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

Symbol When You Know Multiply By To Find Symbol 

LENGTH 
in. inches 25.4 millimeters  mm 

ft feet 0.305 meters  m 

yd yards  0.914 meters  m 
mi miles  1.61 kilometers km 

AREA 
in2 square inches 645.2 square millimeters mm2 

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

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

VOLUME 
fl oz fluid ounces 29.57 milliliters  mL 

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

yd3 cubic yards 0.765 cubic meters m3 

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

oz ounces 28.35 grams  g 

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

TEMPERATURE (exact degrees) 

°F  Fahrenheit  
5(F-32)/9 

or (F-32)/1.8 
Celsius  °C  

ILLUMINATION 
fc foot-candles  10.76 lux lx 

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

FORCE & PRESSURE or STRESS 
lbf poundforce  4.45 newtons  N 

lbf/in2 poundforce per square inch 6.89 kilopascals  kPa 

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

LENGTH 
mm millimeters  0.039 inches in. 

m meters  3.28 feet ft 
m meters  1.09 yards  yd 

km kilometers 0.621 miles  mi 

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

m2 square meters  1.195 square yard  yd2 

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

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

m3 cubic meters 35.314 cubic feet ft3 

m3 cubic meters 1.307 cubic yards yd3 

MASS 
g grams  0.035 ounces oz 

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

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

ILLUMINATION 
lx lux 0.0929 foot-candles  fc 

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

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

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

1.1 Background 

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 Officials’ (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 vehicle’s 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 vehicle’s 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 vehicle’s 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 – 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 vehicle’s 

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 –11 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 vehicle’s 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.  



December 17, 2020 

MwRSF Report No. TRP-03-440-20 

7 

 

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 –11 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
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Figure 8. Sign Assembly, Test No. UCSS-1B
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Figure 9. Splice Detail, Test No. UCSS-1B



 

 

1
8
 

D
ecem

b
er 1

7
, 2

0
2
0
 

M
w

R
S

F
 R

ep
o

rt N
o
. T

R
P

-0
3

-4
4
0
-2

0
 

 

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
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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



 

 

2
5
 

D
ecem

b
er 1

7
, 2

0
2
0
 

M
w

R
S

F
 R

ep
o

rt N
o
. T

R
P

-0
3

-4
4
0
-2

0
 

 
 

 
 

 
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 
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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 vehicle’s front bumper, 

while Systems B and C were impacted at the vehicle’s 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 



December 17, 2020 

MwRSF Report No. TRP-03-440-20 

31 

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 vehicle’s 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 vehicle’s 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 g’s 20.49 g’s 

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.
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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 

Nebraska–Lincoln. 

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

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

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

guide flag struck and knocked each stanchion to the ground. 

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 32⅞ 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
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Figure 23. Test Vehicle’s Interior Floorboards, Test No. UCSS-1
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Figure 24. Test Vehicle’s Undercarriage, Test No. UCSS-1
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Figure 25. Vehicle Dimensions, Test No. UCSS-1
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Figure 26. Target Geometry, Test No. UCSS-1
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The front wheels of the test vehicle were aligned to vehicle standards, except for the toe-

in value, which was adjusted to zero so the vehicle would track properly along the guide cable. 

Three 5B flash bulbs were mounted under the windshield wipers on the right, left, and center of 

the windshield, and were fired by a pressure tape switch mounted at each quarter point and 

centerline of the front bumper. The flash bulb was fired upon initial impact with the test articles to 

create a visual indicator of the precise time of impact. A remote-controlled brake system was 

installed so the vehicle could be brought safely to a stop. 

6.4 Simulated Occupant 

A Hybrid II 50th-Percentile, Adult Male Dummy, equipped with footwear, was placed in 

the right-front seat of the test vehicle with the seat belt fastened. The dummy had a final weight of 

162 lb. As recommended by MASH 2016, the dummy was not included in calculating the c.g. 

location. 

6.5 Data Acquisition Systems 

6.5.1 Accelerometers 

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

accelerations in the longitudinal, lateral, and vertical directions. Both accelerometer systems were 

mounted near the c.g. of the test vehicle. The electronic accelerometer data obtained in dynamic 

testing was filtered using the SAE Class 60 and the SAE Class 180 Butterworth filter conforming 

to the SAE J211/1 specifications [15]. 

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

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

designated as the primary system. Note that the SLICE-2 unit did not record data during test no. 

