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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 yards 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 1000L shall be shown in m3  

MASS 
oz ounces 28.35 grams g 
lb pounds 0.454 kilograms kg 
T short tons (2000 lb) 0.907 megagrams (or metric ton”) Mg (or “t”) 

TEMPERATURE (exact degrees) 
°F Fahrenheit 5(F-32)/9 Celsius °C 
  or (F-32)/1.8   

FORCE and 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 yards yd2 
ha hectares 2.47 acres ac 
km2 Square kilometers 0.386 square miles mi2 

VOLUME 
mL milliliters 0.034 fluid ounces 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 tons (2000lb) T 

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

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

*SI is the symbol for the International System of Units 
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CHAPTER 1. INTRODUCTION 

Support structures are evaluated for American Association of State Highway and 
Transportation Officials (AASHTO) Manual for Assessing Safety Hardware (MASH) (1) 
compliance with respect to the anticipated direction of impacting vehicles. Many of the 
larger guide signs or Route Marker Assembly assemblies are evaluated through full-
scale crash testing with an impact angle of 0 degrees, which represents a normal 
direction of traffic that allows reading the signage while traveling. However, some of 
these larger support structures are installed where perpendicular traffic is also exposed 
to impacts with the support structures. This situation is often found at intersections. The 
Roadside Safety Pooled Fund prioritized the development of a MASH compliant design 
for a multi-directional support structure for larger signs.  Multi-directional designs have 
been developed for smaller sign supports, but this project is aimed at the larger 
supports for larger signs and sign assemblies. This report details the literature review, 
state survey, wind load analysis, and full-scale crash testing completed under this 
project.  
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CHAPTER 2. LITERATURE REVIEW 

2.1. OVERVIEW 

This chapter documents the literature review performed for this project. The research 
team reviewed relevant research regarding large sign support systems. Because the 
larger signs typically utilize more than one post, this literature review covers research on 
dual sign support systems.  

2.2. TEMPORARY LARGE GUIDE SIGNS (3) 

The objective of this research was to develop support systems for temporary 
installations of guide signs. The report includes crash tests conducted on two wooden 
sign support designs and one steel sign support design. Both utilized large aluminum 
signs. The first support tested, shown in Figure 2-1, consisted of three 6-inch × 8-inch, 
Grade 1, Southern Yellow Pine wood supports. The supports were spaced 33 inches 
apart and were weakened with 4-inch diameter holes located 4 inches and 18 inches 
above grade. An 8-ft × 16-ft wide (128 square ft) aluminum sign was supported. This 
design passed the MASH 3-60 low speed test (19 mi/hr) at 0 degrees but failed the 
MASH 3-61 high speed test (62 mi/hr) at 0 degrees due to windshield penetration. 
Figure 2-2 shows the vehicle damage from the MASH test 3-61. 



 

TR No. 616401-01 4 2025-01-24 

 

Figure 2-1. Details for Direct Embedded Wood Support Temporary Guide Sign 
System (3) 
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Figure 2-2. Direct Embedded Wood Support Temporary Guide Sign System 3-61 
Test Vehicle Failure Damage (3) 

After analyzing the failure, researchers proposed a design including a ¼-inch diameter 
cable to restrict the rotation of the support towards the vehicle upon impact. This 
support system was evaluated with MASH test 3-61 conditions at the 0-degree impact 
angle. The modification resulted in no occupant compartment intrusion and passed the 
evaluation criteria. Next, MASH test 3-62 at the 0-degree impact angle was conducted 
on the modified support system. The modified system also passed MASH test 3-62 
evaluation criteria. Figure 2-3 shows a drawing of the successful modified design.  



 

TR No. 616401-01 6 2025-01-24 

 

Figure 2-3. Details for Modified Direct Embedded Wood Support Temporary Guide 
Sign System (3) 

The report subsequently discusses the design and testing of a direct embedded steel 
support temporary guide system. The intent of the testing was to verify that the slip base 
will properly activate without excessive movement when attached to a direct embedded 
steel foundation post without a concrete footing. Two W6x9 steel posts were used to 
support the same 128 square ft aluminum sign used in the wooden support crash-tests. 
The sign was mounted at a height of 7-ft from the ground. The posts were embedded 
3.5 ft below grade. MASH test 3-60 was first conducted on the support system. After 
impact, the slip base caught the hood of the car, and caused the hood to be pushed 
back into the windshield, causing a crack in the lower left windshield. No holes or tears 
through the safety liner occurred, and the deformation was less than the 3-inch 
allowable threshold. Additionally, the OIV was also less than the preferred threshold. 
Therefore, the system passed the MASH evaluation criteria for test 3-60. Figure 2-4 
shows a drawing of the successfully tested system.   
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Figure 2-4. Details for Direct Embedded Steel Support Temporary Guide Sign 
System  (3)  

 

2.3. PERFORATED TENSION FUSE PLATE FOR BREAKAWAY ROADSIDE 
SIGNS (4) 

Friction fuse plates were reported by maintenance engineers to cause signs to fall over 
in windstorms or after long periods of time. This undesirable behavior was attributed to 
the failure of the fuse plates. Consequently, the purpose of this research project was to 
improve the design details for breakaway roadside sign supports and reduce their 
associated maintenance costs. Specifically, the fuse plate was modified to be a 
perforated tension fuse plate, which does not rely on bolt penetration and friction to 
withstand wind loads. Figure 2-5 shows a drawing of the modified fuse plate, and Figure 
2-6 shows the modified fuse plate installed on a sign support.  
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Figure 2-5. Details for Tension Fuse Plate (4) 

 

Figure 2-6. Tension Fuse Plate Installed on Sign Support (4) 

A full-scale crash test was performed with the recommended modified fuse plate with a 
standard 8 ft tall by 16 ft wide sign support with two W8x18 steel posts. A 1975 Honda 
Civic was used as the test vehicle. The slip base activated, and the W8x18 post rotated 
away from the vehicle. The tension fuse plate did not break, but the lower wind clamp 
was pulled through the lower extruded wind beam. Figure 2-7 shows the test article 
after the crash test. The impact behavior was viewed as satisfactory, and the crash test 
was viewed as a success. 
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Figure 2-7. Sign Support Damages after Crash Test (4) 

 

2.4. CRASH TESTS OF OMNIDIRECTIONAL SLIP-BASE SIGN SUPPORTS (5) 

The objective of this research project was to determine the impact performance of a 
triangular, omnidirectional slip-base sign support with an all-direction upper post hinge. 
Details for the omnidirectional slip-base are shown below in Figure 2-8. 



 

TR No. 616401-01 10 2025-01-24 

 

Figure 2-8. Sign Support Damages after Crash Test (5) 

Four full-scale crash tests were conducted. The first test, Test 29, impacted the system 
at 90 degrees at a speed of 27.7 mph. The vehicle damage was limited to a 9-in deep, 
21-in wide dent in the bumper, hood, and grill of the vehicle. The vehicle’s trajectory 
path was also unaffected throughout the impact and exit of the system.  

The second test, Test 30, impacted the system at 30 degrees at 21 mph. Vehicle 
damage was limited to a 9-in deep, 19-in wide dent in the bumper, grill, and hood of the 
vehicle.  

The third test, Test 31, impacted the system at 30 degrees at a speed of 64.9 mph. The 
vehicle damage was limited to a 12-in deep, 28-in wide dent in the bumper, grill, and 
hood of the vehicle. During the test the intermediate post detached and flew 
downstream.  

The final test, Test 32, modified the system and added a 0.25-in diameter cable to the 
top of the intermediate post and the bottom of the upper post to eliminate the 
intermediate post movement experienced in the previous high-speed test. The modified 
system was impacted at 90 degrees at 59.4 mph.  

All four tests resulted in changes in momentum being less than the preferable 750 lb-s. 
Researchers made seven findings from the results of these tests: 

1. The omnidirectional sign support used in testing met AASHTO criteria for 

momentum transfer (below 750 lb-s) 
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2. Vehicle damage was minimal across all four tests, with slower impact speeds 

having less damage.  

3. Off-center impact testing at high speeds did not adversely affect vehicle 

trajectory or appurtenance performance.  

4. The posts impacted by the vehicle bumper were dented and the flange ends 

were bent at the hinge. 

5. Non-impacted posts sustained greater damage since they were bent and twisted 

when the sign panels fell.  

6. Sign panels sustained bent lower left corners in each test once they impacted the 

ground.  

7. The slotted splice plates on the non-impacted post did not develop enough 

resistance to maintain the sign in an upright position.  

2.5. EVALUATION OF DUAL SUPPORT, TRIANGULAR SLIP-BASE SIGN 
INSTALLATIONS (6) 

This report summarized the results of extruded aluminum sign panels up to 60 square 
feet, mounted on dual schedule 80 pipe supports with triangular slip bases. Figure 2-9 
and Figure 2-10 show the test article evaluated through full-scale crash testing. 

 

Figure 2-9. Details for Dual Sign Support (6) 
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Figure 2-10. Details for Triangular Slip-Base (6) 

The first test conducted on the system was National Cooperative Highway 
Research Program (NCHRP) Report 350 (2) Test 3-60. One of the dual support legs 
detached at the base and sign panel, and cracked the windshield. The results of this 
test were considered acceptable for passing testing criteria. The second test preformed 
on the system was NCHRP Report 350 Test 3-61. Similarly, one of the dual support 
legs detached, but no occupant compartment damage/deformation occurred. This test 
also passed the evaluation criteria. 

2.6. DESIGN AND TESTING OF A DUAL SUPPORT BREAKAWAY SIGN (7) 

Texas Transportation Institute improved a breakaway sign support design 
consisting of a steel perforated tension fuse plate. When the system was originally 
crash tested, the fuse plate failed to activate, but met the evaluation criteria. This 
Midwest Roadside Safety Facility project focused on improving the design and 
promoting the activation of the fuse plate. The details for the test article are shown in 
the three following figures. 
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Figure 2-11. Details for Dual Support Breakaway Sign System (7) 

 

Figure 2-12. Details for Fuse Plate (7) 
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Figure 2-13. Details for Slip-Base (7) 

Two crash tests were conducted on the new modified system. The first test 
included an impact at 25 degrees with a speed of 35.6 km/hr. The damage to the test 
vehicle was minimal, and it was able to be reused in the next test. The second test 
included an impact at 27 degrees at 92 km/hr. Both tests passed NCHRP Report 350 
evaluation criteria. It was noted that additional research would need to be conducted to 
improve the wind load capacity of the design. 

2.7. LITERATURE REVIEW CONCLUSIONS 

The research team reviewed previous efforts to develop crashworthy support 
structures for larger signs. These projects provided insights to the crashworthy nature of 
design components and the importance of including wind load analysis into the overall 
design process. This review effort aided the research team in the subsequent tasks of 
this research project.  
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CHAPTER 3. STATE SURVEY 

3.1. OVERVIEW  

This survey was designed to gather information regarding multi-directional large sign 
support details found across the country. These details would guide the research team 
in selecting a test article design. The survey was administered online using Qualtrics 
and was sent to the Roadside Safety Pooled Fund Members. The survey received 13 
total responses.  

3.2. SURVEY QUESTIONS AND RESPONSES 

Q1 – Does your state install large sign supports at locations exposed to both 
0deg and 90deg impacts? Large Sign support assemblies are considered as any 
support that requires a minimum of two posts, employs wide flange or s shape 
steel posts, and utilizes fuse/fuse plates near the sign.  

 

 

Figure 3-1. Question 2 Responses 

  



 

TR No. 616401-01 16 2025-01-24 

Q2 – Please attach a link to or upload a standard detail sheet, or drawing. 

 

Figure 3-2. Alaska’s Response for Question 2. 
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Figure 3-3. Idaho’s Response for Question 2 (1/2). 
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Figure 3-4. Idaho’s Response for Question 2 (2/2). 
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Figure 3-5. Iowa’s Response for Question 2 (1/5). 
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Figure 3-6. Iowa’s Response for Question 2 (2/5) 
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Figure 3-7. Iowa’s Response for Question 2 (3/5) 
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Figure 3-8. Iowa’s Response for Question 2 (4/5). 
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Figure 3-9. Iowa’s Response for Question 2 (5/5). 
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Figure 3-10. Louisiana’s Response for Question 2 (1/10). 
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Figure 3-11. Louisiana’s Response for Question 2 (2/10). 
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Figure 3-12. Louisiana’s Response for Question 2 (3/10). 
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Figure 3-13. Louisiana’s Response for Question 2 (4/10). 
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Figure 3-14. Louisiana’s Response for Question 2 (5/10). 
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Figure 3-15. Louisiana’s Response for Question 2 (6/10). 
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Figure 3-16. Louisiana’s Response for Question 2 (7/10). 
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Figure 3-17. Louisiana’s Response for Question 2 (8/10). 
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Figure 3-18. Louisiana’s Response for Question 2 (9/10). 
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Figure 3-19. Louisiana’s Response for Question 2 (10/10).
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Figure 3-20. Massachusetts Response for Question 2 (1/11). 
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Figure 3-21. Massachusetts Response for Question 2 (2/11). 
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Figure 3-22. Massachusetts Response for Question 2 (3/11). 
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Figure 3-23. Massachusetts Response for Question 2 (4/11). 



 

TR No. 616401-01 38 2025-01-24 

  

Figure 3-24. Massachusetts Response for Question 2 (5/11). 
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Figure 3-25. Massachusetts Response for Question 2 (6/11). 
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Figure 3-26. Massachusetts Response for Question 2 (7/11). 
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Figure 3-27. Massachusetts Response for Question 2 (8/11). 
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Figure 3-28. Massachusetts Response for Question 2 (9/11). 
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Figure 3-29. Massachusetts Response for Question 2 (10/11). 
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).  

Figure 3-30. Massachusetts Response for Question 2 (11/11).  
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Figure 3-31. Michigan’s Response for Question 2 (1/9). 
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Figure 3-32. Michigan’s Response for Question 2 (2/9). 
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Figure 3-33. Michigan’s Response for Question 2 (3/9). 
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Figure 3-34. Michigan’s Response for Question 2 (4/9). 
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Figure 3-35. Michigan’s Response for Question 2 (5/9). 
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Figure 3-36. Michigan’s Response for Question 2 (6/9). 
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Figure 3-37. Michigan’s Response for Question 2 (7/9). 
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Figure 3-38. Michigan’s Response for Question 2 (8/9). 
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Figure 3-39. Michigan’s Response for Question 2 (9/9).  
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Figure 3-40. Ohio's Response for Question 2 (1/2). 
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Figure 3-41. Ohio's Response for Question 2 (2/2). 



 

TR No. 616401-01 56 2025-01-24 

 

Figure 3-42. Ontario's Response for Question 2. 
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Figure 3-43. Utah's Response for Question 2 (1/11). 
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Figure 3-44. Utah's Response for Question 2 (2/11). 
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Figure 3-45. Utah's Response for Question 2 (3/11). 



