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

Symbol When You Know Multiply By  To Find Symbol 

LENGTH  
in. inches 25.4 millimeters  mm 

ft feet 0.305 meters  m 

yd yards  0.914 meters  m 
mi miles  1.61 kilometers km 

AREA 
in2 square inches 645.2 square millimeters mm2 

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

ac acres  0.405 hectares  ha 
mi2 square miles  2.59 square kilometers  km2 

VOLUME  
fl oz fluid ounces 29.57 milliliters  mL 

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

yd3 cubic yards 0.765 cubic meters m3 

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

oz ounces 28.35 grams  g 

lb pounds 0.454 kilograms kg 
T short ton (2,000 lb) 0.907 megagrams (or ñmetric tonò) Mg (or "t")  

TEMPERATURE (exact degrees) 

°F  Fahrenheit  
5(F-32)/9 

or (F-32)/1.8 
Celsius  °C  

ILLUMINATION  
fc foot-candles  10.76 lux lx 

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

FORCE & PRESSURE or STRESS 
lbf poundforce  4.45 newtons  N 

lbf/in2 poundforce per square inch 6.89 kilopascals  kPa 

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

LENGTH  
mm millimeters  0.039 inches in. 

m meters  3.28 feet ft 
m meters  1.09 yards  yd 

km kilometers 0.621 miles  mi 

AREA 
mm2 square millimeters 0.0016 square inches in2 
m2 square meters  10.764 square feet  ft2 

m2 square meters  1.195 square yard  yd2 

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

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

m3 cubic meters 35.314 cubic feet ft3 

m3 cubic meters 1.307 cubic yards yd3 

MASS 
g grams  0.035 ounces oz 

kg kilograms 2.202 pounds lb 
Mg (or "t")  megagrams (or ñmetric tonò) 1.103 short ton (2,000 lb) T 

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

ILLUMINATION  
lx lux 0.0929 foot-candles  fc 

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

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

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

1.1 Background 

Single-post, U-channel sign supports are used by many agencies for a variety of small signs 

and delineators, including mile delineators and object markers. These signs are generally mounted 

between 4 ft and 7 ft above the ground and placed in close proximity to the roadway. Despite the 

wide use of U-channel sign supports, their crashworthiness has not been fully evaluated to current 

Manual for Assessing Safety Hardware (MASH 2016) [1] safety criteria. With the impending 

MASH implementation dates agreed upon by the Federal Highway Administration (FHWA) and 

American Association of State Highway and Transportation Officialsô (AASHTO), single-post, 

U-channel sign supports need to be evaluated to MASH 2016 Test Level 3 (TL-3) safety criteria. 

Numerous studies and full -scale crash tests have been conducted on U-channel sign 

supports over the past four decades. These tests may help identify critical configurations for 

evaluation prior to MASH testing. However, several of these projects were conducted under 

previous evaluation criteria, the National Cooperative Highway Research Program (NCHRP) 

Report Nos. 230, Recommended Procedures for the Safety Performance Evaluation of Highway 

Appurtenances) [2], and 350, Recommended Procedures for the Safety Performance Evaluation of 

Highway Features [3]; and no U-channel sign supports completed the full testing matrix required 

by MASH. NCHRP Project 03-119 [4] is currently evaluating luminaire poles, sign supports, and 

work zone devices to MASH 2016 standards, but U-channel supports will only be partially 

evaluated during this project, and it is unknown if any of these systems will  be full-scale crash 

tested to MASH standards. 

1.2 Objective and Scope 

The objective of this study was to evaluate single-post, U-channel sign supports according 

to the TL-3 safety performance criteria set forth in MASH 2016, as shown in Table 1. The study 

included a literature review of past testing, survey of sponsoring agencies, and dynamic component 

testing to identify critical sign configurations and evaluation parameters, including mounting 

height, sign size, and post splice configuration. Additionally, one full-scale crash test was 

conducted to evaluate the crashworthiness of three systems. The research scope included the 

development of a bogie vehicle to be utilized in the MASH compliance evaluation of the selected 

sign configurations. Thus, a full-scale MASH test designation no. 3-61 crash test was conducted 

to provide baseline data to validate the bogie vehicle. The background and full-scale crash test are 

detailed herein. MASH test designation nos. 3-60 and 3-62 were not conducted as part of the initial 

research effort. For a complete evaluation of the sign systems according to MASH TL-3, the full 

test matrix should be conducted, as shown in Table 1.  

