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1 INTRODUCTION  

1.1 Background 

U-channel posts, as shown in Figure 1, are one of three post mounting options that the 

Missouri Department of Transportation (MoDOT) utilizes for temporary traffic control devices. 

The other two options are perforated square steel tubes and wood posts. According to MoDOTôs 

standard plans, these posts are to be utilized with rigid sign panels, which are mounted between 5 

ft and 7 ft (1.5 and 2.1 m) above the ground. For the U-channel post option, MoDOTôs standard 

plans state that only one splice is allowed per post and that four 5/16-in. (8-mm) diameter galvanized 

ASTM A449 bolts, nuts, and washers are to be used in the splice connection. Two posts are 

required if the sign is greater than 4 ft (1.2 m) in width unless it is a diamond-shaped sign. Further, 

the posts should be free from any bracing and should not extend above the sign panel, except as 

needed for warning light attachments. MoDOT desired to test the existing system as used in the 

field. 

Limited testing of temporary, ground-mounted sign supports has been conducted according 

to the National Cooperative Highway Research Program (NCHRP) Report No. 350 [1] and the 

Manual for Assessing Safety Hardware (MASH) [2, 3] safety performance criteria. In test no. 

474660-1-2, a single U-channel post met the MASH performance evaluation criteria when 

impacted with a 2270P pickup truck; in the same test, the single perforated square steel tube post 

failed MASH test designation no. 3-62 due to exceeding the windshield deformation threshold of 

3 in. (76 mm) [4]. 

 

Figure 1. Ground-Mounted, Dual-Post, U-channel Sign System 
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1.2 Objective 

The objective of this research included an evaluation of the safety performance of a 

temporary, ground-mounted, dual-post, U-channel sign support system. The system was evaluated 

according to the Test Level 3 (TL-3) criteria of MASH 2016 [3]. 

1.3 Scope 

The research objective was achieved through the completion of several tasks. Three full-

scale crash tests were conducted on the ground-mounted, dual-post, U-channel sign support system 

according to MASH 2016 test designation nos. 3-60, 3-61, and 3-62. Next, the full-scale vehicle 

crash test results were analyzed, evaluated, and documented. Conclusions and recommendations 

were then made pertaining to the safety performance of the ground-mounted, dual-post, U-channel 

sign support system. 
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2 DESIGN DETAILS  

The sign support test installation consisted of a dual-post, U-channel sign support system, 

as shown in Figures 2 through 11. Photographs of the test installation are shown in Figures 12 

through 15. Material specifications, mill certifications, and certificates of conformity for the 

system materials are shown in Appendix A. 

The same system configuration was used in all three tests. Each post utilized a two-part 

assembly with a 3.0 lb/ft (4.5 kg/m) U-channel sign support and 3.0 lb/ft (4.5 kg/m) U-channel 

embedment stub attached by means of a lap splice. The lap slice consisted of four 5/16-in. diameter 

by 1¾-in. long (8-mm x 44-mm) bolts and nuts with a 5/16-in. (8-mm) diameter plain washer under 

the nut and bolt head, as shown in Figures 5 and 6. The total length of the post assembly was 170 

in. (4,318 mm). The posts were spaced 30 in. (762 mm) apart on center, and the stubs were 

embedded 36 in. (914 mm) into the ground. 

This sign support system was configured with two sign panels. The larger 48-in. x 48-in. 

(1,219-mm x 1,219-mm) diamond-shaped sign was centered between and supported by both posts. 

Its orientation was 45 degrees from horizontal with its bottom corner 84 in. (2,134 mm) above the 

ground, as shown in Figure 5. The smaller 24-in. x 24-in. (610-mm x 610-mm) sign was centered 

and supported by the left post. It was oriented horizontally with its bottom edge 60 in. (1,524 mm) 

above the ground, as shown in Figure 5. The signs were connected to the U-channels with 5/16-in. 