 

TR No. 616401-01 60 2025-01-24 

 

Figure 3-46. Utah's Response for Question 2 (4/11). 
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Figure 3-47. Utah's Response for Question 2 (5/11). 
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Figure 3-48. Utah's Response for Question 2 (6/11). 
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Figure 3-49. Utah's Response for Question 2 (7/11). 
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Figure 3-50. Utah's Response for Question 2 (8/11). 
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Figure 3-51. Utah's Response for Question 2 (9/11). 
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Figure 3-52. Utah's Response for Question 2 (10/11). 
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Figure 3-53. Utah's Response for Question 2 (11/11). 
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Figure 3-54. Washington's Response for Question 2 (1/2). 
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Figure 3-55. Washington's Response for Question 2 (2/2). 
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Figure 3-56. West Virginia's Response for Question 2 (1/3). 
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Figure 3-57. West Virginia's Response for Question 2 (2/3). 
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Figure 3-58. West Virginia's Response for Question 2 (3/3).
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Q3 – Please select each of the following speed conditions that apply to the large 

sign support assemblies in your state. (Select all that apply) 

 

High speed roadways are defined as above a posted 45mph speed limit. 

Low speed roadways are defined as below or equal to a posted 45mph speed 

limit.  

Table 3.1. Response Distribution for Question 3. 

Case Number of Responses 

 

 

9 

 

 

7 

 

 

7 

 

 

8 
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Q4 – Please enter the post sizes below that are used in these bidirectional 

applications. Next to each post size please indicate their prevalence in 

bidirectional applications. Please assign a value of “Most prevalent” to the post 

size used most prevalently in bidirectional applications. The values selected for 

other listed post sizes should be assigned to indicate its prevalence with respect 

to the post size assigned the value of “Most prevalent.” * 

For this question, the data was analyzed in order to rank the post sizes’ prevalence. In 

order to do this, each prevalence ranking (Most prevalent, Frequently, Occasionally, 

Rarely) was assigned a numerical value (4, 3, 2, 1, respectively). Once assigned, the 

sum of these values was added to calculate the prevalence score number of given post 

sizes. The top three post sizes in order of prevalence are listed in the table below: 

 

Table 3.2. Most Prevalent Post Sizes Determined from Question 4 Responses 

Rank Post Size Prevalence Points 

Calculated 

1 W6x12 13 

2 W8x18 11 

3 W6x9 7 
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Q5 – Do you have any other details or drawings to include in this survey? If not, please skip this page.  

 

Figure 3-59: Utah's Response for Question 5 (1/7). 
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Figure 3-60: Utah's Response for Question 5 (2/7). 
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Figure 3-61: Utah's Response for Question 5 (3/7). 
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Figure 3-62: Utah's Response for Question 5 (4/7). 
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Figure 3-63: Utah's Response for Question 5 (5/7). 



 

TR No. 616401-01 80 2025-01-24 

 

Figure 3-64: Utah's Response for Question 5 (6/7). 
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Figure 3-65: Utah's Response for Question 5 (7/7). 
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Figure 3-66: Washington's Response for Question 5.
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Q7 – Do you have any other information to share with the research team? 

Table 3.3: State Responses for Question 7. 

Louisiana  “We typically do not install W-beam beam posts in locations where 

they can be hit from multiple directions. In situations where this is 

possible (eg. Intersections or at the ends of off-ramps) the signs are 

usually not large so we typically use round pipe posts on multi-

directional breakaway bases or square tube posts. The W-beam 

posts are typically used with larger signs installed along the 

shoulder, so we just use uni-directional breakaway base with those. 

That being said, it IS possible that we have some w-beam supports 

that are being used in multi-directional situations. But I would say 

this is rare and is not the intent of our standards.” 

Massachusetts “For bi-directional signpost locations, the lip base is normally 

oriented towards the traffic direction that has the greatest exposure. 

This is normally based on traffic volumes, approach speeds, and the 

physical characteristics at the post location.” 

Michigan “In Michigan, we use 3lbs. u-channel systems near intersections 

and if needed with utilize either 4x6 or 6x8 wood supports. 

Occasionally, a 4 lbs. PSST are utilized as well. We recognize that 

there is potential the wood support systems may not move forward 

as part of MASH. It will be interesting to see the information that is 

determined as part of this research.” 
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CHAPTER 4. SYSTEM DETAILS 

4.1. TEST ARTICLE AND INSTALLATION DETAILS 

The Route Marker Assembly sign support design was adapted from typical 
details from West Virigina Department of Highways. For tests 616401-01 1-2, the Route 
Marker Assembly sign post assembly was 20 feet and 11 inches tall above grade. There 
were varying sized signs installed on the sign posts to form a large assembly of router 
marker and associated signs. From center to center the two sign posts were 39 inches 
apart. The sign posts had a fuse plate installed 96 inches above grade to the center of 
the breakaway plates, and the posts were mounted onto triangular slip bases. Figure 
4-3 presents the overall information on the Route Marker Assembly with large sign 
supports, and Figure 4-4 thru Figure 4-7 provide photographs of the installation.  

The guide sign support design was adapted from typical details from West 
Virigina Department of Highways. The guide sign for test 616401-01-3 was comprised 
of an extruded aluminum sign panel assembly measuring 5 feet tall and 15 feet long 
and fastened to two support posts placed 9 feet apart on center. The total height of the 
guide sign assembly was 13 feet 4 inches, with the same fuse plate and slip base 
designs used in tests 616401-01 1-4. A vertical stiffener was installed on the back of the 
extruded aluminum sign panels. Previous crash testing showed improvements to 
crashworthiness when sign panels were stiffened. The stiffener would minimize twisting 
of the sign panel, and therefore promote activation of the fuse plate. Figure 4-8 presents 
the overall information on the guide sign with large sign supports, and Figure 4-9 thru 
Figure 4-12 provide photographs of the installation.  

After the test failure of 616401-01-3, the research team concluded that the fuse 
plate component of the sign could benefit from modifications. Video analysis showed a 
delayed activation of the fuse plate, allowing the sign panel to be pulled vertically 
downward and into the test vehicle. Therefore, the research team investigated 
improving the fuse plate’s activation while simultaneously maintaining its wind load 
capacity.  

When redesigning the fuse plate, the design team aimed to keep the plate’s 
critical net cross-sectional area the same as the previous design. This would maintain 
the tensile capacity of the plate, and therefore, the wind load capacity of the design. The 
research team determined that decreasing the edge distance between the outer two 
holes would aid in the activation of the fuse plate in the 90 degree impact, but maintain 
its wind load capacity. Consequently, the hole pattern of the fuse plate was modified. 

For test 616401-01-9, the installation was the same as test 616401-01-3, with the 
exception of the fuse plate, which had a modified hole pattern with the design intent of 
promoting activation with a 90 degree impact. Figure 4-13 presents the overall 
information on the guide sign with large sign supports, and Figure 4-14 thru Figure 4-17 
provide photographs of the installation.  

After the test failure of 616401-01-9, the research team concluded the design 
could be improved with a taller mounting height. With this design objective, the research 
team evaluated the increased mounting height’s effect on the design’s wind load 
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capacity. The wind load capacities of the Route Marker Assembly and guide sign were 
analyzed using West Virginia’s wind analysis design chart. The total sign area of both 
installation variations was calculated. The guide sign had a total area of 37.5 ft2 
(rounded to 40 ft2) and the Route Marker Assembly had a total area of 39.4 ft2 (rounded 
to 40 ft2). Any separation between signs on the Route Marker Assembly were 
conservatively. The height of center of pressure was then determined for both sign 
variations (Route Marker Assembly and guide sign). The guide sign had a center of 
pressure height of 10 feet, 6 inches (rounded to 11 feet) and the Route Marker 
Assembly had a center of pressure of 14 feet, 3 ¾ inches (rounded to 15 feet).  
 Using the wind analysis chart, it was determined that the W6x12 posts 
maintained acceptable wind load capacities for the original center of pressure heights, 
as well as an increase of 1 foot in mounting height (which equates to a 1 foot increase 
in center of pressure height). Therefore, an increase in mounting height by 1 foot would 
not require a change in post size for the tested configurations. These findings are 
illustrated in Figure 4-1 and Figure 4-2, with the red indicating original as-tested design, 
and the blue representing an increase of 1 foot in mounting height.  

 

Figure 4-1: Post Size Required for Guide Sign at Various Mounting Heights. 
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Figure 4-2: Post Size Required for Route Marker Assembly at Various Mounting 
Heights. 

For test 616401-01-4, the length of the support posts below the sign panels was 
lengthened so that the center of the fuse plates were 9 feet (108 inches) above grade, 
and the overall height of the installation was 14 feet 4 inches. The fuse plate also 
utilized the modified hole pattern. All other details were the same as test 616401-01-3. 
Figure 4-18 presents the overall information on the guide sign with large sign supports, 
and Figure 4-19 thru Figure 4-22 provide photographs of the installation.  

After the test failure of 616401-01-4, the research team concluded the design 
could be improved with another increase in mounting height. For test 616401-01-8, the 
length of the support posts below the sign panels was lengthened so that the center of 
the fuse plates were 10 feet (120 inches) above grade, and the overall height of the 
installation was 14 feet 4 inches. All other details were the same as test 616401-01-4. 
Figure 4-23 presents the overall information on the guide sign with large sign supports, 
and Figure 4-24 thru Figure 4-27 provide photographs of the installation.  

Appendix A provides further details on the Multi-directional Base Design for 
Large Sign Supports. Drawings and construction were provided by the Texas A&M 
Transportation Institute (TTI) Proving Ground. 

4.2. DESIGN MODIFICATIONS DURING TESTS 

No modifications were made to the installation during the testing phase.  
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Figure 4-3. Details of Route Marker Assembly with Large Sign Supports. 
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Figure 4-4. Impact Side of the Route Marker Assembly with Large Sign Supports 
prior to Testing. 

 

Figure 4-5. Back Side of the Route Marker Assembly with Large Sign Supports 
prior to Testing. 



 

TR No. 616401-01  90 2025-01-24 

 

Figure 4-6. Fuse plate on the Route Marker Assembly with Large Sign Supports 
prior to Testing. 

 

Figure 4-7. Slip Base on the Route Marker Assembly with Large Sign Supports 
prior to Testing.
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Figure 4-8. Details of Guide Sign with Large Sign Supports for Test 616401-01-3. 
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Figure 4-9. Impact Side of the Guide Sign with Large Sign Supports prior to Test 
616401-01-3. 

 

Figure 4-10. Back Side of the Guide Sign with Large Sign prior to Test 616401-01-
3. 
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Figure 4-11. Fuse plate on the Guide Sign with Large Sign Supports prior to Test 
616401-01-3. 

 

Figure 4-12. Slip Base on the Guide Sign with Large Sign Supports prior to Test 
616401-01-3. 
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Figure 4-13. Details of Guide Sign with Large Sign Supports for Test 616401-01-9. 
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Figure 4-14. Impact Side of the Guide Sign with Large Sign Supports prior to Test 
616401-01-9. 

 

Figure 4-15. Back Side of the Guide Sign with Large Sign Supports prior to Test 
616401-01-9. 
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Figure 4-16. Fuse plate on the Guide Sign with Large Sign Supports prior to Test 
616401-01-9. 

 

Figure 4-17. Slip Base on the Guide Sign with Large Sign Supports prior to Test 
616401-01-9.
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Figure 4-18. Details of Guide Sign with Large Sign Supports for Test 616401-01-4. 
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Figure 4-19. Impact Side of the Guide Sign with Large Sign Supports prior to Test 
616401-01-4. 

 

Figure 4-20. Back Side of the Guide Sign with Large Sign Supports prior to Test 
616401-01-4. 
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Figure 4-21. Fuse plate on the Guide Sign with Large Sign Supports prior to Test 
616401-01-4. 

 

Figure 4-22. Slip Base on the Guide Sign with Large Sign Supports prior to Test 
616401-01-4. 
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Figure 4-23. Details of Guide Sign with Large Sign Supports for Test 616401-01-8. 





 

TR No. 616401-01  105 2025-01-24 

 

Figure 4-24. Impact Side of the Guide Sign with Large Sign Supports prior to Test 
616401-01-8. 

 

Figure 4-25. Back Side of the Guide Sign with Large Sign Supports prior to Test 
616401-01-8. 
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Figure 4-26. Fuse plate on the Guide Sign with Large Sign Supports prior to Test 
616401-01-8. 

 

Figure 4-27. Slip Base on the Guide Sign with Large Sign Supports prior to Test 
616401-01-8. 
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4.3. MATERIAL SPECIFICATIONS  

Appendix B provides material certification documents for the materials used to 
install/construct the Multi-directional Base Design for Large Sign Supports. Table 4.1 
shows the average compressive strengths of the concrete. 

Table 4.1. Concrete Strength. 

Location 
Design 

Strength 
Avg. 

Strength  
Age  Detailed Location 

Footers for tests 
616401-01 1-3 

3000 psi 3843 psi 
39 

days 
100% of Footers 

Footers for tests 
616401-01-4&8 

3000 psi 4077 psi 
47 

days 
100% of Replacement Footers 

Footers for test 
616401-01-9 

3000 psi 3655 psi 
17 

days 
100% of Replacement Footers 
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CHAPTER 5. TEST REQUIREMENTS AND EVALUATION CRITERIA  

5.1. CRASH TEST PERFORMED/MATRIX 

Table 5.1 shows the test conditions and evaluation criteria for MASH TL-3 for 
Support Structures. The target critical impact points (CIPs) for each test were 
determined using the information provided in MASH Section 2.2.4. Figure 5-1 shows the 
target CIP for MASH TL-3 tests on the Multi-directional Base Design for Large Sign 
Supports. 

Table 5.1. Test Conditions and Evaluation Criteria Specified for MASH TL-3 
Support Structures. 

Test 
Designation 

Test Vehicle 
Impact 
Speed 

Impact Angle Evaluation 
Criteria 

3-60 1100C 19 mi/h 0º-25° or 90° B, D, F, H, I, N 

3-61 1100C 62 mi/h 0º-25° or 90° B, D, F, H, I, N 

3-62 2270P 62 mi/h 0º-25° or 90° B, D, F, H, I, N 

 

Figure 5-1. Target CIP for MASH TL-3 Tests on Multi-directional Base Design for 
Large Sign Supports. 
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The crash tests and data analysis procedures were in accordance with guidelines 
presented in MASH. Chapter 6 presents brief descriptions of these procedures. 