UCSS-1 due to triggering issues. The acceleration sensors were mounted inside the bodies of 

custom-built, SLICE 6DX event data recorders and recorded data at 10,000 Hz to the onboard 

microprocessor. Each SLICE 6DX was configured with 7 GB of non-volatile flash memory, a 

range of ±500 g’s, a sample rate of 10,000 Hz, and a 1,650 Hz (CFC 1000) anti-aliasing filter. The 

SLICEWare computer software program and a customized Microsoft Excel worksheet were used 

to analyze and plot the accelerometer data. 

6.5.2 Rate Transducers 

Two identical angular rate sensor systems mounted inside the bodies of the SLICE-1 and 

SLICE-2 event data recorders were used to measure the rates of rotation of the test vehicle. Note 

again that the SLICE-2 unit did not record this data due to triggering issues. Each SLICE MICRO 

Triax ARS had a range of 1,500 deg./sec in each of the three directions (roll, pitch, and yaw) and 

recorded data at 10,000 Hz to the onboard microprocessors. The raw data measurements were 

downloaded, converted to the proper Euler angles for analysis, and plotted. The SLICEWare 

computer software program and a customized Microsoft Excel worksheet were used to analyze 

and plot the angular rate sensor data. 
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6.5.3 Retroreflective Optic Speed Trap 

The retroreflective optic speed trap was used to determine the speed of the test vehicle 

before impact. Five retroreflective targets, spaced at approximately 18-in. intervals, were applied 

to the side of the vehicle. When the emitted beam of light was reflected by the targets and returned 

to the emitter/receiver, a signal was sent to the data acquisition computer, recording at 10,000 Hz, 

as well as the external LED box activating the LED flashes. The speed was then calculated using 

the spacing between the retroreflective targets and the time between the signals. LED lights and 

high-speed digital video analysis are only used if vehicle speeds cannot be determined from the 

electronic data. 

6.5.4 Digital Photography 

Five AOS high-speed digital video cameras, fourteen GoPro digital video cameras, two 

Panasonic digital video cameras, and one SoloShot digital video camera were used to film test no. 

UCSS-1. Camera details and operating speeds, lens information, and a schematic of the camera 

locations relative to the system are shown in Figure 27. 

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

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

analysis of the high-speed videos. A digital still camera was used to document pre- and post-test 

conditions.
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No. Type Operating Speed (frames/sec) Lens Lens Setting 

AOS-2 AOS Vitcam CTM 500 KOWA 16mm Fixed - 

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

AOS-6 AOS X-PRI Gigabit 500 Sigma 28-70 #2 70 

AOS-7 AOS X-PRI Gigabit 500 Sigma 28-70 #1 70 

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

GP-7 GoPro Hero 4 120   

GP-8 GoPro Hero 4 120   

GP-9 GoPro Hero 4 120   

GP-10 GoPro Hero 4 120   

GP-11 GoPro Hero 4 120   

GP-13 GoPro Hero 4 120   

GP-14 GoPro Hero 4 120   

GP-15 GoPro Hero 4 120   

GP-16 GoPro Hero 4 120   

GP-17 GoPro Hero 4 120   

GP-18 GoPro Hero 6 120   

GP-19 GoPro Hero 6 120   

GP-20 GoPro Hero 6 120   

GP-21 GoPro Hero 6 120   

PAN-1 Panasonic HC-V770 60   

PAN-2 Panasonic HC-V770 60   

SOLO SoloShot 120   

Figure 27. Camera Locations, Speeds, and Lens Settings, Test No. UCSS-1
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7 FULL-SCALE CRASH TEST NO. UCSS-1 (UCSS-1A, UCSS-1B, UCSS-1C) 

7.1 Static Soil Test  

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

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

demonstrated a soil resistance above baseline test limits. Thus, the soil provided adequate strength, 

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

7.2 Weather Conditions 

Test no. UCSS-1 was conducted on September 26, 2018 at approximately 02:00 p.m. The 

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

14939/LNK), are shown in Table 11. 

Table 11. Weather Conditions, Test No. UCSS-1 

Temperature 70°F 

Humidity 25 percent 

Wind Speed 7 mph 

Wind Direction 300 deg. from True North 

Sky Conditions Sunny 

Visibility 10 Statute Miles 

Pavement Surface Dry  

Previous 3-Day Precipitation  0.07 in. 

Previous 7-Day Precipitation  0.71 in. 

