.
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Figure 56. Vehicle Impact Point, Test No. MTB-2
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Table 9. Sequential Description of Impact Events, Test No. MTB-2 

TIME 

(sec) 
EVENT 

0.000 
Vehicle’s front bumper contacted rail between post nos. 11 and 12 at a speed of 

63.1 mph and an angle of 24.9 deg. 

0.006 Vehicle’s right headlight contacted rail. 

0.018 
Post no. 12 deflected backward, vehicle’s right fender deformed, and vehicle’s 

hood and right fender contacted rail. 

0.022 Post no. 13 deflected backward. 

0.024 Post no. 11 deflected backward. 

0.040 
Post no. 14 deflected backward and soil heave formed on the downstream side of 

post no. 13. 

0.042 Vehicle’s right headlight shattered. 

0.058 Vehicle’s right mirror contacted rail. 

0.067 Vehicle’s right-front tire contacted post no. 13. 

0.074 Vehicle’s right-front door contacted rail. 

0.100 Post no. 15 deflected backward. 

0.102 Rail disengaged from bolt at post no. 14 on non-traffic side. 

0.124 
Post no. 16 deflected backward, soil heave formed on the non-traffic flange of 

post no. 15. 

0.130 Rail disengaged from bolt at post no. 15 on non-traffic side. 

0.144 Vehicle’s right-rear door contacted rail. 

0.146 Vehicle’s right quarter panel contacted rail. 

0.164 Vehicle was parallel to the system at a speed of 46.0 mph. 

0.172 Post no. 16 deflected forward. 

0.174 Vehicle’s right taillight contacted rail. 

0.184 Vehicle’s right taillight became disengaged. 

0.196 Post no. 12 deflected forward. 

0.216 Post no. 13 deflected forward. 

0.244 Post nos. 11 and 14 deflected forward. 

0.300 Post no. 15 deflected forward. 

0.334 Vehicle exited system at a speed of 45.9 mph and an angle of 13.4 deg. 

0.912 System came to a rest. 
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0.000 sec 

 
0.106 sec 

 
0.202 sec 

 
0.298 sec 

 
0.428 sec 

 
0.520 sec 

 
0.000 sec 

 
0.100 sec 

 
0.180 sec 

 
0.300 sec 

 
0.400 sec 

 
0.500 sec

Figure 57. Sequential Photographs, Test No. MTB-2
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0.046 sec 

 
0.106 sec 

 
0.146 sec 

 
0.196 sec 

 
0.246 sec 

 
0.000 sec 

 
0.084 sec 

 
0.164 sec 

 
0.294 sec 

 
0.404 sec 

 
0.564 sec

Figure 58. Additional Sequential Photographs, Test No. MTB-2
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Figure 59. Documentary Photographs, Test No. MTB-2
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Figure 60. Documentary Photographs, Test No. MTB-2
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Figure 61. Documentary Photographs, Test No. MTB-2
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Figure 62. Vehicle Trajectory and Final Position, Test No. MTB-2



July 16, 2020 

MwRSF Report No. TRP-03-417-20 

84 

7.4 Barrier Damage 

Barrier damage was moderate, as shown in Figures 63 through 65, mainly consisting of 

bending, kinking, denting, and contact marks on the front face of the rail. The length of vehicle 

contact along the barrier was approximately 17 ft – 3 in., which spanned from 22 in. upstream 

from post no. 12 to 38 in. downstream from post no. 14. 

A 17 ft – 3-in. long contact mark was found on the bottom corrugation beginning 22 in. 

upstream from post no. 12. A 13-ft – 5-in. long contact mark was found on the middle corrugation, 

beginning 22 in. upstream from post no. 12. A 12-ft – 7-in. long contact mark was found on the 

top corrugation, beginning 12 in. upstream from post no. 12. A small contact mark was found on 

the top front face of the blockout at post no. 12. Dents were found on the middle corrugation 22 

in. and 33 in. downstream from post no. 12. The rail bent backward and was slightly flattened 

between post nos. 12 and 14. The bottom corrugation at post no. 12 bent outward 1 in. The bottom 

corrugation at post no. 14 bent outward ¾ in. and the backing plate on the non-traffic side detached 

as a result of bolt pull out. A 1-in. long gap between the guardrail and backing plate was found on 

the non-traffic side blockout at post no. 16. Various kinks were found on the rail between post nos. 

10 and 15. 

Post nos. 10 and 12 rotated clockwise. The lower front flange on the traffic-side blockouts 

at post nos. 11 through 14 were bent inward 10 in. from the top. The non-traffic-side blockouts at 

post nos. 12 and 13 bent slightly near the bottom. Contact marks were noted on the flanged of post 

no. 13 due to wheel and tire contact. Bolt pullout occurred on the non-traffic side at post nos. 14 

and 15, and at post no. 15 the bolt was removed entirely. The traffic-side blockout at post no. 15 

bent 11 in. from its top. The front flange of the traffic-side blockout at post no. 16 bent slightly at 

the top. Soil gaps were found around post nos. 11 through 16. Soil heave formed around post nos. 

12 thorough 15. No damage was observed on the remainder of the posts. 
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Figure 63. System Damage, Test No. MTB-2
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Figure 64. Traffic-Side Damage, Post Nos. 12 through 15, Test No. MTB-2
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Figure 65. Damage between Post Nos. 12 through 15, Test No. MTB-2
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The maximum lateral permanent set of the barrier system was 7.6 in., which occurred at 

post no. 13, as measured via GPS. The maximum lateral dynamic barrier deflection, was 16.1 in. 

at post no. 13, as determined from high-speed digital video analysis. The working width of the 

system was found to be 56.0 in., also determined from high-speed digital video analysis. A 

schematic of the permanent set deflection, dynamic deflection, and working width is shown in 

Figure 66. 

 

Figure 66. Permanent Set Deflection, Dynamic Deflection, and Working Width, Test No. MTB-2 

7.5 Vehicle Damage 

Damage to the vehicle was moderate, as shown in Figures 67 through 70. The maximum 

occupant compartment intrusions are listed in Table 10, along with the intrusion limits established 

in MASH 2016 for various areas of the occupant compartment. MASH 2016 defines intrusion or 

deformation as the occupant compartment being deformed and reduced in size with no observed 

penetration. There were no penetrations into the occupant compartment and none of the established 

MASH 2016 deformation limits were violated. Complete occupant compartment and vehicle 

deformations and the corresponding locations are provided in Appendix E.
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Figure 67. Vehicle Damage, Test No. MTB-2
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Figure 68. Vehicle Damage, Test No. MTB-2
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Figure 69. Occupant Compartment Damage, Test No. MTB-2
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Figure 70. Vehicle Undercarriage Damage, Test No. MTB-2
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Table 10. Maximum Occupant Compartment Intrusions by Location, Test No. MTB-2 

LOCATION 

MAXIMUM 

INTRUSION 

in. 

MASH 2016 ALLOWABLE 

INTRUSION 

in. 

Wheel Well & Toe Pan 0.5 ≤ 9 

Floor Pan & Transmission Tunnel 0.3 ≤ 12 

A-Pillar 0.2 ≤ 5 

A-Pillar (Lateral) −0.2 N/A2 

B-Pillar 0.2 ≤ 5 

B-Pillar (Lateral) 0.2 ≤ 3 

Side Front Panel (in Front of A-Pillar) 0.1 ≤ 12 

Side Door (Above Seat) 0.1 ≤ 9 

Side Door (Below Seat) −0.7 N/A2 

Roof 0.1 ≤ 4 

Windshield 0 ≤ 3 

Side Window Intact 
No shattering resulting from contact 

with structural member of test article 

Dash 0.4 N/A1 

Note: Negative values denote outward deformation 

N/A1 – No MASH 2016 criteria exist for this location 

N/A2 – MASH 2016 criteria are not applicable when deformation is outward  

The majority of the damage was concentrated on the right-front corner and the right side 

where impact occurred. The hood kinked on the right side. The front bumper detached, and the 

right-front quarter panel was deformed inward and scraped. The right-front door was deformed 

inward along its length and dented near the handle. The right-rear door was dented and scraped 

along its length. The right-rear quarter panel was crushed inward and scraped along its length. The 

right-rear wheel well was crushed inward, and the right-front wheel was dented due to contact with 

post no. 13. The right taillight was broken, and the cover was disengaged. The windshield was 

cracked and buckled outward. The rest of the window glass and roof were undamaged. The right-

side spring perch was bent. The right lower control arm was bent backward. The front cross 

member of the vehicle was bent upward near the mid point. 