5.2. EVALUATION CRITERIA 

The appropriate safety evaluation criteria from Tables 2-5 and 5-1 of MASH were used 
to evaluate the crash tests reported herein. Table 5.1 lists the test conditions and 
evaluation criteria required for MASH TL-3, and Table 5.2 provides detailed information 
on the evaluation criteria. 

Table 5.2. Evaluation Criteria Required for MASH Testing. 

Evaluation 
Factors 

Evaluation Criteria 

B. The test article should readily activate in a predictable 
manner by breaking away, fracturing, or yielding. 

D. Detached elements, fragments, or other debris from the 
test article should not penetrate or show potential for 
penetrating the occupant compartment, or present 
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. 

F. The vehicle should remain upright during and after 
collision. The maximum roll and pitch angles are not to 
exceed 75 degrees. 

H. Occupant impact velocities (OIV) should satisfy the 
following limits: Preferred value of 10 ft/s, or maximum 
allowable value of 16 ft/s. 

I. The occupant ridedown accelerations should satisfy the 
following: Preferred value of 15.0 g, or maximum 
allowable value of 20.49 g. 

N. Vehicle trajectory behind the test article is acceptable. 
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CHAPTER 6. TEST CONDITIONS 

6.1. TEST FACILITY 

The full-scale crash tests reported herein were performed at the TTI Proving 
Ground, an International Standards Organization (ISO)/International Electrotechnical 
Commission (IEC) 17025-accredited laboratory with American Association for 
Laboratory Accreditation (A2LA) Mechanical Testing Certificate 2821.01. The full-scale 
crash tests were performed according to TTI Proving Ground quality procedures, as well 
as MASH guidelines and standards. 

The test facilities of the TTI Proving Ground are located on The Texas A&M 
University System RELLIS Campus, which consists of a 2000-acre complex of research 
and training facilities situated 10 mi northwest of the flagship campus of Texas A&M 
University. The site, formerly a United States Army Air Corps base, has large expanses 
of concrete runways and parking aprons well suited for experimental research and 
testing in the areas of vehicle performance and handling, vehicle-roadway interaction, 
highway pavement durability and efficacy, and roadside safety hardware and perimeter 
protective device evaluation. The sites selected for construction and testing are along a 
an out-of-service apron/runway. The apron/runway consists of an unreinforced jointed-
concrete pavement in 12.5-ft × 15-ft blocks nominally 6 inches deep. The aprons were 
built in 1942, and the joints have some displacement but are otherwise flat and level. 
For this soil embedded testing, sections of the concrete apron were removed, and the 
concrete footings were installed within soil.  

6.2. VEHICLE TOW AND GUIDANCE SYSTEM 

For the testing utilizing the 1100C and 2270P vehicles, each vehicle was towed 
into the test installation using a steel cable guidance and reverse tow system. A steel 
cable for guiding the test vehicle was tensioned along the path, anchored at each end, 
and threaded through an attachment to the front wheel of the test vehicle. An additional 
steel cable was connected to the test vehicle, passed around a pulley near the impact 
point and through a pulley on the tow vehicle, and then anchored to the ground such 
that the tow vehicle moved away from the test site. For test 616401-01-1, a 1:1 speed 
ratio between the test and tow vehicle existed with this system. For all other tests, a 2:1 
speed ratio between the test and tow vehicle existed with this system. Just prior to 
impact with the installation, the test vehicle was released and ran unrestrained. The 
vehicle remained freewheeling (i.e., no steering or braking inputs) until it cleared the 
immediate area of the test site. 

6.3. DATA ACQUISITION SYSTEMS 

6.3.1. Vehicle Instrumentation and Data Processing 

Each test vehicle was instrumented with a self-contained onboard data 
acquisition system. The signal conditioning and acquisition system is a multi-channel 
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data acquisition system (DAS) produced by Diversified Technical Systems Inc. The 
accelerometers, which measure the x, y, and z axis of vehicle acceleration, are strain 
gauge type with linear millivolt output proportional to acceleration. Angular rate sensors, 
measuring vehicle roll, pitch, and yaw rates, are ultra-small, solid-state units designed 
for crash test service. The data acquisition hardware and software conform to the 
MASH recommended version of SAE J211, Instrumentation for Impact Test. Each of the 
channels is capable of providing precision amplification, scaling, and filtering based 
on transducer specifications and calibrations. During the test, data are recorded from 
each channel at a rate of 10,000 samples per second with a resolution of one part in 
65,536. Once data are recorded, internal batteries back these up inside the unit in 
case the primary battery cable is severed. Initial contact of the pressure switch on the 
vehicle bumper provides a time zero mark and initiates the recording process. After 
each test, the data are downloaded from the DAS unit into a laptop computer at the test 
site. The Test Risk Assessment Program (TRAP) software then processes the raw data 
to produce detailed reports of the test results.   

Each DAS is returned to the factory annually for complete recalibration and to 
ensure that all instrumentation used in the vehicle conforms to the specifications 
outlined by SAE J211. All accelerometers are calibrated annually by means of an 
ENDEVCOÒ 2901 precision primary vibration standard. This standard and its support 
instruments are checked annually and receive a calibration traceable to the International 
System of Units (SI).  Measurement Uncertainties have been determined  for critical 
parameters involved in this testing, and are available upon request by the Sponsor. 

TRAP uses the DAS-captured data to compute the occupant to vehicle contact 
impact velocities, time of occupant to vehicle contact after vehicle impact, and highest 
10˗millisecond (ms) average ridedown acceleration. TRAP calculates change in vehicle 
velocity at the end of a given impulse period. In addition, maximum average 
accelerations over 50˗ms intervals in each of the three directions are computed. For 
reporting purposes, the data from the vehicle-mounted accelerometers are filtered with 
an SAE Class 180-Hz low-pass digital filter, and acceleration versus time curves for the 
longitudinal, lateral, and vertical directions are plotted using TRAP.   

TRAP uses the data from the yaw, pitch, and roll rate transducers to compute 
angular displacement in degrees at 0.0001-s intervals, and then plots yaw, pitch, and 
roll versus time. These displacements are in reference to the vehicle-fixed coordinate 
system with the initial position and orientation being initial impact. Measurement 
Uncertainties have been determined  for critical parameters involved in this testing, and 
are available upon request by the Sponsor.  

6.3.2. Anthropomorphic Dummy Instrumentation 

An Alderson Research Laboratories Hybrid II, 50th percentile male 
anthropomorphic dummy, restrained with lap and shoulder belts, was placed in the front 
seat on the passenger side of the 1100C vehicle. The dummy was not instrumented.  

According to MASH, use of a dummy in the 2270P vehicle is optional, and no 
dummy was used in the test. 
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6.3.3. Photographic Instrumentation Data Processing 

Photographic coverage of each test included two digital high-speed cameras: 

• One placed with a field of view perpendicular to the impact path and in-line 
with the point of impact  

• One placed downstream from the impact point at an oblique angle to the 
impact path 

A flashbulb on the impacting vehicle was activated by a pressure-sensitive tape 
switch to indicate the instant of contact with the test article. The flashbulb was visible 
from each camera. The video files from these digital high-speed cameras were 
analyzed to observe phenomena occurring during the collision and to obtain time-event, 
displacement, and angular data. A digital camera recorded and documented conditions 
of each test vehicle and the installation before and after the test. 
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CHAPTER 7. MASH TEST 3-60 (CRASH TEST 616401-01-1) 

7.1. TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS 

See Table 7.1 for details of MASH impact conditions for this test and Table 7.2 
for the exit parameters. Figure 7-1 and Figure 7-2 depict the target impact setup. 

Table 7.1. Impact Conditions for MASH TEST 3-60, Crash Test 616401-01-1. 

Test Parameter Specification Tolerance Measured 

Impact Speed 19 mi/h ±2.5 mi/h 18.8 mi/h 

Impact Angle 0° ±1.5° 0° 

Kinetic Energy 34 kip-ft ≤34 kip-ft 29.1 kip-ft 

Impact Location  
Centerline of the 
vehicle aligned with 
the centerline of sign 

±6 inches 
Centerline of the 
vehicle aligned with 
the centerline of sign 

Table 7.2. Exit Parameters for MASH TEST 3-60, Crash Test 616401-01-1. 

Exit Parameter Measured 

Speed 14.4mi/h 

Brakes applied post impact >5 seconds 

Vehicle at rest position 
187 ft downstream of impact point 
In line relative to the impact path 

Comments:  Vehicle remained upright and stable 
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Figure 7-1. Route Marker Assembly Sign with Large Sign Supports /Test Vehicle 
Geometrics for Test 616401-01-1. 

 

Figure 7-2. Route Marker Assembly Sign with Large Sign Supports /Test Vehicle 
Impact Location 616401-01-1. 
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7.2. WEATHER CONDITIONS 

Table 7.3 provides the weather conditions for 616401-01-1. 

Table 7.3. Weather Conditions 616401-01-1. 

Date of Test 2023-05-04  

Wind Speed 8 mi/h 

Wind Direction 83° 

Temperature 72 °F 

Relative Humidity 86 % 

Vehicle Traveling 170° 

7.3. TEST VEHICLE  

Figure 7-3 and Figure 7-4 show the 2019 Nissan Versa used for the crash test. 
Table 7.4 shows the vehicle measurements. Figure C.1 in Appendix C.1 gives additional 
dimensions and information on the vehicle. 

 

Figure 7-3. Impact Side of Test Vehicle before Test 616401-01-1. 
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Figure 7-4. Rear of the Test Vehicle before Test 616401-01-1. 

Table 7.4. Vehicle Measurements for Test 616401-01-1. 

Test Parameter Specification Tolerance Measured 

Dummy Mass (if applicable)a  165 lb N/A 165 lb 

Inertial Mass 2420 lb ±55 lb 2464 lb 

Gross Statica Mass 2585 lb ±55 lb 2629 lb 

Wheelbase 98 inches ±5 inches 102.4 inches 

Front Overhang 35 inches ±4 inches 32.5 inches 

Overall Length 169 inches ±8 inches 175.4 inches 

Overall Width 65 inches ±3 inches 66.7 inches 

Hood Height 28 inches ±4 inches 30.5 inches 

Track Widthb 59 inches ±2 inches 58.4 inches 

CG aft of Front Axlec 39 inches ±4 inches 41.5 inches 

CG above Groundc,d N/A inches N/A inches N/A inches 

Note: N/A = not applicable; CG = center of gravity. 
a If a dummy is used, the gross static vehicle mass should be increased by the mass of the 
dummy. 
b Average of front and rear axles. 
c For test inertial mass. 
d 2270P vehicle must meet minimum CG height requirement. 
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7.4. TEST DESCRIPTION 

Table 7.5 lists events that occurred during Test 616401-01-1. Figures C.4 and 
C.5 in Appendix C.2 present sequential photographs during the test. 

Table 7.5. Events during Test 616401-01-1. 

Time  Events 

0.0000 s Vehicle impacted the installation 

0.0190 s Right (passenger side) support base released 

0.0240 s Left (driver side) support base released 

0.6920 s Sign contacted roof of car 

7.5. DAMAGE TO TEST INSTALLATION 

The sign released at the slip base and remained on top of the car. The second 
from the bottom through the fourth from the bottom stiffeners were deformed. Figure 7-5 
and Figure 7-6 show the damage to the Route Marker Assembly Sign with Large Sign 
Supports. 

 

Figure 7-5. Route Marker Assembly Sign with Large Sign Supports after Test 
616401-01-1. 
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Figure 7-6. Footers for the Route Marker Assembly Sign with Large Sign Supports  
after Test 616401-01-1. 

7.6. DAMAGE TO TEST VEHICLE 

Figure 7-7 through Figure 7-9 show the damage sustained by the vehicle. and 
Figure 7-10 shows the interior of the test vehicle. Table 7.6 and Table 7.7 provide 
details on the occupant compartment deformation and exterior vehicle damage. Figures 
C.2 and C.3 in Appendix C.1 provide exterior crush and occupant compartment 
measurements. 

 

Figure 7-7. Impact Side of Test Vehicle after Test 616401-01-1. 
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Figure 7-8. Rear of Test Vehicle after Test 616401-01-1. 

 

Figure 7-9. Test Vehicle Windshield Damage after Test 616401-01-1. 
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Figure 7-10. Interior Roof of Test Vehicle after Test 616401-01-1. 

Table 7.6. Occupant Compartment Deformation 616401-01-1. 

Test Parameter Specification Measured 

Roof ≤4.0 inches 2.5 inches 

Windshield ≤3.0 inches 0 inches 

A and B Pillars ≤5.0 overall/≤3.0 lateral inches 0 inches 

Foot Well/Toe Pan ≤9.0 inches 0 inches 

Floor Pan/Transmission Tunnel ≤12.0 inches 0 inches 

Side Front Panel  ≤12.0 inches 0 inches 

Front Door (above Seat) ≤9.0 inches 0 inches 

Front Door (below Seat) ≤12.0 inches 0 inches 
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Table 7.7. Exterior Vehicle Damage 616401-01-1. 

Side Windows Side windows remained intact 

Maximum Exterior 
Deformation 

2.5 inches in the top plane at the roof of the vehicle 

VDS 12FC1 

CDC 12FCHW1 

Fuel Tank Damage None 

Description of Damage to 
Vehicle:   

The windshield had a 2-inch wide× 1.5-inch long orbital fracture 
on the driver's side at the top, and a 2.5-inch wide × 2-inch 
long orbital fracture in the middle at the top, but neither had a 
hole. The roof had a 2-inch dent in the front and a 2.5-inch dent 
at the rear. The bumper cover was fractured, and the back 
glass shattered due to the flexing of the roof and the weight of 
the sign on the glass, but there was no penetration of the test 
article into the occupant compartment. The rear spoiler was 
released from the vehicle, and there were two small dents on 
the trunk lid. 

7.7. OCCUPANT RISK FACTORS 

Data from the accelerometers were digitized for evaluation of occupant risk, and 
the results are shown in Table 7.8. Figure C.6 in Appendix C.3 shows the vehicle 
angular displacements, and Figures C.7 through C.9 in Appendix C.4 show acceleration 
versus time traces.  
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Table 7.8. Occupant Risk Factors for Test 616401-01-1. 