Table 1. MASH 2016 TL-3 Test Matrix 

Test 

No. 

Vehicle 

Designation 

Vehicle Weight, 

lb 

Impact Speed, 

mph 

Impact 

Point 

Impact Angle, 

degrees 

3-60 1100C 2,420 19 
Vehicle 

Quarterpoint 
CIA1 3-61 1100C 2,420 62 

3-62 2270P 5,000 62 
1Critical Impact Angle from 0 to 25 deg., which is to be determined
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2 LITERATURE REVIEW  

A total of 22 full-scale crash tests were found on single U-channel sign supports, as 

described below. Additional data can be found in Appendix A. 

2.1 Small Sign Support Analysis (1988) 

In 1988, Texas A&M Transportation Institute (TTI) conducted a series of full-scale small 

car crash tests to evaluate the impact performance of small sign supports used by the Arizona 

Department of Transportation (ADOT) [5]. While the testing covered more than just single-post 

U-channels, it was determined that both 3-lb/ft and 4-lb/ft U-channel posts met performance 

criteria set forth by NCHRP Report No. 230 and the 1985 AASHTO Standard Specifications for 

Structural Supports for Highway Signs, Luminaires and Traffic Signals [6]. 

The sign panels measured 2 ft x 2½ ft and were positioned so the lower edge was 5 ft above 

the ground. Two low-speed tests and one high-speed test were used to validate the system. In all 

three tests, the sign support fractured at bumper height and lost contact with the front of the vehicle, 

and the sign panel impacted the vehicleôs roof. Roof deformation was within safety standards. A 

summary of the impact data and properties of each sign support test is shown in Table 2. 

Table 2. Summary of U-Channel Sign Support Tests for ADOT, 1988 

 

2.2 Florida Thin-Walled Aluminum Tube and Steel U-Channel Sign Supports (1992) 

In 1992, TTI conducted a series of full-scale 1,800-lb small car crash tests to evaluate the 

impact performance of 4-lb/ft steel U-channel sign supports used by the Florida Department of 

Transportation (FDOT) in strong and weak soil [7]. The sign panels measured 2 ft x 3 ft and were 

mounted so the lower end of the panel was 7 ft above the ground. Some of the crash tests involved 

sign systems with normal splice orientation where the sign post is nested behind the base stub, 

while others had a reverse splice orientation with the sign post nested in front of the base stub. 

Two of these sixteen tests failed due to occupant risk because the signs struck the vehicleôs roof 

and caused large deformations. One of these failing systems had a normal spice orientation, while 

the other one had a reverse orientation. The project adhered to performance criteria set forth by 

NCHRP Report No. 230. A schematic of the system is shown in Figure 1. A summary of the testing 

is shown in Table 3. 

Test No. 

(Designation) 

Post Weight, 

lb/ft 

Post Yield 

Strength, 

ksi 

Test Inertial 

Weight, 

lb 

Impact 

Speed, 

mph 

Impact 

Location 

Max. 

Compartment 

Deformation 

and Location, 

in. 

Pass/ 

Fail 

7024-7 

(63) 
3 102 1,800 60.5 

15 in. left of 

centerline 

2 

(Roof) 
Pass 

7024-8 

(62) 
3 102 1,800 19.9 

15 in. right of 

centerline 
0 Pass 

7024-13 

(63) 
4 84.1 1,795 20.3 

15 in. left of 

centerline 

2 

(Roof) 
Pass 
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Figure 1. FDOT U-Channel Schematic, Test Nos. 7185-3 through 7185-18 [7] 
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Table 3. Summary of U-Channel Sign Support Tests for FDOT, 1992 [7] 

Test No. 

(Designation) 

Splice 

Orientation 

Post 

Yield 

Strength, 

ksi 

Soil 

Type 

Impact 

Speed, 

mph 

Impact 

Location 

Max. 