diameter by 2½-in. long (8-mm x 64-mm) bolts and nuts with a 5/16-in. (8-mm) diameter plain 

washer under the nut and bolt head, as shown in Figures 5 and 6. 
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Figure 2. Test Installation Layout, Test No. MOS-5
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Figure 3. Test Installation Layout, Test No. MOS-6 
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Figure 4. Test Installation Layout, Test No. MOS-7
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Figure 5. Sign Assembly Overview, Test Nos. MOS-5 through MOS-7
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Figure 6. Sign Assembly Details, Test Nos. MOS-5 through MOS-7
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Figure 7. Post Details, Test Nos. MOS-5 through MOS-7
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Figure 8. Post Details, Test Nos. MOS-5 through MOS-7
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Figure 9. Sign Details, Test Nos. MOS-5 through MOS-7
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Figure 10. Hardware, Test Nos. MOS-5 through MOS-7
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Figure 11. Bill of Materials, Test Nos. MOS-5 through MOS-7
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Figure 12. Test Installation Photographs, Test Nos. MOS-5 through MOS-7 
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Figure 13. Test Installation Photographs, Test Nos. MOS-5 through MOS-7 
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Figure 14. Test Installation Photographs, Test Nos. MOS-5 through MOS-7 
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Figure 15. Test Installation Photographs, U-Channel Post and Stub Splice, Test Nos. MOS-5 through MOS-7 
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3 TEST REQUIREMENTS AND EVALUATION CRITERIA  

3.1 Test Requirements 

Support structures, such as U-channel sign supports, must satisfy impact safety standards 

to be declared eligible for federal reimbursement by the Federal Highway Administration for use 

on the National Highway System. For new hardware, these safety standards consist of the 

guidelines and procedures published in MASH 2016. According to TL-3 of MASH 2016, support 

structures must be subjected to three full -scale vehicle crash tests, as summarized in Table 1. 

Table 1. MASH 2016 TL-3 Crash Test Conditions for Support Structures 

Test 

Article 

Test 

Designation 

No. 

Test 

Vehicle 

Vehicle 

Weight, 

lb 

(kg) 

Impact Conditions 

Evaluation 

Criteria 1 
Speed, 

mph 

(km/h) 

Impact 

Point 

Support 

Structures 

3-60 1100C 
2,425 

(1,100) 

19 

(30) 
CIA B,D,F,H,I,N 

3-61 1100C 
2,425 

(1,100) 

62 

(100) 
CIA B,D,F,H,I,N 

3-62 2270P 
5,000 

(2,270) 

62 

(100) 
CIA B,D,F,H,I,N 

1 Evaluation criteria explained in Table 2. 

  CIA = Critical Impact Angle 

Test designation nos. 3-60, 3-61, and 3-62 were conducted for the dual-post, U-channel 

sign support system. In each test, the system was contacted by the test vehicle at a 0-degree angle, 

or head-on to the vehicle, with the vehicle centerline aligned with the centerline of the system. 

MASH notes that the CIA should be selected to represent the highest risk for the system to fail any 

of the recommended evaluation criteria. Since these sign supports will not typically be installed 

90 degrees from the normal direction of travel, a critical impact angle between 0 and 25 degrees is 

recommended. Impacting the sign systems at a 0-degree angle was believed to be the most critical 

in terms of maximizing the potential contact area of the sign panels with the windshield and roof. 

3.2 Evaluation Criteria  

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

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

structural adequacy are intended to evaluate the ability of the sign supports to readily activate in a 

predictable manner by breaking away, fracturing, or yielding. Occupant risk evaluates the degree 

of hazard to occupants in the impacting vehicle. Post-impact vehicle trajectory is a measure of the 

potential of the vehicle to result in a secondary collision with other vehicles and/or fixed objects, 

thereby increasing the risk of injury to the occupants of the impacting vehicle and/or other vehicles. 

These evaluation criteria are summarized in Table 2 and defined in greater detail in MASH 2016. 

The full-scale vehicle crash tests were conducted and reported in accordance with the procedures 

provided in MASH 2016. 



December 16, 2020  

MwRSF Report No. TRP-03-426-20 

19 

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

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

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

MASH 2016. 

Table 2. MASH 2016 Evaluation Criteria for Support Structures 

Structural 

Adequacy 

B. The test article should readily activate in a predictable manner by 

breaking away, fracturing, or yielding. 

Occupant 

Risk 

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

should not penetrate or show potential for penetrating the occupant 

compartment, or present an undue hazard to other traffic, pedestrians, 

or personnel in a work zone. Deformations of, or intrusions into, the 

occupant compartment should not exceed limits set forth in Section 

5.2.2 and Appendix E of MASH 2016. 