Test Parameter Specification a Measured Time 

OIV, Longitudinal ≤16.0 ft/s 

10.0 ft/s 

5.8 ft/s 0.3631 seconds on front of interior 

OIV, Lateral ≤40.0 ft/s 

30.0 ft/s 

0.3 ft/s 0.3631 seconds on front of interior 

Ridedown, Longitudinal ≤20.49 g 

15.0 g 

1.6 g 0.6878 -  0.6978 seconds 

Ridedown, Lateral ≤20.49 g 

15.0 g 

0.8 g 0.6916 -  0.7016 seconds 

Theoretical Head Impact  
Velocity (THIV) 

N/A 1.8 m/s 0.3631  seconds on front of 
interior 

Acceleration Severity 
Index 

N/A 0.4 0.7850 -  0.8350 seconds 

50-ms Moving Avg. 
Accelerations (MA) 
Longitudinal 

N/A -3.3 g 0.0053 -  0.0553 seconds 

50-ms MA Lateral N/A -0.4 g 0.7330 -  0.7830 seconds 

50-ms MA Vertical N/A -3.9 g 0.7593 -  0.8093 seconds 

Roll ≤75° 1.8° 1.7065 seconds 

Pitch ≤75° 3.2° 1.8961 seconds 

Yaw N/A 0.7° 2.0000 seconds 
a.  Values in italics are the preferred MASH values 

7.8. TEST SUMMARY  

Figure 5.11 summarizes the results of MASH Test 616401-01-1. The Route 
Marker Assembly sign met the MASH criteria for MASH test 3-60. 
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GENERAL INFORMATION 

Test Agency: Texas A&M Transportation Institute (TTI) 

Test Standard/Test No.: MASH 2016, Test 3-60  

Project No.: 616401-01-1 

Test Date: 2023-05-04 

TEST ARTICLE 
Type: Support Structures 

Name: Route Marker Assembly Sign with Large Sign Supports  

Length: 22 feet and 11 inches 

Key Materials: Aluminum signs, steel posts, steel slip bases, concrete footings 
Soil Type and Condition: Native Soil, dry 

TEST VEHICLE 

Type/Designation: 1100C 

Year, Make and Model: 2019 Nissan Versa 
Inertial Mass: 2464 lb 

Dummy Mass: 165 lb 

Gross Static Mass: 2629 lb 

IMPACT CONDITIONS 
Impact Speed:  18.8 mi/h 

Impact Angle: 0° 

Impact Location: Centerline of the vehicle aligned with the centerline of sign 

Kinetic Energy: 29.1 kip-ft 

EXIT CONDITIONS 

Exit Speed: 14.4mi/h 

Stopping Distance:  
187 ft downstream  
In line 

VEHICLE DAMAGE 

VDS: 12FC1 

CDC: 12FCHW1 
Max Exterior Deformation: 2.5 inches 

Max Occupant Compartment 
Deformation: 

2.5 inches in the roof  

Occupant Risk Values 
Long. OIV 5.8 ft/s 

Lat. OIV 0.3 ft/s 

Long. Ridedown 1.6 g 

Lat. Ridedown 0.8 g 
THIV 1.8 m/s 

ASI 0.4 

Max 50-ms Long. -3.3 g 

Max 50-ms Lat. -0.4 g 
Max 50-ms Vert. -3.9 g 

Max Roll 1.8° 

Max Pitch 3.2° 

Max Yaw 0.7° 

 

  

Figure 7-11. Summary of Results for MASH Test 3-60 on Route Marker Assembly Sign with Large Sign Supports.
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CHAPTER 8. MASH TEST 3-61 (CRASH TEST 616401-01-2) 

8.1. TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS 

See Table 8.1 for details of MASH impact conditions for this test and Table 8.2 
for the exit parameters. Figure 8-1 and Figure 8-2 depict the target impact setup. 

Table 8.1. Impact Conditions for MASH TEST 3-61, Crash Test 616401-01-2. 

Test Parameter Specification Tolerance Measured 

Impact Speed 62 mi/h ±2.5 mi/h 62.8 mi/h 

Impact Angle 90° ±1.5° 90° 

Kinetic Energy 288 kip-ft ≥288 kip-ft 320 kip-ft 

Impact Location  

Centerline of the 
vehicle aligned with 
the centerline of the 
sign posts 

±6 inches 

Centerline of the 
vehicle aligned with 
the centerline of the 
sign posts 

Table 8.2. Exit Parameters for MASH TEST 3-61, Crash Test 616401-01-2. 

Exit Parameter Measured 

Speed 54.3mi/h 

Brakes applied post impact 1.9 seconds 

Vehicle at rest position 
236 ft downstream of impact point 
2 ft to the left 

Comments:  Vehicle remained upright and stable 
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Figure 8-1. Route Marker Assembly Sign with Large Sign Supports /Test Vehicle 
Geometrics for Test 616401-01-2. 

 

Figure 8-2. Route Marker Assembly Sign with Large Sign Supports /Test Vehicle 
Impact Location 616401-01-2. 
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8.2. WEATHER CONDITIONS 

Table 8.3 provides the weather conditions for 616401-01-2. 

Table 8.3. Weather Conditions 616401-01-2. 

Date of Test 2023-05-04  

Wind Speed 10 mi/h 

Wind Direction 81° 

Temperature 74 °F 

Relative Humidity 88 % 

Vehicle Traveling 170° 

8.3. TEST VEHICLE  

Figure 8-3 and Figure 8-4 show the 2018 Nissan Versa used for the crash test. 
Table 8.4 shows the vehicle measurements. Figure D.1 in Appendix D.1 gives additional 
dimensions and information on the vehicle. 

 

Figure 8-3. Impact Side of the Test Vehicle before Test 616401-01-2. 
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Figure 8-4. Rear of the Test Vehicle before Test 616401-01-2. 

Table 8.4. Vehicle Measurements 616401-01-2. 

Test Parameter Specification Tolerance Measured 

Dummy Mass (if applicable)a  165 lb N/A 165 lb 

Inertial Mass 2420 lb ±55 lb 2427 lb 

Gross Statica Mass 2585 lb ±55 lb 2592 lb 

Wheelbase 98 inches ±5 inches 102.4 inches 

Front Overhang 35 inches ±4 inches 32.5 inches 

Overall Length 169 inches ±8 inches 175.4 inches 

Overall Width 65 inches ±3 inches 66.7 inches 

Hood Height 28 inches ±4 inches 30.5 inches 

Track Widthb 59 inches ±2 inches 58.4 inches 

CG aft of Front Axlec 39 inches ±4 inches 42.7 inches 

CG above Groundc,d N/A inches N/A inches N/A inches 

Note: N/A = not applicable; CG = center of gravity. 
a If a dummy is used, the gross static vehicle mass should be increased by the mass of the 
dummy. 
b Average of front and rear axles. 
c For test inertial mass. 
d 2270P vehicle must meet minimum CG height requirement. 
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8.4. TEST DESCRIPTION 

Table 8.5 lists events that occurred during Test 616401-01-2. Figures D.4 and 
D.5 in Appendix D.2 present sequential photographs during the test. 

Table 8.5. Events during Test 616401-01-2. 

Time (s) Events 

0.0000 s Vehicle impacted the installation 

0.0150 s The impact support base released 

0.0440 s The downstream support released 

8.5. DAMAGE TO TEST INSTALLATION 

The impact sign post came rest at 138 feet downstream, and the downstream 
post at 8 feet downstream of impact. The two small signs on stiffeners stopped at 25 
feet downstream and 9 feet to the right of impact. The rest of the signs came to rest 36 
feet downstream. Figure 8-5 and Figure 8-6 show the damage to the Route Marker 
Assembly Sign with Large Sign Supports. 

 

Figure 8-5. Route Marker Assembly Sign with Large Sign Supports after Test 
616401-01-2. 
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Figure 8-6. Footers for the Route Marker Assembly Sign with Large Sign Supports  
after Test 616401-01-2. 

8.6. DAMAGE TO TEST VEHICLE 

Figure 8-7 through Figure 8-9 show the damage sustained by the vehicle. Figure 
8-10 shows the interior of the test vehicle. Table 8.6 and Table 8.7 provide details on 
the occupant compartment deformation and exterior vehicle damage. Figures D.2 and 
D.3 in Appendix D.1 provide exterior crush and occupant compartment measurements. 

 

Figure 8-7. Impact Side of Test Vehicle after Test 616401-01-2. 
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Figure 8-8. Rear of the Test Vehicle after Test 616401-01-2. 

 

Figure 8-9. Roof of the Test Vehicle after Test 616401-01-2. 
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Figure 8-10. Interior of Test Vehicle on after Test 616401-01-2. 

Table 8.6. Occupant Compartment Deformation 616401-01-2. 

Test Parameter Specification Measured 

Roof ≤4.0 inches 0 inches 

Windshield ≤3.0 inches 0 inches 

A and B Pillars ≤5.0 overall/≤3.0 inches lateral 0 inches 

Foot Well/Toe Pan ≤9.0 inches 0 inches 

Floor Pan/Transmission Tunnel ≤12.0 inches 0 inches 

Side Front Panel  ≤12.0 inches 0 inches 

Front Door (above Seat) ≤9.0 inches 0 inches 

Front Door (below Seat) ≤12.0 inches 0 inches 

Table 8.7. Exterior Vehicle Damage 616401-01-2. 

Side Windows Side windows remained intact 

Maximum Exterior Deformation 16 inches in the front plane at the front bumper 

VDS 12FC6 

CDC 12FCMN5 

Fuel Tank Damage None 

Description of Damage to 
Vehicle:   

There were fractures in the lower left corner of the 
windshield. Exterior deformation of the front bumper, grill, 
and hood pushed the fan into the engine, and the radiator 
was damaged.  
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8.7. OCCUPANT RISK FACTORS 

Data from the accelerometers were digitized for evaluation of occupant risk, and 
the results are shown in Table 8.8. Figure D.6 in Appendix D.3 shows the vehicle 
angular displacements, and Figures D.7 through D.9 in Appendix D.4 show acceleration 
versus time traces.  

Table 8.8. Occupant Risk Factors for Test 616401-01-2. 

Test Parameter Specification a Measured Time 

OIV, Longitudinal ≤16.0 ft/s 

10.0 ft/s 

10.4 ft/s 0.2284 seconds on front of 
interior 

OIV, Lateral ≤40.0 ft/s 

30.0 ft/s 

0.0 ft/s 0.2284 seconds on front of 
interior 

Ridedown, Longitudinal ≤20.49 g 

15.0 g 

0.8 g 0.2438 -  0.2538 seconds 

Ridedown, Lateral ≤20.49 g 

15.0 g 

0.5 g 0.2335 -  0.2435 seconds 

Theoretical Head Impact  
Velocity (THIV) 

N/A 3.2 m/s 0.2291  seconds on front of 
interior 

Acceleration Severity 
Index 

N/A 0.4 0.0299 -  0.0799 seconds 

50-ms Moving Avg. 
Accelerations (MA) 
Longitudinal 

N/A -5.3 g 0.0229 -  0.0729 seconds 

50-ms MA Lateral N/A 0.8 g 0.0717 -  0.1217 seconds 

50-ms MA Vertical N/A -4.3 g 0.0325 -  0.0825 seconds 

Roll ≤75° 0.8° 1.4999 seconds 

Pitch ≤75° 7.8° 1.4989 seconds 

Yaw N/A 7.7° 1.4999 seconds 
a.  Values in italics are the preferred MASH values 

8.8. TEST SUMMARY  

Figure 6.11 summarizes the results of MASH Test 616401-01-2. The Route 
Marker Assembly sign met the MASH criteria for MASH test 3-61. 
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GENERAL INFORMATION 

Test Agency: Texas A&M Transportation Institute (TTI) 

Test Standard/Test No.: MASH 2016, Test 3-61  

Project No.: 616401-01-2 

Test Date: 2023-05-04 

TEST ARTICLE 
Type: Support Structures 

Name: Route Marker Assembly Sign with Large Sign Supports  

Length: 22 feet and 11 inches 

Key Materials: Aluminum signs, steel posts, steel slip bases, concrete footings 
Soil Type and Condition: Native Soil, dry 

TEST VEHICLE 

Type/Designation: 1100C 

Year, Make and Model: 2018 Nissan Versa 
Inertial Mass: 2427 lb 

Dummy Mass: 165 lb 

Gross Static Mass: 2592 lb 

IMPACT CONDITIONS 
Impact Speed:  62.8 mi/h 

Impact Angle: 90° 

Impact Location: 
Centerline of the vehicle aligned with the centerline of the sign 
posts 

Kinetic Energy: 320 kip-ft 

EXIT CONDITIONS 

Exit Speed: 54.3mi/h 

Stopping Distance:  
236 ft downstream  
2 ft to the left side 

VEHICLE DAMAGE 

VDS: 12FC6 

CDC: 12FCMN5 
Max Exterior Deformation: 16 inches 

Max Occupant Compartment 
Deformation: 

No occupant compartment deformation 

Occupant Risk Values 
Long. OIV 10.4 ft/s 

Lat. OIV 0.0 ft/s 

Long. Ridedown 0.8 g 

Lat. Ridedown 0.5 g 
THIV 3.2 m/s 

ASI 0.4 

Max 50-ms Long. -5.3 g 

Max 50-ms Lat. 0.8 g 
Max 50-ms Vert. -4.3 g 

Max Roll 0.8° 

Max Pitch 7.8° 

Max Yaw 7.7° 

 

  

Figure 8-11. Summary of Results for MASH Test 3-61 on Route Marker Assembly Sign with Large Sign Supports. 
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CHAPTER 9. MASH TEST 3-62 (CRASH TEST 616401-01-3) 

9.1. TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS 

See Table 9.1 for details of MASH impact conditions for this test and Table 9.2 
for the exit parameters. Figure 9-1 and Figure 9-2 depict the target impact setup. 

Table 9.1. Impact Conditions for MASH TEST 3-62, Crash Test 616401-01-3. 

Test Parameter Specification Tolerance Measured 

Impact Speed 62 mi/h ±2.5 mi/h 62.9 mi/h 

Impact Angle 90° ±1.5° 90° 

Kinetic Energy 594 kip-ft ≥594 kip-ft 664.2 kip-ft 

Impact Location  

Centerline of the 
vehicle aligned with 
the centerline of the 
sign posts 

±6 inches 

Centerline of the 
vehicle aligned with 
the centerline of the 
sign posts 

Table 9.2. Exit Parameters for MASH TEST 3-62, Crash Test 616401-01-3. 

Exit Parameter Measured 

Speed 55.1 mi/h 

Brakes applied post impact 1.6 seconds 

Vehicle at rest position 
265 ft downstream of impact point 
2 ft to the left 

Comments:  Vehicle remained upright and stable 
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Figure 9-1. Guide Sign with Large Sign Supports /Test Vehicle Geometrics for 
Test 616401-01-3. 

 

Figure 9-2. Guide Sign with Large Sign Supports /Test Vehicle Impact Location 
616401-01-3. 
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9.2. WEATHER CONDITIONS 

Table 9.3 provides the weather conditions for 616401-01-3. 

Table 9.3. Weather Conditions 616401-01-3. 

Date of Test 2023-05-04  

Wind Speed 5 mi/h 

Wind Direction 57° 

Temperature 80 °F 

Relative Humidity 79 % 

Vehicle Traveling 170° 

9.3. TEST VEHICLE  

Figure 9-3 and Figure 9-4 show the 2017 RAM 1500 used for the crash test. 
Table 9.4 shows the vehicle measurements. Figure E.1 in Appendix E.1 gives additional 
dimensions and information on the vehicle. 