Compartment 

Deformation 

Location1 

Pass/ 

Fail 

7185-3 

(62) 
Reverse 80 Weak 18.4 

Left 

quarterpoint 
N/A Pass 

7185-4 

(63) 
Reverse 80 Weak 61.8 

Right 

quarterpoint 
N/A Pass 

7185-5 

(62) 
Reverse 80 Standard 19.3 

Left 

quarterpoint 
N/A Pass 

7185-6 

(63) 
Reverse 80 Standard 61.1 

Right 

quarterpoint 
N/A Pass 

7185-7 

(62) 
Reverse 60 Weak 20.3 

Left 

quarterpoint 
N/A Pass 

7185-8 

(63) 
Reverse 60 Weak 61.5 

Right 

quarterpoint 
N/A Pass 

7185-9 

(62) 
Reverse 60 Standard 17.0 

Right 

quarterpoint 
N/A Pass 

7185-10 

(63) 
Reverse 60 Standard 60.8 

Left 

quarterpoint 

Roof over driver 

compartment area 
Fail2 

7185-11 

(62) 
Normal 80 Weak 19.2 

Left 

quarterpoint 
N/A Pass 

7185-12 

(63) 
Normal 80 Weak 61.9 

Right 

quarterpoint 
N/A Pass 

7185-13 

(62) 
Normal 80 Standard 20.1 

Left 

quarterpoint 
N/A Pass 

7185-14 

(63) 
Normal 80 Standard 61.8 

Right 

quarterpoint 
N/A Pass 

7185-15 

(62) 
Normal 60 Standard 19.4 

Left 

quarterpoint 
N/A Pass 

7185-16 

(63) 
Normal 60 Standard 62.4 

Right 

quarterpoint 
N/A Pass 

7185-17 

(62) 
Normal 60 Weak 20.0 

Left 

quarterpoint 
N/A Pass 

7185-18 

(63) 
Normal 60 Weak 62.4 

Right 

quarterpoint 

Roof over driver 

compartment area 
Fail3 

1Exact deformation values not available 
2Test failed due to driver compartment intrusion 
3Test failed because occupant compartment deformation was too large
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2.3 Impact Performance Evaluation of Work-Zone Traffic Control Devices (2000) 

In 2000, TTI conducted a series of full-scale small car crash tests to evaluate the impact 

performance of selected work zone sign supports [8]. The project adhered to performance criteria 

set forth by NCHRP Report No. 350. Among the selected systems was a U-channel sign support 

with a 2 ft x 3 ft sign panel mounted 4 ft above the ground. For test no. 417929-3, it should be 

noted that the test vehicle simultaneously impacted two identical U-channel supports on the right 

and left quarter points. After impact, one of the U-channel sign posts split and fractured at bumper 

height. The sign panel impacted and cut the vehicleôs windshield before losing contact with the 

vehicle. Due to the sign panel showing potential to penetrate the occupant compartment, this test 

failed. The test on second sign support was acceptable. A schematic of the U-channel system is 

shown in Figure 2. A summary of the impact data and properties of the sign support is shown in 

Table 4. 

 

Figure 2. U-Channel Schematic, Test No. 417929-3 [8]
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Table 4. Summary of U-Channel Sign Support Test, 2000 [8] 

Test No. 

(Designation) 

Support 

Size, 

lb/ft 

U-Channel 

Type 

Test Inertial 

Weight, 

lb 

Impact 

Speed, 

mph 

Impact 

Location 

Max. Compartment 

Deformation, 

in. 

Pass/ 

Fail 

417929-3 

(3-71) 
2 Winged 1,806 62 

Right and 

left quarter 

points 

3.0 Fail1 

1Test failed because sign panel showed potential to penetrate occupant compartment 

2.4 Compliance Test of U-Channel Sign Support System (2009) 

In 2009, New Zealand-based Holmes Solutions conducted a single-post full-scale 2270P 

crash test to evaluate the impact performance of the Nucor Lap Splice U-Channel Sign Support 

system [9]. The project adhered to performance criteria set forth by MASH 2009 [10]. Test no. 2-

362 was conducted with a 1 ft x 1 ft sign panel mounted 5 ft ï 11 in. above the ground and a 3 ft 

x 3 ft sign panel mounted 7 ft above the ground on a single post. After a head-on impact, the 

support bent slightly before breaking just above the splice. The sign panel impacted the vehicleôs 

windshield, fracturing the glass. The sign post contacted the left side of the vehicle until it passed 

over the A-pillar, where it lost contact. The test failed because occupant compartment deformation 

exceeded maximum limits. The test results are shown in Table 5. 

Table 5. Summary of U-Channel Sign Support Test for Nucor Compliance Test, 2009 [9] 

Test No. 