 

7.3 Test Description 

The 2,395-lb car impacted System A at 67.1 mph and an angle of 0 degrees. System B was 

impacted at 65.5 mph and an angle of 0 degrees. System C was impacted at 61.5 mph and an angle 

of 0 degrees The impact location is shown in Figures 28 and 29. Overhead cameras were not 

present to verify the impact angle with each system. However, the angles appeared very close to 

nominal. A detailed sequential description of the impact events is contained in Tables 12 through 

14. Sequential photographs are shown in Figures 30 through 32. Vehicle trajectory and final 

position are shown in Figure 34. 

MASH 2016 does not provide specific guidance about alignment between the test vehicle 

and test article for U-channel sign supports, so a centerline impact was selected for System A. In 

order to distinguish damage between different test articles, Systems B and C were aligned with the 

right and left quarter points of the front bumper, respectively. System A remained in contact with 

the vehicle throughout the entire impact event. The vehicle was determined to have exited each 

system when the vehicle cleared the footings of the signs. The vehicle came to rest 246 ft – 6 in. 

downstream and 5 ft – 5 in. to the left of System A.  
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Table 12. Sequential Description of Impact Events, Test No. UCSS-1A 

TIME 

(sec) 
EVENT 

0.000 Vehicle’s front bumper contacted bottom of System A sign support. 

0.030 
Sign support pulled from ground, buckled, and bent downward toward vehicle’s 

hood. 

0.060 
Sign support fully pulled from ground and lower portion of sign support lodged 

into vehicle’s right-lower A-arm. Sign support’s middle lower half bent. 

0.090 
Lower portion of sign support lodged into vehicle’s A-arm. Sign support’s top 

section pulled toward ground. 

0.120 Sign panel and sign support bent and buckled toward right side of vehicle.  

0.146 Vehicle cleared the footing of system A. 

Table 13. Sequential Description of Impact Events, Test No. UCSS-1B 

TIME 

(sec) 
EVENT 

0.000 
System A and vehicle’s front bumper on right corner point contacted bottom of 

System B sign support. 

0.040 
Lower portion of sign support sheared off at top attachment point of ground stub 

by attachment hardware. 

0.080 Sign support on the sign panel side moved toward vehicle’s roof. 

0.120 
Top portion of sign support, where sign panel is attached, contacted right-rear of 

vehicle’s roof. 

0.154 Vehicle cleared the footing of system B. 

0.160 Sign support deflected off vehicle’s roof. 

Table 14. Sequential Description of Impact Events, Test No. UCSS-1C 

TIME 

(sec) 
EVENT 

0.000 Vehicle’s left-front bumper contacted bottom of System C sign support. 

0.024 

U-channel sign support and ground stub section attachment hardware sheared off, 

and the sign support sheared off about 12 in. from attachment hardware. Lower 

portion of sign support (where the shearing occurred) stayed in ground and bent 

approximately 45 deg. to the rear. 

0.048 
Sign support rotated clockwise with the end with the sign panel moving toward 

vehicle’s roof. 

0.072 Sign support continued to rotate clockwise and became horizontal with ground. 

0.096 
Top portion of sign support where sign panel was attached contacted vehicle’s 

roof. 

0.120 Sign support deflected off vehicle’s roof. 

0.156 Vehicle cleared the footing of System C. 
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Figure 28. Impact Location, Test No. UCSS-1A
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Figure 29. Impact Location, Test Nos. UCSS-1B and UCSS-1C
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Figure 30. Sequential Photographs, Test No. UCSS-1
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Figure 31. Sequential Photographs, Test No. UCSS-1A
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Figure 32. Sequential Photographs, Test No. UCSS-1B 
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Figure 33. Sequential Photographs, Test No. UCSS-1C
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Figure 34. Vehicle Trajectory, Test No. UCSS-1
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7.4 System Damage 

System damage is shown in Figures 35 through 37 for Systems A, B, and C, respectively. 

System A was initially impacted 14.5 in. above the ground. The sign support was pulled out of the 

ground and bent around the vehicle’s hood and undercarriage. The lower end of the sign support 

was lodged in the vehicle’s right-side lower A-arm. The sign support and sign panel were bent and 

buckled toward the right side of the vehicle. 

System B was initially impacted by System A’s sign support, which was wrapped around 

the front bumper. Damage to the system included deformation of the sign panel, sign support, and 

support stub. The bottom of the U-channel sign support fractured, and the support-to-stub 

attachment hardware fractured. The top of the sign support and sign panel contacted the vehicle’s 

roof. The ground stub did not rotate through the soil or experience uplift, and the stub height (top 

of the ground stub) remained approximately 4 in. above the ground level, as shown in Figure 36.  