7.6 Occupant Risk 

The calculated occupant impact velocities (OIVs) and maximum 0.010-sec average 

occupant ridedown accelerations (ORAs) in both the longitudinal and lateral directions, as 

determined from the accelerometer data, are shown in Table 11. Note that the OIVs and ORAs 

were within suggested limits, as provided in MASH 2016. The calculated THIV, PHD, and ASI 

values are also shown in Table 11. The results of the occupant risk analysis are summarized in 

Figure 71. The recorded data from the accelerometers and rate transducers are shown graphically 

in Appendix F. 
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Table 11. Summary of OIV, ORA, THIV, PHD, and ASI Values, Test No. MTB-2 

Evaluation Criteria 

Transducer 
MASH 2016 

Limits SLICE-1 

(primary) 
SLICE-2 

OIV 

ft/s 

Longitudinal −16.73 −17.76 ±40 

Lateral −24.18 −23.39 ±40 

ORA 

g’s 

Longitudinal −7.27 −5.45 ±20.49 

Lateral −10.62 −10.93 ±20.49 

MAX. 

ANGULAR 

DISPL. 

deg. 

Roll 6.9 −8.9 ±75 

Pitch −3.7 −4.3 ±75 

Yaw −35.6 −36.2 not required 

THIV 

ft/s 
27.31 25.15 not required 

PHD 

g’s 
11.20 11.46 not required 

ASI 1.29 1.21 not required 

 

7.7 Discussion 

The analysis of the test results for test no. MTB-2 showed that the system adequately 

contained and redirected the 1100C vehicle with controlled lateral displacements of the barrier. A 

summary of the test results and sequential photographs are shown in Figure 71. Detached elements, 

fragments, or other debris from the test article did not penetrate or show potential for penetrating 

the occupant compartment, or present an undue hazard to other traffic, pedestrians, or work-zone 

personnel. Deformations of, or intrusions into, the occupant compartment that could have caused 

serious injury did not occur. The test vehicle did not penetrate nor ride over the barrier and 

remained upright during and after the collision. Vehicle roll, pitch, and yaw angular displacements, 

as shown in Appendix F, were deemed acceptable, because they did not adversely influence 

occupant risk nor cause rollover. After impact, the vehicle exited the barrier at an angle of 13.4 

deg., and its trajectory did not violate the bounds of the exit box. Therefore, test no. MTB-2 was 

determined to be acceptable according to the MASH 2016 safety performance criteria for test 

designation no. 3-10.
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• Test Agency .........................................................................................................MwRSF 

• Test Number .......................................................................................................... MTB-2 

• Date .......................................................................................................... March 22, 2019 

• MASH 2016 Test Designation No. ............................................................................. 3-10 

• Test Article.......................................................... NJDOT-Caltrans Modified Thrie Beam 

• Total Length  ............................................................................................... 176 ft – ½  in. 

• Key Component – Steel Thrie Beam Guardrail 

Thickness ......................................................................................................12 gauge 
Top Mounting Height ........................................................................................ 34 in. 

• Key Component – Steel Post 

Shape ............................................................................................................. W6x8.5 

Length ............................................................................................................... 81 in. 

Embedment Depth ............................................................................................. 46 in. 
Spacing .............................................................................................................. 75 in. 

• Key Component – Steel Blockout (Post Nos. 3-27) 

Shape ............................................................................................................ W14x22 

• Soil Type  ............................................................................. Coarse, Crushed Limestone 

• Vehicle Make / Model .................................................................................. 2009 Kia Rio 

Curb ............................................................................................................... 2,497 lb 

Test Inertial.................................................................................................... 2,415 lb 
Gross Static.................................................................................................... 2,579 lb 

• Impact Conditions 

Speed ........................................................................................................... 63.1 mph 

Angle ........................................................................................................... 24.9 deg. 

Impact Location ............................................ 7 ft – 6.4 in. upstream from post no. 13 

• Impact Severity ........................................ 57.2 kip-ft > 51 kip-ft limit from MASH 2016 

• Exit Conditions 

Speed ........................................................................................................... 45.9 mph 

Angle ........................................................................................................... 13.4 deg. 

• Vehicle Stability ............................................................................................. Satisfactory 

• Vehicle Stopping Distance ............................................................................ 187 ft – 7 in. 

• Exit Box Criterion ...................................................................................................... Pass 

 

 

 

 
 

 

 

• Vehicle Damage ................................................................................................. Moderate 

VDS [18] ...................................................................................................... 1-FRQ-3 

CDC [19] ................................................................................................. 01-FDEW-9 
Maximum Interior Deformation ....................................................................... 0.5 in. 

• Test Article Damage .......................................................................................... Moderate 

• Maximum Test Article Deflections 

Permanent Set .................................................................................................. 7.6 in. 
Dynamic ......................................................................................................... 16.1 in. 

Working Width............................................................................................... 56.0 in. 

• Transducer Data 

Evaluation Criteria 

Transducer 
MASH 2016 

Limit 
SLICE-1 

(primary) 
SLICE-2 

OIV 

ft/s  

Longitudinal −16.73 −17.76 ±40 

Lateral −24.18 −23.39 ±40 

ORA 

g’s 

Longitudinal −7.27 −5.45 ±20.49 

Lateral −10.62 −10.93 ±20.49 

MAX 

ANGULAR 

DISP. 

deg. 

Roll 6.9 −8.9 ±75 

Pitch −3.7 −4.3 ±75 

Yaw −35.6 −36.2 not required 

THIV – ft/s 27.31 25.15 not required 

PHD – g’s 11.20 11.46 not required 

ASI 1.29 1.21 not required 

 

Figure 71. Summary of Test Results and Sequential Photographs, Test No. MTB-2

0.000 sec 0.110 sec 0.164sec 0.310 sec 0.390 sec 
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8 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

The research detailed in the report describes the full-scale crash testing and evaluation of 

the modified thrie beam guardrail system to MASH TL-3 in both a single-sided roadside 

configuration and a dual-sided median barrier configuration. Two full-scale crash tests are required 

to evaluate a longitudinal barrier such as the modified thrie beam guardrail. Review of the system 

configurations and test requirements led the researchers to determine that test designation no. 3-11 

was critical for evaluation of the single-sided roadside configuration in order to maximize 

structural loading of the barrier system, evaluate the potential for collapse of the wide flange of 

the blockouts, and determine the maximum dynamic deflection and working width. Test 

designation no. 3-10 was selected to evaluate the dual-sided median barrier configuration as this 

configuration would tend to produce increased loading and occupant risk values for the small car 

and increase the propensity for vehicle snag on the post due to the higher stiffness and reduced 

dynamic deflection of the dual-sided configuration. Previous evaluation of the T-39 thrie beam 

barrier for both roadside and median versions followed a similar methodology [8]. Thus, two full-

scale crash tests were conducted for evaluation of the modified thrie-beam guardrail. 