(Designation) 

Post 

Weight, 

lb/ft 

Test Inertial 

Weight, 

lb 

Lower 

Panel 

Height(s) 

Impact 

Speed, 

mph 

Impact 

Location 

Max. Compartment 

Deformation and 

Location, 

in. 

Pass/ 

Fail 

2-362 

(3-62) 
4 4,991 

5 ft ï11 in. 

7 ft 
61 Centerline 

5.5 

(Right side of roof 

above windshield) 

Fail1 

1Test failed because occupant compartment deformation was too large 

2.5 Evaluation of Existing Roadside Safety Hardware Using MASH (2010) 

In 2010, TTI conducted a full-scale 2270P crash test to evaluate the impact performance 

of a 4-lb/ft steel U-channel support with a 3 ft x 3 ft plywood sign mounted 7 ft above the ground 

[11]. The project adhered to performance criteria set forth by MASH 2009. After primary impact 

with the U-channel support, the test vehicle impacted a Perforated Square Steel Tube (PSST) 

support. The sign post broke away at the splice location, and the sign panel rotated around the 

leading edge of the vehicleôs hood, contacting the roof near the top of the windshield and 

overriding the vehicle. Contact with the roof was minor and caused slight deformations. A 

schematic of the system is shown in Figure 3. A summary of the impact data and sign support 

properties is shown in Table 6.  
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Figure 3. U-Channel Schematic, Test No. RF476460-1-2 [11] 

Table 6. Summary of U-Channel Sign Support Test for NCHRP Project 22-14(03), 2010 [11] 

Test No. 

(Designation) 

Post 

Weight, 

lb/ft 

Test Inertial 

Weight, 

lb 

Impact 

Speed, 

mph 

Impact Location 

Max. Compartment 

Deformation and 

Location, 

in. 

Pass/ 

Fail 

RF476460-1-2 

(3-62) 
4 4,958 63.3 Left quarterpoint 

2.11 

(Roof) 
Pass 

1It is believed most of the vehicle damage was due to the secondary impact with the PSST support
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3 SIGN SUPPORT DESIGN AND ANALYSIS  

In order to determine critical sign configurations, MwRSF researchers reviewed reports, 

photographs, and video footage of previous testing to estimate the likelihood of success with 

MASH 2016 performance criteria. Each test was graded on a scale of one (very unlikely to pass) 

to five (very likely to pass). This scale was subjective and does not indicate a definite pass or 

failure. This information is summarized in Table 7 for the 22 tests described in the literature 

review. 

Most of the systems would likely comply with MASH criteria for the low-speed test 

designation no. 3-60. However, researchers were less optimistic about MASH test designation nos. 

3-61 and 3-62, where the heavy sign panels would impact the test vehicle at higher speeds and 

potentially cause excessive deformation or intrude into the passenger compartment. Generally, the 

systems that were predicted to have a higher chance of passing had higher minimum steel yield 

strengths. A panel mounting height of 5 ft or less above the ground and a smaller post weight was 

associated with a lower chance of passing MASH test designation no. 3-60 than the system with a 

panel mounting height of 7 ft and a heavier post. 

Midwest Roadside Safety Facility (MwRSF) researchers surveyed the Midwest Pooled 

Fund Program member states to gain a full understanding of current U-channel sign support usage. 

MwRSF used the results, as shown in Figure 4, to determine which sign support configurations 

were desired by state transportation departments. Fourteen states responded to the survey, which 

is shown in its entirety in Appendix B. 

All fourteen states currently use U-channel sign supports for small delineators with sign 

panels, and thirteen states planned to use them in the future. Generally, 1.12-lb/ft and 2-lb/ft weight 

U-channel sign supports are used for small delineator applications. While many different sign 

panel sizes are used, the mounting height to the bottom of the sign panel for small delineators was 

typically 4 ft. Some states did not attach sign panels and only attached a reflective marker at the 

top of the sign support. Every state mounted these supports in soil, and six states mounted them in 

both soil and concrete. 

Nine of the thirteen states that responded used U-channel sign supports for a purpose other 

than small delineators. Specifications for these applications varied widely in several aspects, 

including U-channel weight and sign panel size. Every state mounted these supports in soil, and 

three states mounted them in both soil and concrete. 