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

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

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

MASH 2016 for calculation procedure) should satisfy the following 

limits: 

 Occupant Impact Velocity Limits 

Component Preferred Maximum 

Longitudinal 
10 ft/s 

(3.0 m/s) 

16 ft/s 

(4.9 m/s) 

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

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

satisfy the following limits: 

 Occupant Ridedown Acceleration Limits  

Component Preferred Maximum 

Longitudinal and Lateral 15.0 gôs 20.49 gôs 

Post-Impact 

Vehicular 

Response 

N. Vehicle trajectory behind the test article is acceptable. 

 

3.3 Soil Strength Requirements 

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

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

dependent system, W6x16 posts are installed near the impact region utilizing the same installation 

procedures as the system itself. Prior to full-scale testing, a dynamic impact test must be conducted 

to verify a minimum dynamic soil resistance of 7.5 kips (33.4 kN) at post deflections between 5 

and 20 in. (127 and 508 mm) measured at a height of 25 in. (635 mm). If dynamic testing near the 
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system is not desired, MASH 2016 permits a static test to be conducted instead and compared 

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

a resistance of at least 90% of the static baseline test at deflections of 5, 10, and 15 in. (127, 254, 

and 381 mm). Further details can be found in Appendix B of MASH 2016.
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4 TEST CONDITIONS 

4.1 Test Facility 

The Outdoor Test Site is located at the Lincoln Air Park on the northwest side of the 

Lincoln Municipal Airport and is approximately 5 miles (8.0 km) northwest of the University of 

Nebraska-Lincoln. 

4.2 Vehicle Tow and Guidance System 

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

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

vehicle. The test vehicle was released from the tow cable before impact with the sign support 

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

speed. 

A vehicle guidance system developed by Hinch [5] was used to steer the test vehicle. A 

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

the sign support system. The Ȩ-in. (9.5-mm) diameter guide cable was tensioned to approximately 

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

stanchions. The hinged stanchions stood upright while holding up the guide cable, but as the 

vehicle was towed down the line, the guide flag struck and knocked each stanchion to the ground. 

4.3 Test Vehicles 

For test no. MOS-5, a 2011 Dodge Ram 1500 crew cab pickup truck was used as the test 

vehicle. The curb, test inertial, and gross static vehicle weights were 5,302 lb (2,405 kg), 5,026 lb 

(2,280 kg), and 5,191 lb (2,355 kg), respectively. The test vehicle is shown in Figures 16 and 17, 

and vehicle dimensions are shown in Figure 18. Note that pre-test photographs of the vehicleôs 

undercarriage are not available. 

For test no. MOS-6, a 2009 Kia Rio small car was used as the test vehicle. The curb, test 

inertial, and gross static vehicle weights were 2,510 lb (1,139 kg), 2,420 lb (1,098 kg), and 2,584 

lb (1,172 kg), respectively. The test vehicle is shown in Figures 19 and 20 and vehicle dimensions 

are shown in Figure 21. 

For test no. MOS-7, a 2009 Kia Rio small car was used as the test vehicle. The curb, test 

inertial, and gross static vehicle weights were 2,499 lb (1,134 kg), 2,435 lb (1,104 kg), and 2,593 

lb (1,176 kg), respectively. The test vehicle is shown in Figures 22 and 23, and vehicle dimensions 

are shown in Figure 24. 

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

old. Two 2009 models were used for test nos. MOS-6 and MOS-7 because the vehicle geometry 

of newer models did not comply with recommended vehicle dimension ranges specified in Table 

4.1 of MASH 2016. The use of older test vehicles due to recent small car vehicle properties falling 

outside of MASH 2016 recommendations was allowed by FHWA and AASHTO in MASH 

implementation guidance dated May of 2018 [6]. 
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Figure 16. Test Vehicle, Test No. MOS-5
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Figure 17. Vehicleôs Interior Floorboards, Test No. MOS-5 
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Figure 18. Vehicle Dimensions, Test No. MOS-5
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Figure 19. Test Vehicle, Test No. MOS-6 
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Figure 20. Test Vehicleôs Interior Floorboards and Undercarriage, Test No. MOS-6 
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Figure 21. Vehicle Dimensions, Test No. MOS-6
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Figure 22. Test Vehicle, Test No. MOS-7
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Figure 23. Vehicleôs Interior Floorboards and Undercarriage, Test No. MOS-7 
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Figure 24. Vehicle Dimensions, Test No. MOS-7