Test no. MTB-1 consisted of test designation no. 3-11, in which a 5,003-lb quad cab pickup 

truck impacted the MTB guardrail at a speed of 62.9 mph and an angle of 25.4 deg., resulting in 

an impact severity of 121.8 kip-ft. Impact occurred 11 ft – 5.7 in. upstream from post no. 13, and 

the vehicle exited the system at a speed of 40.7 mph and an angle of 15.0 deg. The vehicle was 

contained and smoothly redirected with moderate damage to both the system and vehicle. 

Detached elements, fragments, or other debris from the test article did not penetrate or show 

potential for penetrating the occupant compartment. All vehicle decelerations, ORAs, and OIVs 

fell within the recommended safety limits established in MASH 2016. Therefore, test no. MTB-1 

was successful according to the safety criteria of MASH 2016 test designation no. 3-11. 

Test no. MTB-2 consisted of test designation no. 3-10, in which a 2,415-lb small car 

impacted the MTB guardrail at a speed of 63.1 mph and an angle of 24.9 deg., resulting in an 

impact severity of 57.2 kip-ft. Impact occurred 7 ft – 6.4 in. upstream from post no. 13, and the 

vehicle exited the system at a speed of 45.9 mph and an angle of 13.4 deg. The vehicle was 

contained and smoothly redirected with moderate damage to both the system and vehicle. 

Detached elements, fragments, or other debris from the test article did not penetrate or show 

potential for penetrating the occupant compartment. All vehicle decelerations, ORAs, and OIVs 

fell within the recommended safety limits established in MASH 2016. Therefore, test no. MTB-2 

was successful according to the safety criteria of MASH 2016 test designation no. 3-10. A 

summary of the safety performance evaluation for both tests is provided in Table 12. 

Based on the results of the two successful full-scale crash tests conducted in this study, the 

modified thrie-beam guardrail system meets all safety requirements for MASH 2016 TL-3 for both 

single-sided roadside and dual-sided median configurations. 
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Table 12. Summary of Safety Performance Evaluation 

Evaluation 

Factors 
Evaluation Criteria 

Test No. 

MTB-1 

Test No.  

MTB-2 

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. 

S S 

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. 

S S 

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

maximum roll and pitch angles are not to exceed 75 deg. 
S S 

H. Occupant Impact Velocity (OIV) (see Appendix A, Section A5.3 of 

MASH for calculation procedure) should satisfy the following limits: 

S S  Occupant Impact Velocity Limits 

Component Preferred Maximum 

Longitudinal and Lateral 30 ft/s 40 ft/s 

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

Section A5.3 of MASH for calculation procedure) should satisfy the 

following limits: 

S S 
 Occupant Ridedown Acceleration Limits  

Component Preferred Maximum 

Longitudinal and Lateral 15.0 g’s 20.49 g’s 

MASH Test Designation Number 3-11 3-10 

Pass/Fail Pass Pass 

 S – Satisfactory  U – Unsatisfactory  NA – Not Applicable
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9 RECOMMENDATIONS 

The MASH TL-3 modified thrie beam guardrail systems detailed herein was evaluated 

using a basic test configuration on level terrain in both roadside and median configurations. Real-

world installations will have other considerations for the application of the design that should be 

considered. The following sections provide recommendations for implementation of the modified 

thrie beam guardrail.  

9.1 MASH TL-4 

The modified thrie beam guardrail system was previously successfully tested to NCHRP 

Report No. 350 TL-4. Based on its previous use as a TL-4 system, users may desire to use the 

modified thrie beam guardrail as a TL-4 barrier under MASH as well. While the design of the 

modified thrie beam guardrail system may have increased capacity as compared to standard 

W-beam guardrails due to its mounting height and use of thrie beam rail elements, there are 

concerns with its ability to meet MASH TL-4 safety criteria. Test designation no. 4-12 required 

for MASH TL-4 consists of a 22,000-lb single unit truck (SUT) impacting the barrier at 56 mph 

and an angle of 15 degrees. This test differs significantly from test designation no. 4-12 in NCHRP 

Report No. 350, which consists of a 17,637-lb SUT vehicle impacting the barrier at 49.7 mph and 

an angle of 15 degrees. The increased mass and speed required in MASH test designation no. 4-12 

has led to increased barrier loads during crash testing of TL-4 barriers. Additionally, rigid barrier 

heights required to meet MASH TL-4 have increased to 36 in. in order to capture and contain the 

SUT vehicle. Based on the increased MASH TL-4 requirements, it is unknown if the modified 

thrie beam guardrail can effectively meet MASH TL-4 without full-scale crash testing. 

9.2 Transitioning to the MGS 

For certain applications, such as terminating the barrier system, end users may wish to 

transition the modified thrie beam guardrail to the MGS. This transition requires both a transition 

in the beam section, a guardrail height transition, and a transition of the splices to the midspan 

between posts. It is recommended that a 10-gauge symmetrical W-to-thrie transition section be 

used to accomplish the rail section transition from thrie beam to W-beam. The symmetrical W-to-

thrie transition section will also transition the rail height from a 34-in. tall thrie beam down to a 

30⅛-in. tall W-beam guardrail. In order to reach the nominal 31-in. height of the MGS, it is 

recommended that the height of the W-beam rail be transitioned up ⅞ in. over one 12½-ft long W-

beam segment.  

If transitioning to the MGS, there is a need to transition the splices to the midspan as well. 

It is recommended that this be accomplished by placing the first post downstream from the 

symmetrical W-to-thrie transition piece at ½ post spacing and then using standard spacing from 

that point on. A schematic of the recommended transition is shown in Figure 72. The total length 

of the transition is 18.75 ft. 

It should be noted that the proposed transition design is based on the best currently 

available transition research and engineering judgment. Further analysis and full-scale crash 

testing would be required to verify the performance of the transition.  
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Figure 72. Modified Thrie Beam Transition to MGS 
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9.3 Guardrail Terminals and Anchorages 

It should also be noted that the modified thrie beam guardrail system constructed for use 

in this testing program utilized trailing end cable anchorages installed on each end of the barrier 

system. The function of these cable anchorages was to develop the appropriate rail tension required 

to simulate a typical field installation of the barrier which would typically be longer than a standard 

test installation and have some form of anchorage on each end. Note that these anchors were 

installed after transitioning to W-beam guardrail such that a standard trailing end anchorage could 

be employed. No current trailing end anchorage or end terminal design has been full-scale tested 

for use with modified thrie beam guardrail. Thus, it is recommended that field installations of the 

modified thrie beam guardrail transition to MGS guardrail at the end of the system and then employ 

a MASH tested trailing end anchorage or end terminal design. Details on transitioning to the MGS 

are contained in the previous section.  

Guardrail terminals are sensitive systems that have been carefully designed to satisfy safety 

performance standards. Thus, installation of the modified thrie beam guardrail within the length 

that a terminal requires to function properly could degrade the system’s crashworthiness. Thus, for 

energy absorbing terminals, it is recommended to have a minimum length of 12.5 ft of standard 

MGS between the inner end of a guardrail terminal, identified by system stroke length, and the 

transition to the modified thrie beam guardrail, as shown in Figure 73.  

Non-energy absorbing terminals typically flare away from the roadway utilizing either an 

angled or parabolic geometry. Both geometric layouts result in increased effective impact angles, 

which result in increased system deflections for impacts on or near the flared terminal. Due to the 

increase in system deflections associated with guardrail flares, at least 25 ft of tangent MGS should 

be used to separate a flared guardrail terminal and the transition to the modified thrie beam 

guardrail, as shown in Figure 73.  

Installation of the modified thrie beam guardrail near W-beam guardrail trailing end 

anchorages may also affect system performance. Guidance has been previously provided for 

length-of-need and working width for MGS trailing-end anchorages [9-10]. However, modified 

thrie beam guardrail near W-beam trailing end anchorages would likely change system 

performance and make previous recommendations for the trailing end terminal behavior invalid. 