Based on the results of the survey, several systems were identified as a priority for 

evaluation with this project, as shown in Table 8. The yield strength and splice configurations 

could be variable and would be further evaluated throughout the project.  
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Table 7. MASH 2016 Estimates of Previous Testing 

Test No. Designation 
Vehicle 

Type 

Post 

Weight, 

lb/ft 

Lower Panel 

Height(s), 

ft 

Impact Location 

Actual 

Test 

Result 

MASH 3-60 

Prediction 

MASH 3-61 

Prediction 

MASH 3-62 

Prediction 

7024-7 NCHRP 230 63 1800S 3 5 15 in. left of centerline Pass 2 4 2 

7024-8 NCHRP 230 62 1800S 3 5 15 in. right of centerline Pass 2 4 2 

7024-13 NCHRP 230 63 1800S 4 5 15 in. left of centerline Pass 2 4 2 

7185-3 NCHRP 230 62 1800S 4 7 Left quarterpoint Pass 5 4 4 

7185-4 NCHRP 230 63 1800S 4 7 Right quarterpoint Pass 5 4 4 

7185-5 NCHRP 230 62 1800S 4 7 Left quarterpoint Pass 5 4 4 

7185-6 NCHRP 230 63 1800S 4 7 Right quarterpoint Pass 5 4 4 

7185-7 NCHRP 230 62 1800S 4 7 Left quarterpoint Pass 5 1 2 

7185-8 NCHRP 230 63 1800S 4 7 Right quarterpoint Pass 5 1 2 

7185-9 NCHRP 230 62 1800S 4 7 Right quarterpoint Pass 5 1 2 

7185-10 NCHRP 230 63 1800S 4 7 Left quarterpoint Fail 5 1 2 

7185-11 NCHRP 230 62 1800S 4 7 Left quarterpoint Pass 5 4 4 

7185-12 NCHRP 230 63 1800S 4 7 Right quarterpoint Pass 5 4 4 

7185-13 NCHRP 230 62 1800S 4 7 Left quarterpoint Pass 5 4 4 

7185-14 NCHRP 230 63 1800S 4 7 Right quarterpoint Pass 5 4 4 

7185-15 NCHRP 230 62 1800S 4 7 Left quarterpoint Pass 5 1 2 

7185-16 NCHRP 230 63 1800S 4 7 Right quarterpoint Pass 5 1 2 

7185-17 NCHRP 230 62 1800S 4 7 Left quarterpoint Pass 5 1 2 

7185-18 NCHRP 230 63 1800S 4 7 Right quarterpoint Fail 5 1 2 

417292-3 NCHRP 350 3-71 820C 2 4 Right quarterpoint Fail 4 1 2 

2-362 MASH 3-62 2270P 4 5 ft ï11 in. Centerline Fail 4 3 1 

RF476460-1-2 MASH 3-62 2270P 4 7 Left quarterpoint Pass 5 5 Pass1 
1Full-scale crash test was conducted to MASH 

Scale: 1 unlikely to pass and 5 likely to pass 
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Figure 4. U-Channel Sign Support Survey Results 

Question

No.

Resp.

1. Are you currently using U-Channel Sign Supports? 14

2. Are you interested in using U-Channel Sign Supports in 

the future?
14

3. Do you want to provide input on which sign supports will 

be evaluated with this Pooled Fund project?
14

4. Do you use U-channel sign support for small delineators?13

5. What supplier do you purchase U-channel delineators 

from?
12

Nucor Steel Marion - 4

Franklin Industries  - 3

Chicago Heights Steel - 1

MD Solutions - 1

Vulcan Signing - 1

Unknown - 6

6. What weight U-channel do you utilize for delineators? 13

1.12 lb/ft - 5

2 lb/ft  - 6

2.2 lb/ft - 1

2.5 lb/ft - 2

3 lb/ft- 3

4 lb/ft- 1

0.93-in. A36/A36m steel - 1

7. Do you use sign panels with U-channel delineators? 13

7a. What is the typical height to bottom of sign panel for U-

channel delineators?
12

7b. What is the typical sign panel size for U-channel 

delineators?
13

6 in. x 12 in. - 3

10 in. x 36 in. - 3

12 in. x 24 in. - 4

12 in. x 36 in. - 8

12 in. x 48 in. - 3

18 in. x 18 in. - 3

None (reflector only) - 3

8. Do you use spliced U-channel with delineators? 12

9. Do you mount U-channel delineators in concrete or soil?13

10. Do you use U-channel sign support for other sign 

supports?
13

11. What supplier do you purchase other U-channel sign 

supports from?
10

Nucor Steel Marion - 5

Franklin Industries  - 4

Chicago Heights Steel - 2

MD Solutions - 1

Vulcan Signing - 1

Unknown - 2

12. What weight U-channel do you utilize for other sign 

supports?
9

1.12 lb/ft - 3

2 lb/ft - 2

2.5 lb/ft - 3

3 lb/ft- 5

4 lb/ft- 3

13. What is the typical bottom of sign panel height for other 

U-channel sign supports?
9

14. What is the typical single sign panel size or total 

clustered panel size (w x h) for other U-channel sign 

supports?