 

Figure 9-3. Impact Side of Test Vehicle before Test 616401-01-3. 
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Figure 9-4. Rear of the Test Vehicle before Test 616401-01-3. 

Table 9.4. Vehicle Measurements 616401-01-3. 

Test Parameter Specification Tolerance Measured 

Dummy Mass (if applicable)a  165 lb N/A N/A 

Inertial Mass 5000 lb ±110 lb 5022 lb 

Gross Statica Mass 5000 lb ±110 lb 5022 lb 

Wheelbase 148 inches ±12 inches 140.5 inches 

Front Overhang 39 inches ±3 inches 40 inches 

Overall Length 237 inches ±13 inches 227.5 inches 

Overall Width 78 inches ±2 inches 78.5 inches 

Hood Height 43 inches ±4 inches 46 inches 

Track Widthb 67 inches ±1.5 inches 68.3 inches 

CG aft of Front Axlec 63 inches ±4 inches 61.6 inches 

CG above Groundc,d 28 inches ≥28 inches 28.5 inches 

Note: N/A = not applicable; CG = center of gravity. 
a If a dummy is used, the gross static vehicle mass should be increased by the mass of the 
dummy. 
b Average of front and rear axles. 
c For test inertial mass. 
d 2270P vehicle must meet minimum CG height requirement. 
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9.4. TEST DESCRIPTION 

Table 9.5 lists events that occurred during Test 616401-01-3. Figures E.4 and 
E.5 in Appendix E.2 present sequential photographs during the test. 

Table 9.5. Events during Test 616401-01-3. 

Time (s) Events 

0.0000 s Vehicle impacted the installation 

0.0070 s The impact support post base released 

0.0940 s Front lower corner of sign impacted roof 

0.1290 s The downstream support post base released 

9.5. DAMAGE TO TEST INSTALLATION 

The post assemblies released from the sign panel assembly, and the sign panel 
assembly came to rest 95 feet downstream and 35 feet to the left of impact. The upper 
support posts released from the lower support posts, with one upper post coming to rest 
45 feet downstream and 4 feet to the right of impact. The second upper post stopped at 
137 feet downstream and 6 feet to the right. One lower post came to rest 265 feet 
downstream and 45 feet to the right of impact. The second lower post stopped at 358 
feet downstream and 17 feet to the left. The downstream slip base bent downstream 
and was raised 1.5 inches above the installed height on impact side. Figure 9-5 and 
Figure 9-6 show the damage to the Guide Sign with Large Sign Supports. 

 

Figure 9-5. Guide Sign with Large Sign Supports at Impact Location after Test 
616401-01-3. 
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Figure 9-6. Footer for the Guide Sign with Large Sign Supports after Test 616401-
01-3. 

9.6. DAMAGE TO TEST VEHICLE 

Figure 9-7 through Figure 9-9 show the damage sustained by the vehicle. Figure 
9-10 shows the interior of the test vehicle. Table 9.6 and Table 9.7 provide details on 
the occupant compartment deformation and exterior vehicle damage. Figures E.2 and 
E.3 in Appendix E.1 provide exterior crush and occupant compartment measurements. 

 

Figure 9-7. Impact Side of Test Vehicle after Test 616401-01-3. 
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Figure 9-8. Rear of the Test Vehicle after Test 616401-01-3. 

 

Figure 9-9. Roof of the Test Vehicle after Test 616401-01-3. 
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Figure 9-10. Interior of Test Vehicle after Test 616401-01-3. 

Table 9.6. Occupant Compartment Deformation 616401-01-3. 

Test Parameter Specification Measured 

Roof ≤4.0 inches 6.5 inches 

Windshield ≤3.0 inches 5 inches 

A and B Pillars ≤5.0 overall/≤3.0 inches 
lateral 

0 inches 

Foot Well/Toe Pan ≤9.0 inches 0 inches 

Floor Pan/Transmission Tunnel ≤12.0 inches 0 inches 

Side Front Panel  ≤12.0 inches 0 inches 

Front Door (above Seat) ≤9.0 inches 0 inches 

Front Door (below Seat) ≤12.0 inches 0 inches 
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Table 9.7. Exterior Vehicle Damage 616401-01-3. 

Side Windows Side windows remained intact 

Maximum Exterior Deformation 15 inches in the front plane at the front bumper 

VDS 12FC5 

CDC 12FCHW5 

Fuel Tank Damage None 

Description of Damage to 
Vehicle:   

There were multiple tears on the exterior of the vehicle. The 
hood had a 3-inch wide × 19-inch long tear. The roof had a 
1-inch wide× 10-inch long tear in the center near the front, a 
1-inch wide × 2-inch long tear on the front right near the 
center, a 2-inch wide × 7-inch long tear on the front left near 
the center, and 5.5-inch wide × 17-inch long rip near the rear. 
The front bumper released from the vehicle, and the grill and 
radiator were fractured and deformed, which caused the fan 
to push into the engine block. The right and left headlights 
released from the vehicle, and the hood latch released, 
resulting in the hood flying into the windshield. The 
windshield was severely fractured and deformed 5 inches 
into occupant compartment, and the rear windshield was 
shattered. 

9.7. OCCUPANT RISK FACTORS 

Data from the accelerometers were digitized for evaluation of occupant risk, and 
the results are shown in Table 9.8. Figure E.6 in Appendix E.3 shows the vehicle 
angular displacements, and Figures E.7 through E.9 in Appendix E.4 show acceleration 
versus time traces.  
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Table 9.8. Occupant Risk Factors for Test 616401-01-3. 

Test Parameter Specification a Measured Time 

OIV, Longitudinal ≤16.0 ft/s 

10.0 ft/s 

10.9 ft/s 0.2923 seconds on front of 
interior 

OIV, Lateral ≤40.0 ft/s 

30.0 ft/s 

1.2 ft/s 0.2923 seconds on front of 
interior 

Ridedown, Longitudinal ≤20.49 g 

15.0 g 

0.9 g 0.2923 -  0.3023 seconds 

Ridedown, Lateral ≤20.49 g 

15.0 g 

1.1 g 0.3728 -  0.3828 seconds 

Theoretical Head Impact  
Velocity (THIV) 

N/A 3.4 m/s 0.2925  seconds on front of 
interior 

Acceleration Severity 
Index 

N/A 0.3 0.1312 -  0.1812 seconds 

50-ms Moving Avg. 
Accelerations (MA) 
Longitudinal 

N/A -3.2 g 0.0999 -  0.1499 seconds 

50-ms MA Lateral N/A -0.7 g 0.3060 -  0.3560 seconds 

50-ms MA Vertical N/A -2 g 0.1401 -  0.1901 seconds 

Roll ≤75° 2.4° 1.4453 seconds 

Pitch ≤75° 3.8° 0.3674 seconds 

Yaw N/A 3.4° 1.5000 seconds 
a.  Values in italics are the preferred MASH values 

 

9.8. TEST SUMMARY  

Figure 9-11 summarizes the results of MASH Test 616401-01-3. Due to the 6.5 
inch deformation in the roof exceeding the MASH limit of 4 inches, and the penetration 
of the test article through the roof, the guide sign with large sign supports failed to meet 
MASH Criteria D for MASH test 3-62. 
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GENERAL INFORMATION 

Test Agency: Texas A&M Transportation Institute (TTI) 

Test Standard/Test No.: MASH 2016, Test 3-62  

Project No.: 616401-01-3 

Test Date: 2023-05-04 

TEST ARTICLE 
Type: Support Structures 

Name: Guide Sign with Large Sign Supports  

Length: 13 feet 4 inches 

Key Materials: Aluminum signs, steel posts, steel slip bases, concrete footings 
Soil Type and Condition: Native Soil, dry 

TEST VEHICLE 

Type/Designation: 2270P 

Year, Make and Model: 2017 RAM 1500 
Inertial Mass: 5022 lb 

Dummy Mass: N/A 

Gross Static Mass: 5022 lb 

IMPACT CONDITIONS 
Impact Speed:  62.9 mi/h 

Impact Angle: 90° 

Impact Location: 
Centerline of the vehicle aligned with the centerline of the sign 
posts 

Kinetic Energy: 664.2 kip-ft 

EXIT CONDITIONS 

Exit Speed: 55.1mi/h 

Stopping Distance:  
265 ft downstream  
left ft to the 2 side 

VEHICLE DAMAGE 

VDS: 12FC5 

CDC: 12FCHW5 
Max Exterior Deformation: 15 inches 

Max Occupant Compartment 
Deformation: 

6.5 inches in the roof  

Occupant Risk Values 
Long. OIV 10.9 ft/s 

Lat. OIV 1.2 ft/s 

Long. Ridedown 0.9 g 

Lat. Ridedown 1.1 g 
THIV 3.4 m/s 

ASI 0.3 

Max 50-ms Long. -3.2 g 

Max 50-ms Lat. -0.7 g 
Max 50-ms Vert. -2 g 

Max Roll 2.4° 

Max Pitch 3.8° 

Max Yaw 3.4° 

 

  

Figure 9-11. Summary of Results for MASH Test 3-62 on Guide Sign with Large Sign Supports. 
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CHAPTER 10. MASH TEST 3-62 (CRASH TEST 616401-01-9) 

10.1. TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS 

See Table 10.1 for details of MASH impact conditions for this test and Table 10.2 
for the exit parameters. Figure 10-1 and Figure 10-2 depict the target impact setup. 

Table 10.1. Impact Conditions for MASH TEST 3-62, Crash Test 616401-01-9. 

Test Parameter Specification Tolerance Measured 

Impact Speed 62 mi/h ±2.5 mi/h 63.2 mi/h 

Impact Angle 90° ±1.5° 90° 

Kinetic Energy 594 kip-ft ≥594 kip-ft 670.6 kip-ft 

Impact Location  

Centerline of the 
vehicle aligned with 
the centerline of the 
sign posts 

±6 inches 

Centerline of the 
vehicle aligned with 
the centerline of the 
sign post 

Table 10.2. Exit Parameters for MASH TEST 3-62, Crash Test 616401-01-9. 

Exit Parameter Measured 

Speed 54.4mi/h 

Brakes applied post impact 1.5 seconds 

Vehicle at rest position 
279 ft downstream of impact point 
9 ft to the left 

Comments:  Vehicle remained upright and stable 
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Figure 10-1. Guide Sign with Large Sign Supports /Test Vehicle Geometrics for 
Test 616401-01-9. 

 

Figure 10-2. Guide Sign with Large Sign Supports /Test Vehicle Impact Location 
616401-01-9. 
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10.2. WEATHER CONDITIONS 

Table 10.3 provides the weather conditions for 616401-01-9. 

Table 10.3. Weather Conditions 616401-01-9. 

Date of Test 2023-09-25  

Wind Speed 6 mi/h 

Wind Direction 100° 

Temperature 78 °F 

Relative Humidity 91 % 

Vehicle Traveling 170° 

10.3. TEST VEHICLE  

Figure 10-3 and Figure 10-4 show the 2017 RAM 1500 used for the crash test. 
Table 10.4 shows the vehicle measurements. Figure H.1 in Appendix H.1 gives 
additional dimensions and information on the vehicle. 

 

Figure 10-3. Impact Side of Test Vehicle before Test 616401-01-9. 



 

TR No. 616401-01 152 2025-01-24 

 

Figure 10-4. Rear of the Test Vehicle before Test 616401-01-9. 

Table 10.4. Vehicle Measurements 616401-01-9. 

Test Parameter Specification Tolerance Measured 

Dummy Mass (if applicable)a  165 lb N/A N/A 

Inertial Mass 5000 lb ±110 lb 5022 lb 

Gross Statica Mass 5000 lb ±110 lb 5022 lb 

Wheelbase 148 inches ±12 inches 140.5 inches 

Front Overhang 39 inches ±3 inches 40 inches 

Overall Length 237 inches ±13 inches 227.5 inches 

Overall Width 78 inches ±2 inches 78.5 inches 

Hood Height 43 inches ±4 inches 46 inches 

Track Widthb 67 inches ±1.5 inches 68.3 inches 

CG aft of Front Axlec 63 inches ±4 inches 61.2 inches 

CG above Groundc,d 28 inches 28 inches 28.4 inches 

Note: N/A = not applicable; CG = center of gravity. 
a If a dummy is used, the gross static vehicle mass should be increased by the mass of the 
dummy. 
b Average of front and rear axles. 
c For test inertial mass. 
d 2270P vehicle must meet minimum CG height requirement. 
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10.4. TEST DESCRIPTION 

Table 10.5 lists events that occurred during Test 616401-01-9. Figures H.4 and 
H.5 in Appendix H.2 present sequential photographs during the test. 

Table 10.5. Events during Test 616401-01-9. 

Time (s) Events 

0.0000 s Vehicle impacted the installation 

0.0050 s The impact support post base began to release 

0.0890 s 
The impact support post contacted the downstream support post approximately 
50 inches up from base 

0.0940 s The downstream support post base began to bend  

0.1310 s The downstream support post base began to release 

0.3140 s 
Vehicle exited the impact site at 55.4 mi/h with the downstream lower support 
post trapped under the vehicle 

10.5. DAMAGE TO TEST INSTALLATION 

The downstream footer was cracked, and the soil around it was disturbed. The 
upstream anchor bolt and the fuse plate did not release from the impact footer, and the 
downstream footer was bent downstream. The sign panel assembly and downstream 
upper support posts came to rest 32 feet downstream and 8 feet to the right. The lower 
downstream support post stopped at 188 feet downstream and 3 feet to the left. The 
lower impact support post came to rest 376 feet downstream. This post was deformed 
in the middle with tearing and scuffing. Figure 10-5 and Figure 10-6 show the damage 
to the Guide Sign with Large Sign Supports. 
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Figure 10-5. Guide Sign with Large Sign Supports at Impact Location after Test 
616401-01-9. 

 

Figure 10-6. Footer for the Guide Sign with Large Sign after Test 616401-01-9. 

10.6. DAMAGE TO TEST VEHICLE 

Figure 10-7 through Figure 10-10 show the damage sustained by the vehicle. Figure 
10-11 shows the interior of the test vehicle. Table 10.6 and   
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Table 10.7 provide details on the occupant compartment deformation and 
exterior vehicle damage. Figures H.2 and H.3 in Appendix H.1 provide exterior crush 
and occupant compartment measurements. 

 

Figure 10-7. Impact Side of Test Vehicle after Test 616401-01-9. 

 

Figure 10-8. Roof of the Test Vehicle after Test 616401-01-9. 
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Figure 10-9. Detail of Roof Damage on the Test Vehicle after Test 616401-01-9. 