From the noted study, impacts beyond 43.75 ft from the end post resulted in consistent redirection 

and working width. In order to ensure that the modified thrie beam does not affect the performance 

of the W-beam trailing end anchorage, it would be conservative to place the modified thrie beam 

and associated transition to the MGS outside of the region 43.75 ft from the end post of the 

anchorage. Thus, it is recommended that the modified thrie beam guardrail and the associated 

transition to the MGS be located a minimum of 46 ft 10-½ in. from the downstream end of the 

trailing end anchorage, as shown in Figure 73. 

Note that the dual-sided median version of the modified thrie beam guardrail would require 

a MASH TL-3 crashworthy median terminal for the W-beam guardrail. Trailing end terminals may 

not be applicable for the dual-sided median version of the modified thrie beam guardrail due to the 

potential for impact from reverse direction traffic unless the end of the system is outside the clear 

zone for both traffic directions. Similarly, there are no non-energy absorbing, median end 

terminals. Thus, implementation of energy-absorbing guardrail terminals with the dual-sided 

median version of the modified thrie beam guardrail should follow similar guidance as the roadside 
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version in terms of the transitioning to the MGS and the location of terminal relative to the 

modified thrie beam.  

End users may also want to consult with the manufacturers of the end terminal systems for 

any additional guidance or information that they can provide.  

 
 

 

Figure 73. Recommended Distance between Modified Thrie Beam and (a) Energy-Absorbing 

Terminals, (b) Flared Terminals, and (c) Trailing-End Guardrail Anchorages 

9.4 Transitioning to Thrie-Beam AGTs 

Another consideration for implementation of the modified thrie beam guardrail system is 

the attachment of the system directly to a thrie-beam approach guardrail transition (AGT). It is 

recommended that the modified thrie beam guardrail be attached to a MASH-compliant thrie beam 

AGT that is crashworthy at both the upstream stiffness transition and the attachment to the bridge 

rail or parapet. MwRSF has previously developed an upstream stiffness transition for use when 

transitioning between the MGS and thrie beam AGTs [20-21]. This upstream stiffness transition 

should be applicable to the modified thrie beam as well because the barrier system would have 

similar or greater stiffness than the MGS system. Details on attachment of the upstream stiffness 

transition from the MGS to a variety of crashworthy thrie beam AGTs were described in the 

original research reports.  

A schematic outlining the basic parts of a thrie beam AGT and upstream stiffness transition 

to the MGS is shown in Figure 74. Application of the MGS upstream stiffness transition to the 

connection of the modified thrie beam to a MASH compliant thrie beam AGT should not require 

transitioning of the rail element as the modified thrie beam and the AGT both use thrie beam rail 

(c) 

(b) 

(a) 
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elements. However, in order to apply the previously developed upstream stiffness transition to a 

crashworthy thrie beam AGT, several minor adjustments to the basic schematic in Figure 74 are 

needed.  

1. The MASH TL-3 thrie beam AGT region on the downstream end of the transition can 

use the post spacing and rail configuration of any MASH TL-3 compliant AGT. It 

should be noted that the selected MASH TL-3 compliant AGT should be compatible 

with the bridge rail/end buttress being used. 

2. In the upstream stiffness transition region, the 6.25-ft long, 10-gauge W- to thrie 

transition section and the 6.25-ft long, 12-gauge thrie beam are replaced by a single 

12.5-ft long thrie beam section.  

3. In the upstream stiffness transition region, it is recommended to use the same W6x8.5 

or W6x9 posts at the same spacing used in the original MASH-tested design. Note that 

end users could elect to use up to 81-in. long posts in that region as well if it was desired 

to limit the number of post types in the system. For example, many thrie beam AGTs 

use 78-in. long posts at reduced post spacing and the modified thrie beam uses 81-in. 

long posts. As such, it may be desired to use one of these post alternatives to limit the 

number of post types in inventory. It is believed that this increase in the post depth 

would not negatively affect the upstream stiffness transition region as the modified 

thrie beam is already using 81-in. long posts.  

4. In the upstream stiffness transition region, it is recommended to use 6-in. x 12-in. x 

19-in. southern yellow pine blockouts. These blockouts are required in the upstream 

stiffness transition to reduce vehicle snag on the posts in that region. During MASH 

TL-3 testing of the upstream stiffness transition, researchers observed significant wheel 

snag with the small car and pickup truck on the posts in the upstream stiffness transition 

area where the vehicle engaged in the ½ post spacing. As such, there is concern with 

reducing blockout depth in that region. Additionally, it is not recommended to use the 

W14x22 blockouts from the modified thrie beam in that region due to their tendency 

to collapse in the web and potentially reduce their effective depth which may similarly 

increase the snag concern. MwRSF has also previously recommended the use of an 

alternative HSS 12x4x¼ by 17.5-in. long blockout for the upstream stiffness transition 

[22], as shown in Figure 75. Note that Figure 75 also depicts a 6-in. x 12-in. x 18-in. 

southern yellow pine blockout. This slightly shorter timber blockout is also acceptable 

for use in the upstream stiffness transition region.  

5. The first post on the upstream end of the upstream stiffness transition can be removed. 

This post exists in the transition from MGS to a bridge rail to provide an improved 

stiffness transition and aid in aligning the splices with the posts for the AGT. Because 

the modified thrie beam system has splices at the posts by default, the need to transition 

the splice location is eliminated. Additionally, the consistent post spacing and the 

increased stiffness and reduced deflection of the modified thrie beam system on the 

upstream end of the transition eliminate the need for this post to provide an adequate 

transition in stiffness.  
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Figure 74. Schematic of Upstream Stiffness Transition from MGS to MASH TL-3 Thrie Beam AGT 



 

 

Ju
ly

 1
6

, 2
0

2
0
 

M
w

R
S

F
 R

ep
o

rt N
o
. T

R
P

-0
3

-4
1
7
-2

0
 

1
0
4
 

 

Figure 75. Alternative Steel Tube Blockout 
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6. Following the single 12.5-ft long thrie beam section, the modified thrie beam can be 

attached. The modified thrie beam will start at the 31-in. mounting height of the AGT 

and then transition to the standard modified thrie beam height of 34 in. over a distance 

of 25 ft to 50 ft. MwRSF and FHWA have previously had recommended height 

transitions for the MGS over similar lengths.  

7. Following the height transition for the modified thrie beam, standard modified thrie 

beam as evaluated in this research study is applied.  

8. Note that the use of curbs within the transition region would follow guidance published 

previously relative to AGTs and curbs [23]. 

As an example, a conversion from an existing AGT from MGS to a bridge rail has been 

completed in Figure 76. The existing AGT design consisted of the MGS guardrail, the MASH 

TL-3 tested upstream stiffness transition, and a MASH TL-3 compliant thrie beam transition to 

bridge rail, commonly called the “Iowa Transition,” that utilizes 6.5-ft long, W6x8.5 or W6x9 

posts at ¼ post spacing [24]. The conversion shown implements the transition conversion guidance 

above to an existing AGT design.  

Note that the design shown in Figure 76 is very similar to the typical AGT design used by 

the New Jersey Department of Transportation with the exceptions that the New Jersey system uses 

a curb in the region adjacent to the bridge rail and uses slightly longer 86-in. long posts in the 

nested thrie beam region adjacent to the bridge rail. Both of these variations used by the New 

Jersey Department of Transportation would be acceptable within the recommendations for 

transitioning from modified thrie beam to existing AGTs.  

Alternatively, MwRSF has evaluated a 34-in. tall AGT that uses the standardized end 

buttress developed through the Midwest Pooled Fund Program [25]. If desired, end users could 

apply this AGT design to attach to the modified thrie beam without a height transition. The basic 

configuration of the transition would be the same as the 31-in. tall transition detailed previously, 

except that there would be no height transition and the 34-in. tall modified thrie beam would be 

attached directly following the single 12.5-ft long thrie beam section. In order to use this 

alternative, the AGT would have to be attached to the standardized end buttress designed for 34-in. 

tall AGTs. 