8

18 in. x 18 in. - 4

18 in. x 24 in. - 4

24 in. x 24 in. - 6

24 in. x 30 in. - 5

24 in. x 36 in. - 4

24 in. x 48 in. - 2

30 in. x 30 in. - 6

30 in. x 36 in. - 4

36 in. x 24 in. - 2

36 in. x 36 in. - 4

36 in. x 48 in. - 2

42 in. x 30 in. - 2

48 in. x 48 in. - 2

15. Do you use spliced U-channel with other small U-

channel sign supports?
9

16. Do you mount other small U-channel signs in concrete 

or soil?
9

Results

Yes - 13

No - 0

2 ft - 1

4 ft - 9

5 ft - 2

Yes - 3

No - 9

Soil - 7

Concrete - 0

Both - 6

U
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Yes - 14

No - 0

Yes - 13

No - 1

Yes - 13

No - 1

Yes - 13

No - 0

Yes -  9

No - 4

5 ft - 5

6 ft - 1

7 ft - 8

> 7 ft - 1

Yes - 7

No - 2

Soil - 6

Concrete - 0

Both - 3
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Table 8. Sign Systems Prioritized for Testing 

 

Post Weight, 

lb/ft 
Sign Panel Size 

Lower Panel 

Height, 

ft 

Post Yield 

Strength, 

ksi 

Splice Configuration 

1.12 Reflector only 4 60 None 

1.12 8 in. x 2 ft x 0.08 in. 4 60 None 

3 3 ft x 3 ft x 0.1 in. 7 60 
8-in. overlap at ground 

line 

4 3 ft x 3 ft x 0.1 in. 7 80+ None 

4 3 ft x 3 ft x 0.1 in. 7 60 
8-in. overlap at ground 

line 

4 3 ft x 3 ft x 0.1 in. 5 60 
8-in. overlap at ground 

line 
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4 DESIGN DETAILS  

The test installation consisted of three separate U-channel sign supports, schematics of 

which are shown in Figures 5 through 16. Photographs of the test installation are shown in Figures 

17 and 18. Material specifications, mill certifications, and certificates of conformity for the system 

materials are shown in Appendix C. 

The U-channel sign supports were made of A499 steel with a powder-coated finish. System 

A (test no. UCSS-1A) was a single post embedded in the ground without any splices, while 

Systems B and C (test nos. UCSS-1B and UCSS-1C, respectively) were comprised of an upper 

post support attached to an embedded ground stub foundation with a lap splice. The lap splices 

consisted of Gr. 9 hex bolts and heavy hex nuts, flat washers, and lock washers. The systems were 

placed 30 ft apart, with a slight offset so that Systems B and C contacted the right and left quarter 

points of the test vehicle, respectively. 

The 1.12-lb/ft U-channel support for System A was 96 in. tall, including 24 in. below the 

ground line. The weight of the support was confirmed to be 1.12 lb/ft. The sign panel was 36 in. 

tall, 12 in. wide, and 0.08 in. thick. The bottom of the sign panel was 48 in. above the ground line. 

The mounting points for the sign panel were 6 in. above the bottom edge of the sign panel and 2 

in. below the top edge of the U-channel support. 

The 4-lb/ft U-channel support for System B was 120 in. tall, which overlapped 8 in. with 

a ground stub that extended 38 in. below the ground line. The weight of the support was confirmed 

to be 4 lb/ft. The sign panel for System B was 36 in. tall, 36 in. wide, and 0.08 in. thick. The bottom 

of the sign panel was 84 in. above the ground line. The mounting points for the sign panel were 6 

in. above the bottom edge of the sign panel and 2 in. below the top edge of the U-channel support. 