 

Figure 10-10. Test Vehicle Windshield Damage after Test 616401-01-9. 
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Figure 10-11. Interior of the Test Vehicle after Test 616401-01-9. 

Table 10.6. Occupant Compartment Deformation 616401-01-9. 

Test Parameter Specification Measured 

Roof ≤4.0 inches 2 inches 

Windshield ≤3.0 inches 0 inches 

A and B Pillars ≤5.0 overall/≤3.0 inches lateral 0 inches 

Foot Well/Toe Pan ≤9.0 inches 0 inches 

Floor Pan/Transmission Tunnel ≤12.0 inches 0 inches 

Side Front Panel  ≤12.0 inches 0 inches 

Front Door (above Seat) ≤9.0 inches 0 inches 

Front Door (below Seat) ≤12.0 inches 0 inches 
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Table 10.7. Exterior Vehicle Damage 616401-01-9. 

Side Windows Side windows remained intact 

Maximum Exterior Deformation 9 inches in the front plane at the front bumper 

VDS 12FC5 

CDC 12FCAW3 

Fuel Tank Damage None 

Description of Damage to 
Vehicle:   

The windshield had a 3-inch wide × 1.5-inch long tear on the 
lower left side 5 inches from its base near the center along 
with a 1 inch deformation in the windshield. There were 
multiple tears on the exterior of the vehicle. The roof had a 
1.3-inch wide × 19-inch long tear 25 inches from the front of 
the windshield and 21 inches across from the left front door, 
an 18-inch wide × 1.5-inch long tear 24 inches from front of 
windshield 25 inches across from left front door, and a 7-inch 
wide × 1.3-inch long tear at the rear 17 inches away from left 
rear door. The bumper, grill, hood, radiator, and support were 
damaged, and the bumper frame and mounting brackets 
were bent. Both headlights were fractured, and the oil pan 
and drive shaft were dented. 

10.7. OCCUPANT RISK FACTORS 

Data from the accelerometers were digitized for evaluation of occupant risk, and 
the results are shown in Table 10.8. Figure H.6 in Appendix H.3 shows the vehicle 
angular displacements, and Figures H.7 through H.9 in Appendix H.4 show acceleration 
versus time traces.  
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Table 10.8. Occupant Risk Factors for Test 616401-01-9. 

Test Parameter Specification a Measured Time 

OIV, Longitudinal ≤16.0 ft/s 

10.0 ft/s 

12.7 ft/s 0.2706 seconds on front of 
interior 

OIV, Lateral ≤40.0 ft/s 

30.0 ft/s 

0.2 ft/s 0.2706 seconds on front of 
interior 

Ridedown, Longitudinal ≤20.49 g 

15.0 g 

6.9 g 0.6964 -  0.7064 seconds 

Ridedown, Lateral ≤20.49 g 

15.0 g 

0.8 g 0.7166 -  0.7266 seconds 

Theoretical Head Impact  
Velocity (THIV) 

N/A 3.9 m/s 0.2706  seconds on front of 
interior 

Acceleration Severity 
Index 

N/A 0.4 0.1601 -  0.2101 seconds 

50-ms Moving Avg. 
Accelerations (MA) 
Longitudinal 

N/A -3.7 g 0.1097 -  0.1597 seconds 

50-ms MA Lateral N/A 0.5 g 0.8789 -  0.9289 seconds 

50-ms MA Vertical N/A -3.8 g 0.1372 -  0.1872 seconds 

Roll ≤75° 1.4° 0.2344 seconds 

Pitch ≤75° 4.8° 0.2812 seconds 

Yaw N/A 2.7° 0.9962 seconds 
a.  Values in italics are the preferred MASH values 

10.8. TEST SUMMARY  

Figure 10-12 summarizes the results of MASH Test 616401-01-9. Due to the 
penetration of the installation into the roof the guide sign with large sign supports failed 
to meet MASH Criteria D for MASH test 3-62. 
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GENERAL INFORMATION 

Test Agency: Texas A&M Transportation Institute (TTI) 
Test Standard/Test No.: MASH 2016, Test 3-62  

Project No.: 616401-01-9 

Test Date: 2023-09-25 

TEST ARTICLE 

Type: Support Structures 

Name: Guide Sign with Large Sign Supports  

Length: 13 feet 4 inches 
Key Materials: Aluminum signs, steel posts, steel slip bases, concrete footings 

Soil Type and Condition: Native Soil, dry 

TEST VEHICLE 
Type/Designation: 2270P 

Year, Make and Model: 2017 RAM 1500 

Inertial Mass: 5022 lb 

Dummy Mass: N/A 
Gross Static Mass: 5022 lb 

IMPACT CONDITIONS 

Impact Speed:  63.2 mi/h 

Impact Angle: 90° 
Impact Location: Centerline of the vehicle aligned with the centerline of the sign post 

Kinetic Energy: 670.6 kip-ft 

EXIT CONDITIONS 

Exit Speed: 54.4mi/h 

Stopping Distance:  
279 ft downstream  
9 ft to the left side 

VEHICLE DAMAGE 

VDS: 12FC5 
CDC: 12FCAW3 

Max Exterior Deformation: 9 inches 

Max Occupant Compartment 
Deformation: 

2 inches in the roof  

Occupant Risk Values 

Long. OIV 12.7 ft/s 

Lat. OIV 0.2 ft/s 
Long. Ridedown 6.9 g 

Lat. Ridedown 0.8 g 

THIV 3.9 m/s 

ASI 0.4 
Max 50-ms Long. -3.7 g 

Max 50-ms Lat. 0.5 g 

Max 50-ms Vert. -3.8 g 

Max Roll 1.4° 
Max Pitch 4.8° 

Max Yaw 2.7° 

 

  

Figure 10-12. Summary of Results for MASH Test 3-62 on Guide Sign with Large Sign Supports. 
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CHAPTER 11. MASH TEST 3-62 (CRASH TEST 616401-01-4) 

11.1. TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS 

See Table 11.1 for details of MASH impact conditions for this test and Table 11.2 
for the exit parameters. Figure 11-1 and Figure 11-2 depict the target impact setup. 

Table 11.1. Impact Conditions for MASH TEST 3-62, Crash Test 616401-01-4. 

Test Parameter Specification Tolerance Measured 

Impact Speed 62 mi/h ±2.5 mi/h 62.0 mi/h 

Impact Angle 90° ±1.5° 90° 

Kinetic Energy 594 kip-ft ≥594 kip-ft 645.5 kip-ft 

Impact Location  

Centerline of the 
vehicle aligned with 
the centerline of the 
sign posts 

±6 inches 

Centerline of the 
vehicle aligned with 
the centerline of the 
sign posts 

Table 11.2. Exit Parameters for MASH TEST 3-62, Crash Test 616401-01-4. 

Exit Parameter Measured 

Speed 51.5 mi/h 

Brakes applied post impact 2.2 seconds 

Vehicle at rest position 
279 ft downstream of impact point 
9 ft to the left 

Comments:  Vehicle remained upright and stable 
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Figure 11-1. Guide Sign with Large Sign Supports /Test Vehicle Geometrics for 
Test 616401-01-4. 

 

Figure 11-2. Guide Sign with Large Sign Supports /Test Vehicle Impact Location 
616401-01-4. 

11.2. WEATHER CONDITIONS 

Table 11.3 provides the weather conditions for 616401-01-4. 

Table 11.3. Weather Conditions 616401-01-4. 

Date of Test 2023-11-29  

Wind Speed 2 mi/h 

Wind Direction 173° 

Temperature 50 °F 

Relative Humidity 77 % 

Vehicle Traveling 170° 
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11.3. TEST VEHICLE  

Figure 11-3 and Figure 11-4 show the 2017 RAM 1500 used for the crash test. 
Table 11.4 shows the vehicle measurements. Figure F.1 in Appendix F.1 gives 
additional dimensions and information on the vehicle. 

 

Figure 11-3. Impact Side of Test Vehicle before Test 616401-01-4. 

 

Figure 11-4. Rear of the Test Vehicle before Test 616401-01-4. 
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Table 11.4. Vehicle Measurements 616401-01-4. 

Test Parameter Specification Tolerance Measured 

Dummy Mass (if applicable)a  165 lb N/A N/A 

Inertial Mass 5000 lb ±110 lb 5023 lb 

Gross Statica Mass 5000 lb ±110 lb 5023 lb 

Wheelbase 148 inches ±12 inches 140.5 inches 

Front Overhang 39 inches ±3 inches 40 inches 

Overall Length 237 inches ±13 inches 227.5 inches 

Overall Width 78 inches ±2 inches 78.5 inches 

Hood Height 43 inches ±4 inches 46 inches 

Track Widthb 67 inches ±1.5 inches 68.3 inches 

CG aft of Front Axlec 63 inches ±4 inches 61.3 inches 

CG above Groundc,d 28 inches 28 inches 28.6 inches 

Note: N/A = not applicable; CG = center of gravity. 
a If a dummy is used, the gross static vehicle mass should be increased by the mass of the 
dummy. 
b Average of front and rear axles. 
c For test inertial mass. 
d 2270P vehicle must meet minimum CG height requirement. 

11.4. TEST DESCRIPTION 

Table 11.5 lists events that occurred during Test 616401-01-4. Figures F.4 and 
F.5 in Appendix F.2 present sequential photographs during the test. 

Table 11.5. Events during Test 616401-01-4. 

Time (s) Events 

0.0000 s Vehicle impacted the installation 

0.0070 s The impact support post base began to release 

0.0290 s The impact support post fuse plate began to fracture 

0.0840 s The downstream support post fuse plate began to break 

0.1360 s The downstream support post base began to release 

0.1730 s The top of the impact support post impacted roof 

11.5. DAMAGE TO TEST INSTALLATION 

The lower impact support post came to rest 252 feet downstream and 25 feet to 
the right from impact. The lower downstream support post came to rest 312 feet 
downstream and 10 feet to the right. The lower downstream support post had a 10 inch 
bend 36 inches above the base with both impact side flanges torn. The upper impact 
support post released from the sign assembly and landed beneath the sign assembly 26 
feet downstream and 3 feet right relative to impact. The downstream concrete had a 1-
inch gap between the concrete and the soil on the impact side and the base was bent 
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downstream. Figure 11-5 and Figure 11-6 show the damage to the Guide Sign with 
Large Sign Supports. 

 

Figure 11-5. Guide Sign with Large Sign Supports at Impact Location after Test 
616401-01-4. 

 

Figure 11-6. Downstream Footer for the Guide Sign with Large Sign Supports 
after Test 616401-01-4. 
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11.6. DAMAGE TO TEST VEHICLE 

Figure 11-7 through Figure 11-9 show the damage sustained by the vehicle. 
Figure 11-10 shows the interior of the test vehicle. Table 11.6 and Table 11.7 provide 
details on the occupant compartment deformation and exterior vehicle damage. Figures 
F.2 and F.3 in Appendix F.1 provide exterior crush and occupant compartment 
measurements. 

 

Figure 11-7. Impact Side of Test Vehicle after Test 616401-01-4. 

 

Figure 11-8. Rear of the Test Vehicle after Test 616401-01-4. 
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Figure 11-9. Roof of the Test Vehicle after Test 616401-01-4. 

 

Figure 11-10. Interior of the Test Vehicle after Test 616401-01-4. 
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Table 11.6. Occupant Compartment Deformation 616401-01-4. 

Test Parameter Specification Measured 

Roof ≤4.0 inches 1.3 inches 

Windshield ≤3.0 inches 3 inches 

A and B Pillars ≤5.0 overall/≤3.0 inches lateral 0 inches 

Foot Well/Toe Pan ≤9.0 inches 0 inches 

Floor Pan/Transmission Tunnel ≤12.0 inches 0 inches 

Side Front Panel  ≤12.0 inches 0 inches 

Front Door (above Seat) ≤9.0 inches 0 inches 

Front Door (below Seat) ≤12.0 inches 0 inches 

Table 11.7. Exterior Vehicle Damage 616401-01-4. 

Side Windows Side windows remained intact 

Maximum Exterior Deformation 13 inches in the front plane above the bumper 

VDS 12FC3 

CDC 12FCHW3 

Fuel Tank Damage None 

Description of Damage to 
Vehicle:   

The roof was damaged, with a 30-inch long × 30-inch wide × 
1.3-inch deep dent, a 5-inch long × 0.8-inch wide tear 
8 inches from the left rear door and 22 inches from the back 
of the cab, a 3.3-inch long × 0.8-inch wide tear 13 inches 
from the left rear door and 19 inches from the back of the 
cab, and a 5-inch long × 1-inch wide tear in the roof at the 
brake light, which was shattered. The headlights and tailgate 
released from the vehicle. The bumper, grill, radiator, and 
supports were deformed, causing the fan to push into the 
motor. The hood released from the latch and flew into the 
windshield, fracturing it and causing a deformation with a 
maximum depth of 3 inches.  
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11.7. OCCUPANT RISK FACTORS 

Data from the accelerometers were digitized for evaluation of occupant risk, and 
the results are shown in Table 11.8. Figure F.6 in Appendix F.3 shows the vehicle 
angular displacements, and Figures F.7 through F.9 in Appendix F.4 show acceleration 
versus time traces.  

Table 11.8. Occupant Risk Factors for Test 616401-01-4. 