End users may also be interested in attachment of the modified thrie beam to MASH TL-2 

compliant thrie beam approach guardrail transitions. Currently, only one thrie beam approach 

guardrail transition has been evaluated to MASH TL-2. The thrie beam approach guardrail 

transition shown in Figure 77 was evaluated to MASH TL-2 through three full-scale crash tests at 

TTI [26]. This TL-2 thrie beam AGT was identical to the previous MASH TL-3 upstream stiffness 

transition for thrie beam AGTs developed at MwRSF upstream of the downstream end of the W-

to-thrie transition section. As such, the basic guidance provided previously for transitioning from 

modified thrie beam to MASH TL-3 AGTs would also apply to transitioning to the MASH TL-2 

AGT system. However, there are three additional points that should be made with respect to 

attachment to the MASH TL-2 AGT design.
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1. The MASH TL-2 AGT design evaluated at TTI utilized 8-in. deep blockouts in the 

AGT rather than 12-in. deep blockouts. As such, the use of 8-in. deep blockouts or 12-

in. deep blockouts would be appropriate for the attachment of the modified thrie beam 

to the MASH TL-2 AGT.  

2. The MASH TL-2 AGT design evaluated at TTI used a 37 ½-in. long, 10-gauge thrie 

beam section between the W-to-thrie transition section and the end shoe attachment to 

the parapet. Thus, it is recommended that the W-to-thrie transition section and the 37 

½-in. long, 10-gauge thrie beam section be replaced with a single 112 ½-in. long, 10-

gauge or nested 12 gauge thrie beam section. 

3. The MASH TL-2 AGT design evaluated at TTI was attached to a 36-in tall, single-

slope parapet with a vertical taper over the final 3 ft of the parapet to reduce snag. It is 

believed that either this parapet shape or other parapet shapes that have been utilized 

with MASH TL-3 thrie beam AGTs could be applied for the TL-2 approach guardrail 

transition. 

As an example, a conversion from the existing MASH TL-2 AGT has been completed in Figure 

78. 

A final note should be made with respect to transitioning from the downstream end of a 

bridge back to the modified thrie beam. If the downstream end of the bridge is within the clear 

zone for opposing traffic, then attachment of modified thrie beam should follow the guidance listed 

above for approach guardrail transitions. If the downstream end of the bridge is not within the clear 

zone for opposing traffic, it is often desirable to attached guardrail directly to the downstream end 

of the bridge parapet without a transition. In this scenario, the transition from a rigid parapet to the 

semi-flexible guardrail poses less of a risk for pocketing or snagging. As a result, the departing 

transition is typically designed to be much simpler (i.e., using only W-beam guardrail at standard 

post spacing rather than the post configurations used in typical approach guardrail transition 

systems). 

The main concern with this type of simplified downstream transition from bridge rails is 

increased rail loading. The rigid concrete barrier will not deflect, thus potentially producing high 

tensile and/or shear forces in the rail at the edge of the rigid parapet that may result in tearing or 

rupture. This concern could be mitigated somewhat by the location of the first post downstream of 

the bridge rail. By placing the first downstream post closer to the end of the bridge rail, the 

propensity for the rail to be bent around the end of the bridge would be lowered. Thus, it may be 

worth considering placement of the first post 3.125 ft (quarter post spacing) or less from the end 

of the downstream bridge end. Additionally, modified thrie beam has considerably more cross-

sectional area and capacity than W-beam guardrail. While W-beam guardrail ruptures have been 

observed in crash testing of stiffened barrier systems, thrie beam ruptures are relatively rare. This 

would indicate that the propensity for potential rail failure would be significantly less for a 

modified thrie beam guardrail transitioning directly off the downstream end of a bridge rail.  

As such, the following recommendations can be made with respect to transitioning from 

the downstream end of a bridge rail to modified thrie beam. First, if the bridge end/modified thrie 

beam is within the clear zone of opposing traffic, then the recommendations for approach guardrail 

transitioning of modified thrie beam guardrail should be used on the downstream end of the bridge 
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rail. Second, if the bridge end/modified thrie beam is outside of the clear zone of opposing traffic, 

it is believed that modified thrie beam can safely be attached directly to the end of the bridge rail 

as long as the following factors are met: first, standard thrie beam end connection hardware is used 

to attach the thrie beam rail to the parapet (terminal connectors, anchorage, etc.); and second, the 

first post downstream of the bridge rail should be 3.125 ft or less from the end of the parapet to 

limit rail loads.  

It should be noted that the proposed transition designs recommended herein are based on 

the best currently available transition research and engineering judgment. Further analysis and full-

scale crash testing would be required to fully verify the performance of the transitions.  
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Figure 76. Modified Thrie Beam Transition to Thrie-Beam AGTs 
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Figure 77. MASH TL-2 Thrie Beam Approach Guardrail Transition 
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Figure 78. Modified Thrie Beam Transition to MASH TL-2 Thrie-Beam AGT 
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9.5 Working Width – Lateral Offset 

During the crash testing program, test designation no. 3-11, test no. MTB-1, was conducted 

on the single sided roadside configuration of the modified thrie beam guardrail as this combination 

was expected to generate the maximum dynamic deflection for the barrier system. Working width 

of the system would be affected differently as the width of the overall particular version of the 

barrier factors into its determination. For example, the working width of the median version of the 

barrier is at least 40-1/8 in. based on the width of the system. The maximum dynamic deflection 

and working width observed in test no. MTB-1 were 34.4 in. and 49.3 in., respectively. These 

values should be applied to determine acceptable lateral offsets for the single-sided roadside 

version of the modified thrie beam system. While it is likely that the median barrier configuration 

would exhibit reduced dynamic deflection under test designation no. 3-11 than the single-sided 

roadside configuration, determination of the dynamic deflection and working width for the median 

barrier configuration would require further research and analysis through simulation or full-scale 

crash testing. As such, it is recommended that the dynamic deflection from test no. 3-11 on single-

sided modified thrie beam be combined with the overall system width of the dual-sided barrier to 

estimate the working width for the dual-sided modified thrie beam under MASH TL-3 impacts. 

This would yield a conservative estimated working width value of 74 ½ in. for the dual-sided 

modified thrie beam system under MASH TL-3. As noted above, actual working widths would 

likely be considerably lower.  

9.6 Grading Requirements 

As with any barrier system, grading of the terrain adjacent to the modified thrie beam 

guardrail is an important aspect of its installation to ensure proper function of the system. The 

modified thrie beam guardrail should be installed on a maximum grade of 10H:1V as noted in the 

Roadside Design Guide [27]. Previous research under NCHRP Report No. 350 indicated that 

approach slopes as steep as 8H:1V could be accommodated by the MGS for limited offsets [28]. 

This may suggest that the increased rail height and thrie beam coverage provided by modified thrie 

beam guardrail could potentially allow for the use of steeper approach slopes than the 10H:1V 

slope recommended above. However, additional research and testing would be required to confirm 

and define performance limits of the barrier with respect to steeper approach slopes.  

Installation of the median barrier configuration of the modified thrie beam guardrail in v-

ditches or flat-bottom ditches with slopes greater than 10H:1V is not recommended at this time. 

Research and full-scale crash testing of cable median barriers has indicated that traversal of v-

ditches with 6H:1V and 4H:1V slopes can significantly affect barrier performance in terms of 

vehicle capture and stability. Thus, it is anticipated that similar issues with barrier performance 

may occur if the median modified thrie beam guardrail is installed in ditches with slopes greater 

than 10H:1V.  