System C was initially impacted 14.5 in. above the ground. The sign support deflected 

backward and fractured 10 in. above the top of the stub. The lower portion of the fractured sign 

support remained in contact with the ground. The upper portion of the sign support and sign panel 

contacted the vehicle’s roof. The ground stub did not rotate through the soil or experience uplift, 

and the stub height (top of the ground stub) remained approximately 4 in. above the ground level, 

as shown in Figure 37. Although a portion of the upper sign support remained attached to the 

ground tub, this portion of the post was loose after the test and could be moved easily by hand. 

Thus, this portion of the post was not considered a hazard and not included in the ground stub 

measurement.
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Figure 35. System Damage, Test No. UCSS-1A
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Figure 36. System Damage, Test No. UCSS-1B
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Figure 37. System Damage, Test No. UCSS-1C
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7.5 Vehicle Damage 

Damage to the vehicle was minor, as shown in Figures 38 through 43. The maximum 

occupant compartment deformations are listed in Table 15 along with the deformation limits 

established in MASH 2016 for various areas of the occupant compartment. Note that none of the 

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

vehicle deformations and the corresponding locations are provided in Appendix F. The windshield 

damage occurred from System A. The roof damage occurred from Systems B and C.  

Contact marks were found across the front bumper and hood from impact with all three 

systems. The rear of the vehicle’s roof was moderately deformed after impact with Systems B and 

C. The lower center portion of the front windshield was cracked and slightly deformed. Minor 

scrapes were found on the leading edge of the lower control arms. The bottom portion of the sign 

support of System A was lodged in the right-side lower A-arm. The transmission and oil pan 

housings were scraped. Part of one of the U-channel supports was lodged in the suspension on the 

right side. The lower radiator support was damaged on the leading edge. 
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Figure 38. Vehicle Damage, Test No. UCSS-1
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Figure 39. Undercarriage Damage, Test No. UCSS-1
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Figure 40. Undercarriage Damage, Test No. UCSS-1
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Figure 41. Right-Side Lower A-Arm Damage, Test No.UCSS-1
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Figure 42. Roof Damage, Test No. UCSS-1
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Pre-test 

 

Post-test 

Figure 43. Windshield Damage, Test No. UCSS-1 
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Table 15. Maximum Occupant Compartment Deformations by Location, Test No. UCSS-1 

LOCATION 

MAXIMUM 

INTRUSION 

in. 

MASH  2016 ALLOWABLE 

INTRUSION 

in. 

Wheel Well & Toe Pan N/A ≤ 9 

Floor Pan & Transmission 

Tunnel 
N/A ≤ 12 

A-Pillar N/A ≤ 5 

A-Pillar (Lateral) N/A ≤ 3 

B-Pillar N/A ≤ 5 

B-Pillar (Lateral) N/A ≤ 3 

Side Front Panel (in Front 

of A-Pillar) 
N/A ≤ 12 

Side Door (Above Seat) N/A ≤ 9 

Side Door (Below Seat) N/A ≤ 12 

Roof 2.375 ≤ 4 

Windshield 0.375 ≤ 3 

Side Window Intact 
No shattering resulting from contact 

with structural member of test article 

Dash N/A N/A 

N/A – Not applicable 

7.6 Occupant Risk 

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

occupant ridedown accelerations (ORAs) in both the longitudinal and lateral directions are shown 

in Table 16. It is important to note that in these tests, the impulse on the vehicle was relatively 

small and of short duration. Thus, x and y in the flail-space model were less than 2 ft and 1 ft, 

respectively, during the period when the vehicle was in contact with each system. As specified in 

Section A5.5.2 of MASH 2016, in such cases, it was recommended that the OIV be set equal to 

the vehicle’s 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 vehicle’s change in velocity 

should be computed at the time the vehicle clears the footing or foundation of the test article. For 

each of the three tests, the OIV, or in this case, the vehicle change in velocity, was reported at the 

time in which the vehicle cleared the footings. 

Note that the OIVs and ORAs were within suggested limits, as provided in MASH 2016. 

The calculated THIV, PHD, and ASI values are also shown in Table 16. The results of the occupant 

risk analysis, as determined from accelerometer data, are summarized in Figures 44 through 46. 

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

G. 
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Table 16. Summary of OIV, ORA, THIV, PHD, and ASI Values, Test No. UCSS-1 

Evaluation Criteria 

Transducer Data 
MASH 2016 

Limits Test No. 

UCSS-1A 

Test No. 

UCSS-1B 

Test No. 