Test Parameter Specification a Measured Time 

OIV, Longitudinal ≤16.0 ft/s 

10.0 ft/s 

12.4 ft/s 0.2776 seconds on front of 
interior 

OIV, Lateral ≤40.0 ft/s 

30.0 ft/s 

1.3 ft/s 0.2776 seconds on front of 
interior 

Ridedown, Longitudinal ≤20.49 g 

15.0 g 

3 g 0.2981 -  0.3081 seconds 

Ridedown, Lateral ≤20.49 g 

15.0 g 

1.5 g 1.4366 -  1.4466 seconds 

Theoretical Head Impact  
Velocity (THIV) 

N/A 3.8 m/s 0.2777  seconds on front of 
interior 

Acceleration Severity 
Index 

N/A 0.4 0.1854 -  0.2354 seconds 

50-ms Moving Avg. 
Accelerations (MA) 
Longitudinal 

N/A -3.6 g 0.1358 -  0.1858 seconds 

50-ms MA Lateral N/A -0.7 g 1.8334 -  1.8834 seconds 

50-ms MA Vertical N/A -3.1 g 0.1752 -  0.2252 seconds 

Roll ≤75° 7.2° 1.5751 seconds 

Pitch ≤75° 7.2° 1.6510 seconds 

Yaw N/A 2.5° 2.0999 seconds 
a.  Values in italics are the preferred MASH values 

11.8. TEST SUMMARY  

Figure 11-11 summarizes the results of MASH Test 616401-01-4. Due to the 
penetration of the post into the vehicle’s roof, the guide sign with large sign supports 
failed to meet evaluation criteria D for MASH test 3-62. 
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GENERAL INFORMATION 

Test Agency: Texas A&M Transportation Institute (TTI) 

Test Standard/Test No.: MASH 2016, Test 3-62  

Project No.: 616401-01-4 

Test Date: 2023-11-29 

TEST ARTICLE 
Type: Support Structures 

Name: Guide Sign with Large Sign Supports  

Length: 14 feet 4 inches 

Key Materials: Aluminum signs, steel posts, steel slip bases, concrete footings 
Soil Type and Condition: Native Soil, dry 

TEST VEHICLE 

Type/Designation: 2270P 

Year, Make and Model: 2017 RAM 1500 
Inertial Mass: 5023 lb 

Dummy Mass: N/A 

Gross Static Mass: 5023 lb 

IMPACT CONDITIONS 
Impact Speed:  62.0 mi/h 

Impact Angle: 90° 

Impact Location: 
Centerline of the vehicle aligned with the centerline of the sign 
posts 

Kinetic Energy: 645.5 kip-ft 

EXIT CONDITIONS 

Exit Speed: 51.5mi/h 

Stopping Distance:  
279 ft downstream  
9 ft to the left side 

VEHICLE DAMAGE 

VDS: 12FC3 

CDC: 12FCHW3 
Max Exterior Deformation: 13 inches 

Max Occupant Compartment 
Deformation: 

3 inches in the windshield  

Occupant Risk Values 
Long. OIV 12.4 ft/s 

Lat. OIV 1.3 ft/s 

Long. Ridedown 3 g 

Lat. Ridedown 1.5 g 
THIV 3.8 m/s 

ASI 0.4 

Max 50-ms Long. -3.6 g 

Max 50-ms Lat. -0.7 g 
Max 50-ms Vert. -3.1 g 

Max Roll 7.2° 

Max Pitch 7.2° 

Max Yaw 2.5° 

 

  

Figure 11-11. Summary of Results for MASH Test 3-62 on Guide Sign with Large Sign Supports. 
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CHAPTER 12. MASH TEST 3-62 (CRASH TEST 616401-01-8) 

12.1. TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS 

See Table 12.1 for details of MASH impact conditions for this test and Table 12.2 
for the exit parameters. Figure 12-1 and Figure 12-2 depict the target impact setup. 

Table 12.1. Impact Conditions for MASH TEST 3-62, Crash Test 616401-01-8. 

Test Parameter Specification Tolerance Measured 

Impact Speed 62 mi/h ±2.5 mi/h 62.0 mi/h 

Impact Angle 90° ±1.5° 90° 

Kinetic Energy 594 kip-ft ≥594 kip-ft 646.9 kip-ft 

Impact Location  

Centerline of the 
vehicle aligned with 
the centerline of the 
sign posts 

±6 inches 

Centerline of the 
vehicle aligned with 
the centerline of the 
sign posts 

Table 12.2. Exit Parameters for MASH TEST 3-62, Crash Test 616401-01-8. 

Exit Parameter Measured 

Speed 53.8mi/h 

Brakes applied post impact 1.6 seconds 

Vehicle at rest position 
275 ft downstream of impact point 
2 ft to the left 

Comments:  Vehicle remained upright and stable 
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Figure 12-1. Guide Sign with Large Sign Supports /Test Vehicle Geometrics for 
Test 616401-01-8. 

 

Figure 12-2. Guide Sign with Large Sign Supports /Test Vehicle Impact Location 
616401-01-8. 
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12.2. WEATHER CONDITIONS 

Table 12.3 provides the weather conditions for 616401-01-8. 

Table 12.3. Weather Conditions 616401-01-8. 

Date of Test 2024-03-22  

Wind Speed 11 mi/h 

Wind Direction 221° 

Temperature 57 °F 

Relative Humidity 96 % 

Vehicle Traveling 170° 

12.3. TEST VEHICLE  

Figure 12-3 and Figure 12-4 show the 2019 RAM 1500 used for the crash test. 
Table 12.4 shows the vehicle measurements. Figure G.1 in Appendix G.1 gives 
additional dimensions and information on the vehicle. 

 

Figure 12-3. Front of Test Vehicle before Test 616401-01-8. 
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Figure 12-4. Rear of the Test Vehicle before Test 616401-01-8. 

Table 12.4. Vehicle Measurements 616401-01-8. 

Test Parameter Specification Tolerance Measured 

Dummy Mass (if applicable)a  165 lb N/A N/A  

Inertial Mass 5000 lb ±110 lb 5034 lb 

Gross Statica Mass 5000 lb ±110 lb 5034 lb 

Wheelbase 148 inches ±12 inches 140.5 inches 

Front Overhang 39 inches ±3 inches 40.3 inches 

Overall Length 237 inches ±13 inches 229 inches 

Overall Width 78 inches ±2 inches 78.5 inches 

Hood Height 43 inches ±4 inches 46 inches 

Track Widthb 67 inches ±1.5 inches 68.3 inches 

CG aft of Front Axlec 63 inches ±4 inches 60 inches 

CG above Groundc,d 28 inches ≥28 inches 28.6 inches 

Note: N/A = not applicable; CG = center of gravity. 
a If a dummy is used, the gross static vehicle mass should be increased by the mass of the 
dummy. 
b Average of front and rear axles. 
c For test inertial mass. 
d 2270P vehicle must meet minimum CG height requirement. 
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12.4. TEST DESCRIPTION 

Table 12.5 lists events that occurred during Test 616401-01-8. Figures G.4 and 
G.5 in Appendix G.2 present sequential photographs during the test. 

Table 12.5. Events during Test 616401-01-8. 

Time (s) Events 

0.0000 s Vehicle impacted the installation 

0.0010 s The impact support post base began to release 

0.0390 s The impact support post fuse plate began to break 

0.0870 s Base of the impact support post contacted the downstream support post 

0.0890 s Base of the downstream support post began to bend at grade 

0.1290 s The downstream support post base began to release 

0.3290 s 
The downstream support post contacted the impact support post and the roof of 
vehicle 

12.5. DAMAGE TO TEST INSTALLATION 

Both support posts released from the footers and the sign panel assembly, with 
one landing 435 feet downstream from impact and the other landing 390 feet 
downstream of impact. The sign landed at the downstream footer, which was leaning 
downstream, with the impact side 3 inches above the installed height. Figure 12-5 and 
Figure 12-6 show the damage to the Guide Sign with Large Sign Supports. 

 

Figure 12-5. Guide Sign with Large Sign Supports at Impact Location after Test 
616401-01-8. 
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Figure 12-6. Footer for the Guide Sign with Large Sign Supports after  
Test 616401-01-8. 

12.6. DAMAGE TO TEST VEHICLE 

Figure 12-7 through Figure 12-10 show the damage sustained by the vehicle. 
Figure 12-11 shows the interior of the test vehicle. Table 12.6 and Table 12.7 provide 
details on the occupant compartment deformation and exterior vehicle damage. Figures 
G.2 and G.3 in Appendix G.1 provide exterior crush and occupant compartment 
measurements. 

 

Figure 12-7. Impact Side of Test Vehicle after Test 616401-01-8. 
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Figure 12-8. Rear of the Test Vehicle after Test 616401-01-8. 

 

Figure 12-9. Test Vehicle Windshield Damage after Test 616401-01-8. 
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Figure 12-10. Roof of the Test Vehicle after Test 616401-01-8. 

 

Figure 12-11. Interior of the Test Vehicle after Test 616401-01-8. 
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Table 12.6. Occupant Compartment Deformation 616401-01-8. 

Test Parameter Specification Measured 

Roof ≤4.0 inches 5.3 inches 

Windshield ≤3.0 inches 3.5 inches 

A and B Pillars ≤5.0 overall/≤3.0 inches lateral 0 inches 

Foot Well/Toe Pan ≤9.0 inches 0 inches 

Floor Pan/Transmission Tunnel ≤12.0 inches 0 inches 

Side Front Panel  ≤12.0 inches 0 inches 

Front Door (above Seat) ≤9.0 inches 0 inches 

Front Door (below Seat) ≤12.0 inches 0 inches 

Table 12.7. Exterior Vehicle Damage 616401-01-8. 

Side Windows Side windows remained intact 

Maximum Exterior Deformation 21 in the front plane at the front bumper 

VDS 12FC5 

CDC 12FCAW4 

Fuel Tank Damage None 

Description of Damage to 
Vehicle:   

The bumper, grill, radiator, and supports were deformed, 
causing the fan to push into the motor. The headlights 
released from the vehicle, and the hood released from its 
latch. The hood also had two large tears and was deformed. 
The windshield was fractured with a 3.5 inch deep 
deformation at the top along with torn laminate. The roof had 
a 5.25 inch deep deformation in the front center. The top 
brake light was fractured, the back glass shattered, and the 
tailgate was dented. 
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12.7. OCCUPANT RISK FACTORS 

Data from the accelerometers were digitized for evaluation of occupant risk, and 
the results are shown in Table 12.8. Figure G.6 in Appendix G.3 shows the vehicle 
angular displacements, and Figures G.7 through G.9 in Appendix G.4 show acceleration 
versus time traces.  

Table 12.8. Occupant Risk Factors for Test 616401-01-8. 

Test Parameter Specification a Measured Time 

OIV, Longitudinal ≤16.0 ft/s 

10.0 ft/s 

11.8 ft/s 0.2741 seconds on front of 
interior 

OIV, Lateral ≤40.0 ft/s 

30.0 ft/s 

1.3 ft/s 0.2741 seconds on front of 
interior 

Ridedown, Longitudinal ≤20.49 g 

15.0 g 

1.9 g 0.3471 -  0.3571 seconds 

Ridedown, Lateral ≤20.49 g 

15.0 g 

1.1 g 1.1455 -  1.1555 seconds 

Theoretical Head Impact  
Velocity (THIV) 

N/A 3.6 m/s 0.2743  seconds on front of 
interior 

Acceleration Severity 
Index 

N/A 0.5 0.1402 -  0.1902 seconds 

50-ms Moving Avg. 
Accelerations (MA) 
Longitudinal 

N/A -4.5 g 0.1261 -  0.1761 seconds 

50-ms MA Lateral N/A -0.5 g 0.2905 -  0.3405 seconds 

50-ms MA Vertical N/A 1.8 g 0.2210 -  0.2710 seconds 

Roll ≤75° 1.2° 0.2876 seconds 

Pitch ≤75° 3.2° 0.3079 seconds 

Yaw N/A 2° 1.4965 seconds 
a.  Values in italics are the preferred MASH values 

12.8. TEST SUMMARY  

Figure 12-12 summarizes the results of MASH Test 616401-01-8. Due to the 5.3-
inch roof deformation exceeding the MASH limit of 4 inches, the guide sign with large 
sign supports failed to meet evaluation criteria D for MASH test 3-62. 
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GENERAL INFORMATION 

Test Agency: Texas A&M Transportation Institute (TTI) 

Test Standard/Test No.: MASH 2016, Test 3-62  

Project No.: 616401-01-8 

Test Date: 2024-03-22 

TEST ARTICLE 
Type: Support Structures 

Name: Guide Sign with Large Sign Supports  

Length: 15 feet 4 inches 

Key Materials: Aluminum signs, steel posts, steel slip bases, concrete footings 
Soil Type and Condition: Native Soil, dry 

TEST VEHICLE 

Type/Designation: 2270P 

Year, Make and Model: 2019 RAM 1500 
Inertial Mass: 5034 lb 

Dummy Mass: N/A 

Gross Static Mass: 5034 lb 

IMPACT CONDITIONS 
Impact Speed:  62.0 mi/h 

Impact Angle: 90° 

Impact Location: 
Centerline of the vehicle aligned with the centerline of the sign 
posts 

Kinetic Energy: 646.9 kip-ft 

EXIT CONDITIONS 

Exit Speed: 53.8mi/h 

Stopping Distance:  
275 ft downstream  
2 ft to the left side 

VEHICLE DAMAGE 

VDS: 12FC5 

CDC: 12FCAW4 
Max Exterior Deformation: 21 inches 

Max Occupant Compartment 
Deformation: 

5.3 inches in the roof  

Occupant Risk Values 
Long. OIV 11.8 ft/s 

Lat. OIV 1.3 ft/s 

Long. Ridedown 1.9 g 

Lat. Ridedown 1.1 g 
THIV 3.6 m/s 

ASI 0.5 

Max 50-ms Long. -4.5 g 

Max 50-ms Lat. -0.5 g 
Max 50-ms Vert. 1.8 g 

Max Roll 1.2° 

Max Pitch 3.2° 

Max Yaw 2° 

 

  

Figure 12-12. Summary of Results for MASH Test 3-62 on Guide Sign with Large Sign Supports. 
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CHAPTER 13. CONCLUSIONS, AND FUTURE RESEARCH 
RECOMMENDATIONS 

13.1. TESTING RESULTS  

The crash tests reported herein were performed in accordance with MASH TL-3 
on various designs of the Multi-directional Base Design for Large Sign Supports 

Table 13.1 shows that the guide sign support structure design did not meet the 
MASH performance criteria for support structures. Table 13.1 also shows that the Route 
Marker Assembly support structure design met the MASH performance criteria for test 
3-60 at 0 degrees and test 3-61 at 90 degrees.   

Table 13.1. Assessment Summary for MASH TL-3 Tests on Multi-directional Base 
Design for Large Sign Supports. 
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B 

Test Article 
Broke Away, 
Fractured, 

Yielded 

S S S S S S 

D 

No 
Penetration 

into 
Occupant 

Compartment 

S S FAIL FAIL FAIL FAIL 

F 
Roll and 

Pitch Limit 
S S S S S S 

H 
OIV 

Threshold 
S S S S S S 

I 
Ridedown 
Threshold 

S S S S S S 

N 

Vehicle 
Trajectory 

Behind Test 
Article 

Acceptable 

S S S S S S 

Overall Evaluation Pass Pass Fail Fail Fail Fail 
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Note: S = Satisfactory; N/A = Not Applicable. 
1 See Table 5.2 for details 

13.2. CONCLUSIONS AND FUTURE RESEARCH RECOMMENDATIONS 

The research team evaluated two designs for larger sign supports, one for a 
large route marker assembly and one for a guide sign. These two systems were 
designed to be crash tested with two impact angles, 0 degrees and 90 degrees. After a 
failure in MASH test 3-72 at 90 degrees on the guide sign system, the research team 
modified the fuse plate design to promote activation. This modified design also failed to 
meet MASH evaluation criteria. Subsequent crash tests evaluated the effectiveness of 
increasing the mounting height of the sign. These new designs were crash tested 
according to MASH test 3-72 criteria, and all failed to meet MASH evaluation criteria.  