End users also often use longitudinal barrier systems to shield steep slopes. Typically, 2 ft 

of level terrain is recommended to be placed behind W-beam guardrail systems to ensure 

development of adequate post-soil forces. A similar offset would be 2 ft recommended for the 

modified thrie beam guardrail evaluated herein. Note that the MGS has been successfully 

evaluated at MASH TL-3 when installed at the slope break point of 2H:1V slopes or flatter slopes 

with 6-ft long posts at standard 75-in. post spacing [29]. Modified thrie beam guardrail uses the 
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same posts section as the MGS with 6-in. deeper embedment. The top rail height of the modified 

thrie beam is 3 in. higher than the MGS, but the thrie beam rail element on modified thrie beam 

guardrail extends 411/16 in. lower than the MGS. As such, modified thrie beam would be expected 

to have similar or improved vehicle capture and increased post-soil restive forces as compared to 

the standard MGS installed at the slope break point of a 2H:1V slope. Thus, it is believed that 

modified thrie beam would perform acceptably under MASH TL-3 impact conditions when 

installed at the slope break point of 2H:1V or shallower slopes. It should be noted that this 

recommendation is based on the best currently available research and engineering judgment. 

Further analysis and full-scale crash testing would be required to fully verify the performance of 

the modified thrie beam adjacent to slopes. 

9.7 Curbs 

There may be a desire to install the modified thrie beam guardrail adjacent to a curb and 

gutter to address water flow and drainage issues. It is known that vehicle traversal of curbs can 

affect vehicle trajectory, including vehicle pitch and the height of the vehicle bumper and front-

end structure. Thus, impacts that include a traversal of the curb prior to impact with the barrier 

may affect the vehicle trajectory and capture. Additionally, previous full-scale testing of guardrail 

with curbs had indicated the potential for increased rail loads and rail rupture due to increased post 

embedment and wedging of the vehicle underneath the guardrail. Previous testing of the MGS with 

curbs has indicated that the MGS is capable of meeting MASH TL-3 if the curb offset for a 6-in. 

tall AASHTO Type B curb is less than or equal to 6 in. in front of the face of rail [30]. However, 

no full-scale testing has been conducted on thrie-beam guardrail adjacent to curb to prove that it 

provides similar performance.  

There are concerns with using modified thrie beam guardrail adjacent to curbs. Previous 

testing of upstream stiffness transitions for thrie beam AGTs have shown a tendency for small car 

vehicles to become wedged between the curb and the bottom of the rail segment, which increases 

the deceleration of the small car and increases the loading of the rail element [23]. There is an 

additional concern with respect to impacts on modified thrie beam guardrail adjacent to curb with 

the 2270P pickup truck vehicle in terms of vehicle capture. Because the use of the curb reduces 

the clear space between the bottom of the guardrail and the ground or curb, there is potential for 

the pickup truck wheel to ride up the curb and then continue to ride up the rail. This may lead to 

poor vehicle capture and vaulting of the vehicle. A similar behavior was observed in early testing 

of the thrie beam bullnose barrier under NCHRP Report No. 350 [31-33].  

As such, the use of modified thrie beam guardrail adjacent to curbs is not recommended at 

this time, and further research would be required to determine the effect curbs adjacent to the 

barrier. If the modified thrie beam guardrail were transitioned to a thrie-beam AGT or the MGS, 

curbs could be used with those regions in accordance with previous crash testing and guidance.  

9.8 Flaring 

Flaring of the modified thrie beam guardrail may also be desired in certain applications. 

The flare rates used for the modified thrie beam guardrail should be obtained based on guidelines 

set forth in the AASHTO Roadside Design Guide, or other applicable research. Currently, there is 

no MASH TL-3 guidance for flare rates for the thrie beam guardrail system outside of the 

recommendation in the AASHTO Roadside Design Guide.  
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9.9 Blockout Types 

The modified thrie beam guardrail evaluated in this study used a W14x22 blockout that has 

a 7⅛-in. x 6-in. triangular region of the web cut away near the lower front flange. A previous test 

of the modified thrie beam was conducted according to NCHRP Report No. 350 TL-4 for Trinity 

Industries that used the same blockout section with a slightly different shape for the angled cutout 

[6], as shown in Figure 79. In this test, a 17,380-lb SUT impacted the barrier at a speed of 50.2 

mph and an angle of 14.9 degrees. The test resulted in a successful redirection of the 8000S vehicle 

with a dynamic deflection of 2.18 ft. Based on the similarities between the blockout tested herein 

and the alternative blockout tested by Trinity Industries, it is believed that either blockout is 

acceptable for use with the MASH TL-3 modified thrie beam system.  

 

Figure 79. Trinity Industries Alternative Modified Thrie Beam Blockout [6] 
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10 MASH EVALUATION 

The modified thrie-beam guardrail system was evaluated to determine its compliance with 

MASH 2016 TL-3 evaluation criteria in both a single-sided roadside configuration and a dual-

sided median configuration. The single-sided roadside configuration of the modified thrie-beam 

guardrail consisted of a 12-gauge thrie-beam panels mounted at a height of 34 in. and supported 

by 81-in. long W6x8.5 posts and W14x22 blockouts with an angled cutout in the web. The dual-

sided modified thrie-beam guardrail was largely identical to the single-sided configuration except 

that the blockouts and thrie beam guardrail panels are mirrored on the backside of the system. Both 

configurations were transitioned to the W-beam guardrail at each end and anchored with standard 

trailing end anchorages. 

10.1 Test Matrix 

The modified thrie-beam guardrail system is classified as a longitudinal barrier for the 

purposes of evaluation. In MASH 2016, two full-scale crash tests are potentially required to 

evaluate this type of hardware, as shown in Table 13.  

Table 13. MASH 2016 TL-3 Crash Test Conditions for Longitudinal Barriers 

Test 

Article 

Test 

Designation 

No. 

Test 

Vehicle 

Vehicle 

Weight 

(lb) 

Impact Conditions 
Evaluation 

Criteria 1 
Speed 

(mph) 

Angle 

(deg.) 

Longitudinal 

Barrier 

3-10 1100C 2,425 62 25 A,D,F,H,I 

3-11 2270P 5,000 62 25 A,D,F,H,I 

 

NJDOT and Caltrans desired to evaluate both the single-sided roadside and dual-sided 

median versions of the modified thrie beam guardrail. MwRSF reviewed the system designs and 

elected to conduct test designation nos. 3-10 and 3-11 on the critical configuration of the barrier 

such that only two tests were required. Test designation no. 3-11 (test no. MTB-1) was conducted 

on the single-sided configuration because the 2270P vehicle will impart increased barrier loading 

on the components of a single-sided system. Additionally, the potential for the torsional buckling 

of the system posts that led to increased barrier deflection and post snag in the original test 

designation no. 3-11 testing of the modified thrie beam would be more prevalent in the single-

sided configuration. Finally, evaluation of the single-sided modified thrie beam configuration with 

the 2270P vehicle would also produce the maximum dynamic deflection and working width values 

for the barrier system. Test designation no. 3-10 (test no. MTB-2) was conducted on the dual-

sided, median version of the modified thrie beam as this system configuration would tend to 

increase loading and occupant risk values for the small car vehicle and increase the propensity for 

vehicle snag on the post due to the higher stiffness and reduced dynamic deflection of the dual-

sided system. Previous evaluation of the T-39 thrie beam barrier in for both roadside and median 

versions followed a similar methodology [8]. Thus, a total of two tests were conducted to complete 

the MASH TL-3 test matrix for evaluation of the single-sided roadside and dual-sided median 

versions of the modified thrie beam guardrail.  
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10.2 Full-Scale Crash Test Results 

The results of the MASH TL-3 full-scale crash testing of the modified thrie beam guardrail 

system are summarized below.  