The 4-lb/ft U-channel support for System C was 96 in. tall, which overlapped 8 in. with a 

ground stub that extended 38 in. below the ground line. The weight of the support was confirmed 

to be 4 lb/ft. The sign panel for System C was 36 in. tall, 36 in. wide, and 0.08 in. thick. The bottom 

of the sign panel was 60 in. above the ground line. The mounting points for the sign panel were 6 

in. above the bottom edge of the sign panel and 2 in. below the top edge of the U-channel support.
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Figure 5. Test Installation Layout, Test No. UCSS-1
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Figure 6. Sign Assembly, Test No. UCSS-1A
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Figure 7. U-Channel Base Detail, Test No. UCSS-1A



 

 

1
6 

D
e
c
e
m

b
er 1

7
, 2

0
2
0 

M
w

R
S

F
 R

e
p
o

rt N
o
. TR

P
-0

3-4
4
0-2

0 

 

Figure 8. Sign Assembly, Test No. UCSS-1B
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Figure 9. Splice Detail, Test No. UCSS-1B
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Figure 10. Sign Assembly, Test No. UCSS-1C
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Figure 11. Splice Detail, Test No. UCSS-1C
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Figure 12. U-Channel Base Detail, Test Nos. UCSS-1B and UCSS-1C
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Figure 13. U-Channel Post Detail, Test Nos. UCSS-1B and UCSS-1C



 

 

2
2 

D
e
c
e
m

b
er 1

7
, 2

0
2
0 

M
w

R
S

F
 R

e
p
o

rt N
o
. TR

P
-0

3-4
4
0-2

0 

 

Figure 14. Sign Panel Detail, Test No. UCSS-1
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Figure 15. Sign Support and Ground Stub Splice Attachment Hardware Detail, Test No. UCSS-1
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Figure 16. Bill of Materials, Test No. UCSS-1
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Figure 17. Test Installation, Test No. UCSS-1
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Figure 18. Test Installation, Test No. UCSS-1
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Figure 19. Test Installation, Test No. UCSS-1A 
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Figure 20. Test Installation, Test No. UCSS-1B 
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Figure 21. Test Installation, Test No. UCSS-1C 



December 17, 2020 

MwRSF Report No. TRP-03-440-20 

30 

5 TEST REQUIREMENTS AND EVALUATION CRITERIA  

5.1 Test Requirements 

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

in order to be declared eligible for federal reimbursement by the FHWA for use on the National 

Highway System (NHS). For new hardware, these safety standards consist of the guidelines and 

procedures published in MASH 2016. According to TL-3 criteria, support structures must be 

subjected to three full -scale vehicle crash tests, as summarized in Table 9. 

Table 9. MASH 2016 TL-3 Crash Test Conditions for Support Structures 

Test 

Article 

Test 

Designation 

No. 

Test 

Vehicle 

Vehicle 

Weight, 

lb 

Impact Conditions 
Evaluation 

Criteria1 Speed, 

mph 

Angle, 

degrees 

Support 

Structures 

3-60 1100C 2,420 19 CIA B,D,F,H,I,N 

3-61 1100C 2,420 62 CIA B,D,F,H,I,N 

3-62 2270P 5,000 62 CIA B,D,F,H,I,N 
1
Evaluation criteria explained in Table 10 

 

Test designation no. 3-61, reported herein, was conducted for three sign supports 

simultaneously. The selected devices, termed Systems A, B, and C, corresponded to test nos. 

UCSS-1A, UCSS-1B, and UCSS-1C, respectively. The systems were installed 30 ft apart and 

contacted by the test vehicle at a 0-degree angle. MASH notes that the critical impact angle (CIA) 

should be selected to represent the highest risk for the system to fail any of the recommended 

evaluation criteria. Since these permanent sign supports will not be typically 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 impact angle was believed to be most 

critical in terms of maximizing the potential area of contact of the sign panels with the windshield 

and roof. The initial impact point of System A was the centerline of the vehicleôs front bumper, 

while Systems B and C were impacted at the vehicleôs right- and left-side quarter points, 

respectively. 

Only one full -scale MASH test designation no. 3-61 crash test was conducted, as reported 

herein. MASH test designation nos. 3-60 and 3-62 were not conducted as part of the initial research 

effort. For a complete evaluation of the sign systems according to MASH TL-3, the full test matrix 

should be conducted, as shown in Table 9. 

5.2 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 is that the test article should readily activate in a predicable 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 
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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 10 and are defined in greater detail in MASH 2016. 