Date: Test Name: VIN No:

Year: Make: Model:

Tire Size: Tire Inflation Pressure: Odometer:

Vehicle Geometry - in. (mm)
Target Ranges listed below

A: 66 3/8 (1686) B: 58 1/4 (1480)

C: 167 (4242) D: 34 1/2 (876)

E: 98 1/2 (2502) F: 31 3/4 (806)

G: 22 13/16 (579) H: 35 15/16 (913)

I: 15 1/2 (394) J: 21 (533)

K: 16 (406) L: 22 1/2 (572)

M: 57 3/8 (1457) N: 57 3/8 (1457)

O: 27 1/2 (699) P: 1 1/4 (32)

Q: 22 3/4 (578) R: 15 3/8 (391)

S: 12 (305) T: 65 1/8 (1654)

U (impact width): 30 5/8 (778)

Gross Static LF 820 (372) RF 803 (364) 28 (711)

LR 475 (215) RR 495 (225) 10 3/4 (273)

11 1/8 (283)

Weights 

lb (kg) 25 1/2 (648)

W-front 1606 (728) 1547 (702) 1623 (736) 25 5/8 (651)

W-rear 893 (405) 888 (403) 970 (440) 7 1/8 (181)

W-total 2499 (1134) 2435 (1104) 2593 (1176) 11 (279)

Engine Type:

Engine Size:

Front Type: Transmission Type:

Rear Mass: Drive Type:

Total Seat Position:

56±2 (1425±50) 56±2 (1425±50)

39±4 (990±100)

Curb

Mass Distribution - lb (kg)

Top of radiator core 

support:

24±4 (600±100)

98±5 (2500±125)

Gasoline

1.6L 4 Cyl

Wheel Center

 Height (Front):

Wheel Center 

Height (Rear):

Wheel Well 

Clearance (Front):

Wheel Well 

Clearance (Rear):

Bottom Frame 

Height (Front):

Bottom Frame 

Height (Rear):

GVWR Ratings lb Surrogate Occupant Data

2420±55 (1100±25) 2585±55 (1175±50)

Test Inertial Gross Static

MOS-7

32 psi

65±3 (1650±75)

169±8 (4300±200)

2009

6/28/2019

Kia

185/65 R14

KNADE223896580563

Rio

269054

35±4 (900±100)

NoneNote any damage prior to test:

FWD

1918

1874

Right/Passenger3638

Hybrid II

158 lb

Automatic



December 16, 2020  

MwRSF Report No. TRP-03-426-20 

31 

The longitudinal component of the center of gravity (c.g.) for all vehicles was determined 

using the measured axle weights. The Suspension Method [7] was used to determine the vertical 

component of the c.g. for the 2270P pickup truck. This method is based on the principle that the 

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

vehicle was suspended successively in three positions, and the respective planes containing the 

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

inertial condition. The vertical component of the c.g. for the 1100C vehicles was determined 

utilizing a procedure published by SAE [8]. The final c.g. locations are shown in Figures 25 

through 27. Data used to calculate the location of the c.g. and ballast information are shown in 

Appendix B. 

Square, black-and-white checkered targets were placed on the vehicles, as shown in 

Figures 25 through 27, to serve as reference points in the high-speed digital video and aid in video 

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

and the roof of the vehicle. 

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

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

flash bulb was mounted under the vehicleôs right-side windshield wiper for test nos. MOS-5 and 

MOS-6 and the left-side windshield wiper for test no. MOS-7, and was fired by a pressure tape 

switch mounted at the right quarter point of the front bumper. The flash bulb was fired upon initial 

impact with the test article to create a visual indicator of the precise time of impact on the high-

speed digital videos. A radio-controlled brake system was installed in each test vehicle so the 

vehicle could be brought safely to a stop after the test.



December 16, 2020  

MwRSF Report No. TRP-03-426-20 

32 

 

Figure 25. Target Geometry, Test No. MOS-5
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Figure 26. Target Geometry, Test No. MOS-6
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Figure 27. Target Geometry, Test No. MOS-7 


































































































































































































































































































































