1. Test no. MTB-1 was conducted under the MASH TL-3 guidelines for test designation no. 

3-11. Test designation no. 3-11 is an impact of the 2270P vehicle into the system at 62 mph 

and an angle of 25 degrees. The critical impact point for this test was selected to maximize 

vehicle snag on the system posts and splice loading. The 5,003-lb quad cab pickup truck 

impacted the MTB guardrail at a speed of 62.9 mph, an angle of 25.4 deg, and at an impact 

point 11 ft – 5.7 in. upstream from post no. 13. During the test, the pickup truck was 

captured and redirected by the thrie beam. During the redirection of the vehicle, torsional 

collapse of some of the W-section blockouts was observed similar to that seen in the 

original NCHRP Report No. 350 testing of the system. The torsional collapse of the 

blockouts did not compromise the overall test result. However, it may have led to increased 

wheel snag on the posts and disengagement of the right-front wheel. Additionally, the 

collapse of the blockouts appeared to allow the lower portion of the thrie beam guardrail 

to contact the flange and web of the blockout and the post flanges at post nos. 12 and 13. 

The contact at post no. 13 was sufficient to cause a small tear just downstream of the thrie 

beam splice at that post. However, this tear did not adversely affect the barrier system 

performance. The stability and trajectory of the vehicle were acceptable. Prior to coming 

to a stop, the test vehicle impacted portable barriers used to shield other areas of the test 

facility downstream from the barrier. This contact was well after vehicle exit and resulted 

in minor damage to the front of the test vehicle. The vehicle came to rest 282 ft – 3 in. 

downstream from the impact point and 14 ft – 7 in. laterally in front of the barrier after 

brakes were applied. Test no. MTB-1 met all of the safety requirements for MASH TL-3. 

2. Test no. MTB-2 was conducted under the MASH TL-3 guidelines for test designation no. 

3-10. Test designation no. 3-10 is an impact of the 1100C vehicle into the system at 62 

mph and an angle of 25 degrees. The critical impact point for this test was selected to 

maximize vehicle snag on the system posts and splice loading. The 2,415-lb small car 

impacted the MTB guardrail at a speed of 63.1 mph, an angle of 24.9 deg, and at an impact 

point 7 ft – 6.4 in. upstream from post no. 13. During the test, the vehicle was captured and 

redirected by the thrie beam. As the vehicle was redirected, the right-front wheel and tire 

of the vehicle snagged on post no. 13 in the system. However, the wheel snag did not 

adversely affect vehicle stability or the occupant risk values. After exiting the system, the 

vehicle came to rest 187 ft – 7 in. downstream from the impact point and 51 ft – 11 in. 

laterally in front of the barrier after brakes were applied. Test no. MTB-2 met all of the 

safety requirements for MASH TL-3.  

10.3 MASH Evaluation 

Based on the results of the two successful full-scale crash tests conducted in this study, the 

modified thrie beam guardrail system meets all of the safety requirements for MASH TL-3 in both 

a single-sided roadside configuration and a dual-sided median configuration. 
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Appendix A. NJDOT Modified Thrie Beam Drawings
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 NJDOT Modified Thrie Beam Details, Test No. MTB-1



 

 

Ju
ly

 1
6

, 2
0

2
0
 

M
w

R
S

F
 R

ep
o

rt N
o
. T

R
P

-0
3

-4
1
7
-2

0
 

1
2
3
 

 

 NJDOT Modified Thrie Beam Details, Test No. MTB-2
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Appendix B. Material Specifications
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 Bill of Materials, Test Nos. MTB-1 and MTB-2 

Item 

No. 
Description Material Specification Reference 

a1 12 ft – 6 in. 12-gauge Thrie Beam Section AASHTO M180 
H#130217  

H#L33118 

a2 12 in. 12-gauge Thrie Beam Backup Plate AASHTO M180 
H#L31018 

H#L33118 

a3 
6 ft – 3 in. 12-gauge W-Beam MGS End 

Section 
AASHTO M180 

H#9513565 

H#515691 

a4 
10-gauge Symmetrical W-beam to Thrie 

Beam Transition 
AASHTO M180 

H#191871 

H#A80344 

H#265388 

b1 72-in. Long Foundation Tube ASTM A500 Gr. B H#A49248 

b2 
BCT Timber Post - MGS Height - Not 

Standard 

SYP Gr. No. 1 or better (No 

knots 18 in. above or below 

ground tension face) 

Ch#25729 

b3 Ground Strut Assembly ASTM A36  

b4 BCT Cable Anchor Assembly -  

b5 Anchor Bracket Assembly ASTM A36 H#JK16101488 

b6 8 in. x 8 in. x 5/8 in. Anchor Bearing Plate ASTM A36 H#4181496 

b7 
23/8-in. O.D. x 6-in. Long BCT Post 

Sleeve 

ASTM A53 Gr. B Schedule 

40 
H#B712810 

c1 W6x8.5, 81-in. Long Steel Post ASTM A36 
H#13897 

H#26236 

c2 W14x22, 17-in. Long Steel Blockout ASTM A992 H#B138445 

c3 16D Double Head Nails -  

d1 
5/8 in.-11 UNC, 10-in. Long Guardrail 

Bolt and Heavy Hex Nut 

Bolt - ASTM A307 Gr. A 

Nut - ASTM A563A 

Bolt: H#20351510 

Nut: H#20550810 

d2 
5/8 in.-11 UNC, 2-in. Long Guardrail Bolt 

and Heavy Hex Nut 

Bolt - ASTM A307 Gr. A or 

equivalent 

Nut - ASTM A563A or 

equivalent 

Bolt: H#10439100 

Nut: H#20550810 

d3 
5/8 in.-11 UNC, 1¼-in. Long Guardrail 

Bolt and Heavy Hex Nut 

Bolt - ASTM A307 Gr. A or 

equivalent 

Nut - ASTM A563A or 

equivalent 

Bolt: H#10553090 

Nut: H#20550810 

d4 
7/8 in.-9 UNC, 8-in. Long Hex Head Bolt 

and Nut 

Bolt - ASTM A307 Gr. A or 

equivalent 

Nut - ASTM A563A or 

equivalent 

Bolt: H#2038622 

Nut: H#12101054 
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 Bill of Materials, Test Nos. MTB-1 and MTB-2, Cont. 

Item 

No. 
Description Material Specification Reference 

d5 
5/8 in.-11 UNC, 10-in. Long Hex Head 

Bolt and Nut 

Bolt - ASTM A307 Gr. A or 

equivalent 

Nut - ASTM A563A or 

equivalent 

Bolt: 

H#DL15107048 

Nut: P#36713 

C#210101523 

d6 
5/8 in.-11 UNC, 1½-in. Long Hex Head 

Bolt and Nut" 

Bolt - ASTM A307 Gr. A or 

equivalent 

Nut - ASTM A563A or 

equivalent 

Bolt: 