It is important to note that in tests of breakaway features, the impulse on the vehicle may 

be relatively small and of short duration. It is not unusual for x and y in the flail-space model to be 

less than 2 ft and 1 ft, respectively, during the period in which accelerations are recorded or up to 

the time brakes are applied to the test vehicle. As specified in Section A5.5.2 of MASH 2016, in 

such cases, it is recommended that the OIV be set equal to the vehicleôs change in velocity that 

occurs during contact with the test article, or parts thereof [1]. If parts of the test article remain 

with the vehicle after impact, the vehicleôs change in velocity should be computed at the time the 

vehicle clears the footing or foundation of the test article. 

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

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

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

2016. 

Table 10. 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 16 ft/s 

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

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

satisfy the following limits: 

 Occupant Ridedown Acceleration Limits  

Component Preferred Maximum 

Longitudinal and Lateral 15.0 gôs 20.49 gôs 

Post-Impact 

Vehicular 

Response 

N. Vehicle trajectory behind the test article is acceptable. 
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5.3 Soil Strength Requirements 

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

must be verified. During the installation of a soil dependent system, a W6x16 post is installed near 

the impact region using the same installation procedures as the system itself. Prior to full-scale 

testing, a dynamic impact test is conducted to verify a minimum dynamic soil resistance of 7.5 

kips at post deflections between 5 and 20 in. at a height of 25 in. If dynamic testing near the system 

is not desired, MASH 2016 permits a static test to be conducted and compared against a previously 

established baseline. In this situation, the soil must provide a resistance of at least 90 percent of 

the static baseline test at deflections of 5, 10, and 15 in. Further details can be found in Appendix 

B of MASH 2016.



December 17, 2020 

MwRSF Report No. TRP-03-440-20 

33 

6 TEST CONDITIONS 

6.1 Test Facility 

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

Lincoln Municipal Airport and is approximately five miles northwest of the University of 

NebraskaïLincoln. 

6.2 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 speed of the tow vehicle were one-half that of the test vehicle. 

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

speedometer on the tow vehicle increased the measurement accuracy of the test vehicle impact 

speed. 

A vehicle guidance system developed by Hinch [12] was used to steer the test vehicle. A 

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

with the system. The Ȩ-in. diameter guide cable was tensioned to approximately 3,500 lb and 

supported both laterally and vertically every 100 ft by hinged stanchions. The hinged stanchions 

stood upright while holding up the guide cable, but as the vehicle was towed down the line, the 

guide flag struck and knocked each stanchion to the ground. 

6.3 Test Vehicles 

A 2009 Toyota Yaris subcompact four-door car was used as the test vehicle for test no. 

UCSS-1. The curb, test inertial, and gross static vehicle weights were 2,312 lb, 2,395 lb, and 2,557 

lb, respectively. The test vehicle is shown in Figures 22 through 24, and vehicle dimensions are 

shown in Figure 25. MASH recommends using test vehicles within 6 model years on the day the 

test is conducted. Regardless of age, test vehicles should adhere to the properties specified in 

MASH [13]. While the test vehicle utilized was older than 6 years from the test date, the properties 

of the test vehicle met the requirements in MASH, and the test vehicle was geometrically similar 

to newer 1100C test vehicles. Note, MASH recommends that, when practical, the test vehicle 

should be selected to conform to all the parameters shown in MASH Tables 4-1 and 4-2. The hood 

height was measured to be 32Ȫ in., and MASH recommends 24 +/- 4 in. for the 1100C hood 

height. This difference was noted. Since, the overall front geometry of the Toyota Yaris was similar 

to other 1100C test vehicles, which was the primary contact area for the test article, it was not 

considered to be an issue. The longitudinal component of the center of gravity (c.g.) was 

determined using the measured axle weights. The vertical component of the c.g. was determined 

using a procedure published by SAE [14]. The location of the final c.g. is shown in Figures 25 and 

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

D. 

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

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

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

of the vehicle. 
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Figure 22. Test Vehicle, Test No. UCSS-1



December 17, 2020 

MwRSF Report No. TRP-03-440-20 

35 

 
 

 
 

 

Figure 23. Test Vehicleôs Interior Floorboards, Test No. UCSS-1
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Figure 24. Test Vehicleôs Undercarriage, Test No. UCSS-1
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Figure 25. Vehicle Dimensions, Test No. UCSS-1






























































































































































































