UCSS-1C 

OIV 

ft/s 

Longitudinal -1.70 -4.47 -2.41 ±16 

Lateral 0.05 0.10 -0.46 not required 

ORA 

g’s 

Longitudinal N/A N/A N/A ±20.49 

Lateral N/A N/A N/A ±20.49 

MAX. 

ANGULAR 

DISPL. 

deg. 

Roll 0.7 -0.5 -1.9 ±75 

Pitch -0.3 0.9 -0.4 ±75 

Yaw -0.1 1.4 -0.7 not required 

THIV 

ft/s 
9.87 11.39 11.02 not required 

PHD 

g’s 
0.29 0.26 0.69 not required 

ASI 0.08 0.13 0.11 not required 

Note: SLICE-2 was the designated primary transducer for test no. UCSS-1, but its equipment did not trigger. Data is 

from SLICE-1. The vehicle cleared the footings at 0.146 sec, 0.154 sec, and 0.156 sec after impact for test nos. 

UCSS-1A, UCSS-1B, and UCSS-1C, respectively, which was used to determine vehicle change in velocity, denoted 

as OIV. 

N/A – Not Applicable 

7.7 Discussion 

Analysis of the results for test no. UCSS-1 showed that the systems readily activated in a 

predictable manner when impacted by the 1100C vehicle. A summary of the test results and 

sequential photographs are shown in Figures 44 through 46. Detached elements, fragments, or 

other debris from the test articles did not penetrate or show potential for penetrating the occupant 

compartment, or present an undue hazard to other traffic, pedestrians, or work-zone personnel. 

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

injury did not occur. The test vehicle remained upright during and after impacts. Vehicle roll, pitch, 

and yaw angular displacements, as shown in Appendix G, were deemed acceptable because they 

did not adversely influence occupant risk nor cause rollover. After impact, the vehicle traversed 

the foundations and continued forward until it stopped downstream of the systems. Therefore, test 

nos. UCSS-1A and UCSS-1C were determined to be acceptable according to the MASH 2016 

safety performance criteria for test designation no. 3-61. However, since System A contacted and 

interfered with System B prior to the test vehicle contact, test no. UCSS-1B was ruled inconclusive.
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• Test Agency .........................................................................................................MwRSF 

• Test Number ...................................................................................................... UCSS-1A 

• Date ................................................................................................... September 26, 2018 

• MASH 2016 Test Designation No. ............................................................................. 3-61 

• Test Article................................................................................... 4-ft Tall Object Marker 

• Key Component – U-channel Sign Support 

Weight ......................................................................................................... 1.12 lb/ft 
Length ............................................................................................................... 96 in. 

Height to Bottom of Sign ...................................................................................... 4 ft 

• Key Component – Aluminum Sign 

Length ............................................................................................................... 36 in. 

Width ................................................................................................................. 12 in. 

Depth .............................................................................................................. 0.08 in. 

• Soil Type  

• Vehicle Make /Model .......................................................................... 2009 Toyota Yaris 

Curb ............................................................................................................... 2,312 lb 

Test Inertial.................................................................................................... 2,395 lb 
Gross Static.................................................................................................... 2,557 lb 

• Impact Conditions 

Speed ........................................................................................................... 67.1 mph 

Angle ................................................................................................................ 0 deg. 

Impact Location ................................................................ Centerline of front bumper 

• Kinetic Energy ......................................................................... 360.1 kip-ft > 286.1 kip-ft 

• Exit Conditions 

Speed ........................................................................................................... 65.9 mph 

Angle  ............................................................................................................... 0 deg. 

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

• Vehicle Stopping Distance .................................................................................... 246.5 ft 

• Vehicle Damage .................................................................................................. Minimal 

VDS [16]  ......................................................................................................12-FC-1 

CDC [17] .................................................................................................... 12FCEN5 
Maximum Interior Deformation ................................................................... 0.375 in.

 

 
 

 

 
 

 

 
 

 

 

• Test Article Damage .............................................................................................. Severe  

• Transducer Data 

Evaluation Criteria 
Transducer 

MASH 2016 Limit 
SLICE-1 

OIV 

ft/s 

Longitudinal -1.70 ±16 

Lateral 0.05 Not required 

ORA 

g’s 

Longitudinal N/A ±20.49 

Lateral N/A ±20.49 

MAX 

ANGULAR 
DISP. 

deg. 