H#816070039 

Nut: P#36713 

C#210101523 

e1 7/8-in. Dia. Plain Round Washer ASTM F844 
P#33188 

C#210151571 

e2 5/8-in. Dia. Plain Round Washer ASTM F844 
P#33188 

C#210151571 
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 12 ft – 6 in. Thrie Beam Section, Test Nos. MTB-1 and MTB-2
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 12 ft – 6 in. Thrie Beam Section, Test Nos. MTB-1 and MTB-2
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 12 in. Thrie Beam Backup Plates, Test Nos. MTB-1 and MTB-2
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 6 ft – 3 in. W-Beam MGS End Section, Test Nos. MTB-1 and MTB-2
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 6 ft – 3 in. W-Beam MGS End Section, Test Nos. MTB-1 and MTB-2
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 10-gauge Symmetrical W-Beam to Thrie Beam Transition, Test Nos. MTB-1 and MTB-2
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 10-gauge Symmetrical W-Beam to Thrie Beam Transition, Test Nos. MTB-1 and MTB-2
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 10-gauge Symmetrical W-Beam to Thrie Beam Transition, Test Nos. MTB-1 and MTB-2
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 72-in. Long Foundation Tube, Test Nos. MTB-1 and MTB-2
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 BCT Timber Post – MGS Height – Not Standard, Test Nos. MTB-1 and MTB-2
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 Ground Strut Assembly, Test Nos. MTB-1 and MTB-2
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 Ground Strut Assembly, Test Nos. MTB-1 and MTB-2
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 BCT Cable Anchor Assembly, Test Nos. MTB-1 and MTB-2
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 Anchor Bracket Assembly, Test Nos. MTB-1 and MTB-2
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 8 in. x 8 in. x 5/8 in. Anchor Bearing Plate, Test Nos. MTB-1 and MTB-2
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 23/8 in. O.D. x 6-in. Long BCT Post Sleeve, Test Nos. MTB-1 and MTB-2
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 W6x8.5, 81-in. Long Steel Post, Test Nos. MTB-1 and MTB-2
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 W14x22, 17-in. Long Steel Blockout, Test Nos. MTB-1 and MTB-2
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 16D Double Head Nails, Test Nos. MTB-1 and MTB-2
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 5/8 in.-11 UNC, 10-in. Long Guardrail Bolt, Test Nos. MTB-1 and MTB-2
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 ⅝-in.-11 UNC, Heavy Hex Nut, Test Nos. MTB-1 and MTB-2
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 ⅝ in.-11 UNC, 2-in. Long Guardrail Bolt, Test Nos. MTB-1 and MTB-2
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 5/8 in.-11 UNC, 1¼-in. Long Guardrail Bolt, Test Nos. MTB-1 and MTB-2
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 7/8 in.-9 UNC, 8-in. Long Hex Head Bolt, Test Nos. MTB-1 and MTB-2
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 ⅞-in.-9 UNC, Nut, Test Nos. MTB-1 and MTB-2
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 ⅝-in.-11 UNC, 10-in. Long Hex Head Bolt, Test Nos. MTB-1 and MTB-2
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 ⅝-in.-11 UNC, Nut, Test Nos. MTB-1 and MTB-2
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 ⅝-in.-11 UNC, 1½-in. Long Hex Head Bolt, Test Nos. MTB-1 and MTB-2



July 16, 2020 

MwRSF Report No. TRP-03-417-20 

155 

 
 Plain Round Washers, Test Nos. MTB-1 and MTB-2
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Appendix C. Vehicle Center of Gravity Determination
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 Vehicle Mass Distribution, Test No. MTB-1
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 Vehicle Mass Distribution, Test No. MTB-2
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Appendix D. Static Soil Tests
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 Soil Strength, Initial Calibration Tests, Test No. MTB-1
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 Static Soil Test, Test No. MTB-1
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 Static Soil Test, Test No. MTB-2
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Appendix E. Vehicle Deformation Records
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 Floor Pan Deformation Data – Set 1, Test No. MTB-1
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 Floor Pan Deformation Data – Set 2, Test No. MTB-1
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 Occupant Compartment Deformation Data – Set 1, Test No. MTB-1
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 Occupant Compartment Deformation Data – Set 2, Test No. MTB-1
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 Exterior Vehicle Crush (NASS) – Front, Test No. MTB-1
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 Exterior Vehicle Crush (NASS) – Side, Test No. MTB-1
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 Floor Pan Deformation Data – Set 1, Test No. MTB-2
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 Floor Pan Deformation Data – Set 2, Test No. MTB-2
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 Occupant Compartment Deformation Data – Set 1, Test No. MTB-2
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 Occupant Compartment Deformation Data – Set 2, Test No. MTB-2
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 Exterior Vehicle Crush (NASS) – Front, Test No. MTB-2
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 Exterior Vehicle Crush (NASS) – Side, Test No. MTB-2
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Appendix F. Accelerometer and Rate Transducer Data Plots, Test No. MTB-1
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 10-ms Average Longitudinal Deceleration (SLICE-1), Test No. MTB-1 

-12

-10

-8

-6

-4

-2

0

2

4

6

8

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

A
cc

e
le

ra
ti

o
n

 (
g
's

)

Time (sec)

Longitudinal CFC-180 10-msec Extracted Average Acceleration - SLICE-1

CFC-180 Extracted 10 msec Average Longitudinal Acceleration (g's)

MTB-1



 

 

Ju
ly

 1
6

, 2
0

2
0
 

M
w

R
S

F
 R

ep
o

rt N
o
. T

R
P

-0
3

-4
1
7
-2

0
 

1
7
8
 

 

 

 Longitudinal Occupant Impact Velocity (SLICE-1), Test No. MTB-1
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 Longitudinal Occupant Displacement (SLICE-1), Test No. MTB-1 
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 10-ms Average Lateral Deceleration (SLICE-1), Test No. MTB-1 
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 Lateral Occupant Impact Velocity (SLICE-1), Test No. MTB-1 
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 Lateral Occupant Displacement (SLICE-1), Test No. MTB-1
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 Vehicle Angular Displacements (SLICE-1), Test No. MTB-1 
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 Acceleration Severity Index (SLICE-1), Test No. MTB-1
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 10-ms Average Longitudinal Deceleration (SLICE-2), Test No. MTB-1 
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 Longitudinal Occupant Impact Velocity (SLICE-2), Test No. MTB-1
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 Longitudinal Occupant Displacement (SLICE-2), Test No. MTB-1 
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 10-ms Average Lateral Deceleration (SLICE-2), Test No. MTB-1
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 Lateral Occupant Impact Velocity (SLICE-2), Test No. MTB-1 
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 Lateral Occupant Displacement (SLICE-2), Test No. MTB-1
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 Vehicle Angular Displacements (SLICE-2), Test No. MTB-1 
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 Acceleration Severity Index (SLICE-2), Test No. MTB-1
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 Longitudinal Filtered Acceleration, Test No. MTB-1  

-15

-10

-5

0

5

10

15

0 1 2 3 4 5 6 7

A
c
c
e
le

ra
ti

o
n

 (
g

's
)

Time (sec)

Longitudinal CFC-60 Filtered Acceleration - SLICE-2

Zeroed CFC60 Filtered Longitudinal  Acceleration (g's)

MTB-1



 

 

Ju
ly

 1
6

, 2
0

2
0
 

M
w

R
S

F
 R

ep
o

rt N
o
. T

R
P

-0
3

-4
1
7
-2

0
 

1
9
4
 

 

 

 Longitudinal Extracted Acceleration, Test No. MTB-1 

-15

-10

-5

0

5

10

15

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

A
c
c
e
le

ra
ti

o
n

 (
g

's
)

Time (sec)

Longitudinal CFC-60 Extracted Acceleration - SLICE-2

CFC-60 Extracted Longitudinal Acceleration

MTB-1



 

 

Ju
ly

 1
6

, 2
0

2
0
 

M
w

R
S

F
 R

ep
o

rt N
o
. T

R
P

-0
3

-4
1
7
-2

0
 

1
9
5
 

 

 

 Longitudinal Average Acceleration, Test No. MTB-1 

-12

-10

-8

-6

-4

-2

0

2

4

6

8

0 1 2 3 4 5 6 7

A
c
c
e
le

ra
ti

o
n

 (
g

's
)

Time (sec)

Longitudinal CFC-60 10-msec Average Acceleration - SLICE-2

CFC-60 10 msec Average Longitudinal Acceleration (g's)

MTB-1



July 16, 2020 

MwRSF Report No. TRP-03-417-20 
 

196 

Appendix G. Accelerometer and Rate Transducer Data Plots, Test No. MTB-2
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