The research team recommends future research to investigate a modified design 
which limits the airborne trajectory of the posts and sign panel. This may include further 
modifications to the fuse plate, a restraint mechanism on the posts, raising the height of 
the fuse plate but retaining the mounting height of the sign, or other design changes. 
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APPENDIX A. DETAILS OF MULTI-DIRECTIONAL BASE DESIGN 
FOR LARGE SIGN SUPPORTS  
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A.1. DETAILS OF THE ROUTE MARKER ASSEMBLY SIGN ON LARGE 
SUPPORT POSTS FOR CRASH TESTS 616401-01-1-2
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A.2. DETAILS OF THE GUIDE SIGN ON LARGE SUPPORT POSTS FOR 
CRASH TEST 616401-01-3
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A.3. DETAILS OF THE GUIDE SIGN ON LARGE SUPPORT POSTS FOR 
CRASH TEST 616401-01-4
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A.4. DETAILS OF THE GUIDE SIGN ON LARGE SUPPORT POSTS FOR 
CRASH TEST 616401-01-8
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A.5. DETAILS OF THE GUIDE SIGN ON LARGE SUPPORT POSTS FOR 
CRASH TEST 616401-01-9
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APPENDIX B. SUPPORTING CERTIFICATION DOCUMENTS 
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APPENDIX C. MASH TEST 3-60 (CRASH TEST 616401-01-1) 

C.1. VEHICLE PROPERTIES AND INFORMATION 

 

Figure C.1. Vehicle Properties for Test 616401-01-1. 
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Figure C.2. Exterior Crush Measurements for Test 616401-01-1. 
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Figure C.3. Occupant Compartment Measurements for Test 616401-01-1. 
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C.2. SEQUENTIAL PHOTOGRAPHS 

 

(a) 0.000 s (b) 0.150 s 

 

(c) 0.300 s (d) 0.450 s 

 

(e) 0.600 s (f) 0.750 s 

 

(g) 0.900 s (h) 1.050 s 

Figure C.4. Sequential Photographs for Test 616401-01-1 (Oblique Views). 
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(a) 0.000 s (b) 0.150 s 

 

(c) 0.300 s (d) 0.450 s 

 

(e) 0.600 s (f) 0.750 s 

 

(g) 0.900 s (h) 1.050 s 

Figure C.5. Sequential Photographs for Test 616401-01-1 (Right Angle Views). 
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C.3. VEHICLE ANGULAR DISPLACEMENTS
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Test Number:  616401-01-1 
Test Standard Test Number:  MASH Test 3-60 
Test Article:  Route Marker  
Test Vehicle:  2019 Nissan Versa 
Inertial Mass:  2464 lbs 
Gross Mass:  2629 lbs 
Impact Speed:  18.8 mi/h 
Impact Angle:  0° 

Figure C.6. Vehicle Angular Displacements for Test 616401-01-1.

Axes are vehicle-fixed.  
Sequence for determining 
orientation: 

1. Yaw. 
2. Pitch. 
3. Roll. 
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C.4. VEHICLE ACCELERATIONS
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Figure C.7. Vehicle Longitudinal Accelerometer Trace for Test 616401-01-1 
(Accelerometer Located at Center of Gravity).  



T
R

 N
o

. 6
1
6

4
0
1

-0
1

  
2

4
9
 

2
0

2
5

-0
1

-2
4
 

 

 

 

 

Figure C.8. Vehicle Lateral Accelerometer Trace for Test 616401-01-1 
(Accelerometer Located at Center of Gravity).  
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Figure C.9. Vehicle Vertical Accelerometer Trace for Test 616401-01-1 
(Accelerometer Located at Center of Gravity).
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APPENDIX D. MASH TEST 3-61 (CRASH TEST 616401-01-2) 

D.1. VEHICLE PROPERTIES AND INFORMATION 

 

Figure D.1. Vehicle Properties for Test 616401-01-2. 
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Figure D.2. Exterior Crush Measurements for Test 616401-01-2. 
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Figure D.3. Occupant Compartment Measurements for Test 616401-01-2. 
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D.2. SEQUENTIAL PHOTOGRAPHS 

 

(a) 0.000 s (b) 0.050 s 

 

(c) 0.100 s (d) 0.150 s 

 

(e) 0.200 s (f) 0.250 s 

 

(g) 0.300 s (h) 0.350 s 

Figure D.4. Sequential Photographs for Test 616401-01-2 (Oblique Views). 
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(a) 0.000 s (b) 0.050 s 

 

(c) 0.100 s (d) 0.150 s 

 

(e) 0.200 s (f) 0.250 s 

 

(g) 0.300 s (h) 0.350 s 

Figure D.5. Sequential Photographs for Test 616401-01-2 (Right Angle Views). 
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D.3. VEHICLE ANGULAR DISPLACEMENTS
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Test Number:  616401-01-2 
Test Standard Test Number:  MASH Test 3-61 
Test Article:  Route Marker  
Test Vehicle:  2018 Nissan Versa 
Inertial Mass:  2427 lbs 
Gross Mass:  2592 lbs 
Impact Speed:  62.8 mi/h 
Impact Angle:  90° 

Figure D.6. Vehicle Angular Displacements for Test 616401-01-2.

Axes are vehicle-fixed.  
Sequence for determining 
orientation: 

4. Yaw. 
5. Pitch. 
6. Roll. 
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D.4. VEHICLE ACCELERATIONS
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Figure D.7. Vehicle Longitudinal Accelerometer Trace for Test 616401-01-2 
(Accelerometer Located at Center of Gravity).  



T
R

 N
o

. 6
1
6

4
0
1

-0
1

  
2

6
0
 

2
0

2
5

-0
1

-2
4
 

 

 

 

 

Figure D.8. Vehicle Lateral Accelerometer Trace for Test 616401-01-2 
(Accelerometer Located at Center of Gravity).  
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Figure D.9. Vehicle Vertical Accelerometer Trace for Test 616401-01-2 
(Accelerometer Located at Center of Gravity).
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APPENDIX E. MASH TEST 3-62 (CRASH TEST 616401-01-3) 

E.1. VEHICLE PROPERTIES AND INFORMATION 

 

Figure E.1. Vehicle Properties for Test 616401-01-3.  
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Figure E.2. Exterior Crush Measurements for Test 616401-01-3. 
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Figure E.3. Occupant Compartment Measurements for Test 616401-01-3. 
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E.2. SEQUENTIAL PHOTOGRAPHS 

 

(a) 0.000 s (b) 0.050 s 

 

(c) 0.100 s (d) 0.150 s 

 

(e) 0.200 s (f) 0.250 s 

 

(g) 0.300 s (h) 0.350 s 

Figure E.4. Sequential Photographs for Test 616401-01-3 (Oblique Views). 
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(a) 0.000 s (b) 0.050 s 

 

(c) 0.100 s (d) 0.150 s 

 

(e) 0.200 s (f) 0.250 s 

 

(g) 0.300 s (h) 0.350 s 

Figure E.5. Sequential Photographs for Test 616401-01-3 (Right Angle Views). 
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E.3. VEHICLE ANGULAR DISPLACEMENTS 
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Test Number:  616401-01-3 
Test Standard Test Number:  MASH Test 3-62 
Test Article:  Guide Sign 
Test Vehicle:  2017 RAM 1500 
Inertial Mass:  5022 lbs 
Gross Mass:  5022 lbs 
Impact Speed:  62.9 mi/h 
Impact Angle:  90° 

Figure E.6. Vehicle Angular Displacements for Test 616401-01-3. 

Axes are vehicle-fixed.  
Sequence for determining 
orientation: 

1. Yaw. 
2. Pitch. 
3. Roll. 
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E.4. VEHICLE ACCELERATIONS 
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Figure E.7. Vehicle Longitudinal Accelerometer Trace for Test 616401-01-3 
(Accelerometer Located at Center of Gravity).  
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Figure E.8. Vehicle Lateral Accelerometer Trace for Test 616401-01-3 
(Accelerometer Located at Center of Gravity).  
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Figure E.9. Vehicle Vertical Accelerometer Trace for Test 616401-01-3 
(Accelerometer Located at Center of Gravity). 
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APPENDIX F. MASH TEST 3-62 (CRASH TEST 616401-01-9) 

F.1. VEHICLE PROPERTIES AND INFORMATION 

 

Figure F.1. Vehicle Properties for Test 616401-01-9.  
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Figure F.2. Exterior Crush Measurements for Test 616401-01-9. 
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Figure F.3. Occupant Compartment Measurements for Test 616401-01-9. 
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F.2. SEQUENTIAL PHOTOGRAPHS 

 

(a) 0.000 s (b) 0.100 s 

 

(c) 0.200 s (d) 0.300 s 

 

(e) 0.500 s (f) 0.600 s 

 

(g) 0.700 s (h) 0.800 s 

Figure F.4. Sequential Photographs for Test 616401-01-9 (Oblique Views). 
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(a) 0.000 s (b) 0.100 s 

 

(c) 0.200 s (d) 0.300 s 

 

(e) 0.400 s (f) 0.500 s 

 

(g) 0.600 s (h) 0.700 s 

Figure F.5. Sequential Photographs for Test 616401-01-9 (Right Angle Views). 
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F.3. VEHICLE ANGULAR DISPLACEMENTS 
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Test Number:  616401-01-9 
Test Standard Test Number:  MASH Test 3-62 
Test Article:  Guide Sign 
Test Vehicle:  2017 RAM 1500 
Inertial Mass:  5022 lbs 
Gross Mass:  5022 lbs 
Impact Speed:  63.2 mi/h 
Impact Angle:  90° 

Figure F.6. Vehicle Angular Displacements for Test 616401-01-9. 

Axes are vehicle-fixed.  
Sequence for determining 
orientation: 

4. Yaw. 
5. Pitch. 
6. Roll. 
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F.4. VEHICLE ACCELERATIONS 



T
R

 N
o

. 6
1
6

4
0
1

-0
1

  
2

8
2
 

2
0

2
5

-0
1

-2
4
 

 

 

 

 

Figure F.7. Vehicle Longitudinal Accelerometer Trace for Test 616401-01-9 
(Accelerometer Located at Center of Gravity).  
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Figure F.8. Vehicle Lateral Accelerometer Trace for Test 616401-01-9 
(Accelerometer Located at Center of Gravity).  
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Figure F.9. Vehicle Vertical Accelerometer Trace for Test 616401-01-9 
(Accelerometer Located at Center of Gravity). 
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APPENDIX G. MASH TEST 3-62 (CRASH TEST 616401-01-4) 

G.1. VEHICLE PROPERTIES AND INFORMATION 

 

Figure G.1. Vehicle Properties for Test 616401-01-4. 
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Figure G.2. Exterior Crush Measurements for Test 616401-01-4. 

  



 

TR No. 616401-01  289 2025-01-24 

 

Figure G.3. Occupant Compartment Measurements for Test 616401-01-4. 
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G.2. SEQUENTIAL PHOTOGRAPHS 

 

(a) 0.000 s (b) 0.075 s 

 

(c) 0.150 s (d) 0.225 s 

 

(e) 0.300 s (f) 0.375 s 

 

(g) 0.450 s (h) 0.525 s 

Figure G.4. Sequential Photographs for Test 616401-01-4 (Oblique Views). 
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(a) 0.000 s (b) 0.075 s 

 

(c) 0.150 s (d) 0.225 s 

 

(e) 0.300 s (f) 0.375 s 

 

(g) 0.450 s (h) 0.525 s 

Figure G.5. Sequential Photographs for Test 616401-01-4 (Right Angle Views). 
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G.3. VEHICLE ANGULAR DISPLACEMENTS 
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Test Number:  616401-01-4 
Test Standard Test Number:  MASH Test 3-62 
Test Article:  Guide Sign 
Test Vehicle:  2017 RAM 1500 
Inertial Mass:  5023 lbs 
Gross Mass:  5023 lbs 
Impact Speed:  62.0 mi/h 
Impact Angle:  90° 

Figure G.6. Vehicle Angular Displacements for Test 616401-01-4. 

Axes are vehicle-fixed.  
Sequence for determining 
orientation: 

7. Yaw. 
8. Pitch. 
9. Roll. 
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G.4. VEHICLE ACCELERATIONS 
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Figure G.7. Vehicle Longitudinal Accelerometer Trace for Test 616401-01-4 
(Accelerometer Located at Center of Gravity).  
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Figure G.8. Vehicle Lateral Accelerometer Trace for Test 616401-01-4 
(Accelerometer Located at Center of Gravity).  
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Figure G.9. Vehicle Vertical Accelerometer Trace for Test 616401-01-4 
(Accelerometer Located at Center of Gravity). 
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APPENDIX H. MASH TEST 3-62 (CRASH TEST 616401-01-8) 

H.1. VEHICLE PROPERTIES AND INFORMATION 

 

Figure H.1. Vehicle Properties for Test 616401-01-8. 
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Figure H.2. Exterior Crush Measurements for Test 616401-01-8. 
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Figure H.3. Occupant Compartment Measurements for Test 616401-01-8. 
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H.2. SEQUENTIAL PHOTOGRAPHS 

 

(a) 0.000 s (b) 0.075 s 

 

(c) 0.150 s (d) 0.225 s 

 

(e) 0.300 s (f) 0.375 s 

 

(g) 0.450 s (h) 0.525 s 

Figure H.4. Sequential Photographs for Test 616401-01-8 (Oblique Views). 
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(a) 0.000 s (b) 0.075 s 

 

(c) 0.150 s (d) 0.225 s 

 

(e) 0.300 s (f) 0.375 s 

 

(g) 0.450 s (h) 0.525 s 

Figure H.5. Sequential Photographs for Test 616401-01-8 (Right Angle Views). 
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H.3. VEHICLE ANGULAR DISPLACEMENTS 
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Test Number:  616401-01-8 
Test Standard Test Number:  MASH Test 3-62 
Test Article:  Guide Sign 
Test Vehicle:  2019 RAM 1500 
Inertial Mass:  5034 lbs 
Gross Mass:  5034 lbs 
Impact Speed:  62.0 mi/h 
Impact Angle:  90° 

Figure H.6. Vehicle Angular Displacements for Test 616401-01-8. 

Axes are vehicle-fixed.  
Sequence for determining 
orientation: 

10. Yaw. 
11. Pitch. 
12. Roll. 
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H.4. VEHICLE ACCELERATIONS 
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Figure H.7. Vehicle Longitudinal Accelerometer Trace for Test 616401-01-8 
(Accelerometer Located at Center of Gravity).  
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Figure H.8. Vehicle Lateral Accelerometer Trace for Test 616401-01-8 
(Accelerometer Located at Center of Gravity).  
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Figure H.9. Vehicle Vertical Accelerometer Trace for Test 616401-01-8 
(Accelerometer Located at Center of Gravity). 
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