Roll 0.7 ±75 

Pitch -0.3 ±75 

Yaw -0.1 Not required 

THIV – ft/s 3.01 Not required 

PHD – g’s 0.29 Not required 

ASI 0.08 Not required 

N/A – Not Applicable

Figure 44. Summary of Test Results and Sequential Photographs, Test No. UCSS-1A 

0.000 sec 0.040 sec 0.080 sec 0.120 sec 0.160 sec 
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• Test Agency .........................................................................................................MwRSF 

• Test Number ...................................................................................................... UCSS-1B 

• Date ................................................................................................... September 26, 2018 

• MASH 2016 Test Designation No. ............................................................................. 3-61 

• Test Article.................................................................................... 7-ft Tall Warning Sign 

• Key Component – U-channel Sign Support 

Weight .............................................................................................................. 4 lb/ft 
Length ............................................................................................................. 120 in. 

Height to Bottom of Sign ...................................................................................... 7 ft 

• Key Component – Aluminum Sign 

Length ............................................................................................................... 36 in. 

Width ................................................................................................................. 36 in. 

Depth .............................................................................................................. 0.08 in. 

• Soil Type  

• Vehicle Make /Model .......................................................................... 2009 Toyota Yaris 

Curb ............................................................................................................... 2,312 lb 

Test Inertial.................................................................................................... 2,395 lb 
Gross Static.................................................................................................... 2,557 lb 

• Impact Conditions 

Speed ........................................................................................................... 65.5 mph 

Angle ................................................................................................................ 0 deg. 

Impact Location .................................................. Right quarter point of front bumper 

• Kinetic Energy ......................................................................... 343.8 kip-ft > 286.1 kip-ft 

• Exit Conditions 

Speed ........................................................................................................... 62.4 mph 

Angle  ............................................................................................................... 0 deg. 

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

• Vehicle Stopping Distance .................................................................................... 246.5 ft 

• Vehicle Damage .................................................................................................. Minimal 

VDS [16]  ......................................................................................................12-FC-1 

CDC [17] .................................................................................................... 12FCEN5 
Maximum Interior Deformation ................................................................... 2.375 in.

 

 
 

 

 
 

 

 
 

 

 

• Test Article Damage .............................................................................................. Severe  

• Transducer Data 

Evaluation Criteria 
Transducer 

MASH 2016 Limit 
SLICE-1 

OIV 

ft/s 

Longitudinal -4.47 ±16 

Lateral -0.10 Not required 

ORA 

g’s 

Longitudinal N/A ±20.49 

Lateral N/A ±20.49 

MAX 

ANGULAR 
DISP. 

deg. 

Roll -0.5 ±75 

Pitch 0.9 ±75 

Yaw 1.4 Not required 

THIV – ft/s 11.39 Not required 

PHD – g’s 0.26 Not required 

ASI 0.13 Not required 

N/A – Not Applicable

Figure 45. Summary of Test Results and Sequential Photographs, Test No. UCSS-1B 

0.000 sec 0.030 sec 0.060 sec 0.090 sec 0.120 sec 
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• Test Agency .........................................................................................................MwRSF 

• Test Number ...................................................................................................... UCSS-1C 

• Date ................................................................................................... September 26, 2018 

• MASH 2016 Test Designation No. ............................................................................. 3-61 

• Test Article.................................................................................... 5-ft Tall Warning Sign 

• Key Component – U-Channel Sign Support 

Weight .............................................................................................................. 4 lb/ft 

Length ............................................................................................................... 96 in. 

Height to Bottom of Sign ...................................................................................... 5 ft 

• Key Component – Aluminum Sign 

Length ............................................................................................................... 36 in. 

Width ................................................................................................................. 36 in. 
Depth .............................................................................................................. 0.08 in. 

• Soil Type  

• Vehicle Make /Model .......................................................................... 2009 Toyota Yaris 

Curb ............................................................................................................... 2,312 lb 
Test Inertial.................................................................................................... 2,395 lb 

Gross Static.................................................................................................... 2,557 lb 

• Impact Conditions 

Speed ..........................................................................................................  61.5 mph 

Angle ................................................................................................................ 0 deg. 
Impact Location .................................................... Left quarter point of front bumper 

• Kinetic Energy ......................................................................... 302.9 kip-ft > 286.1 kip-ft 

• Exit Conditions 

Speed ........................................................................................................... 59.9 mph 

Angle  ............................................................................................................... 0 deg. 

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

• Vehicle Stopping Distance .................................................................................... 246.5 ft 

• Vehicle Damage .................................................................................................. Minimal 

VDS [16]  ......................................................................................................12-FC-1 
CDC [17] .................................................................................................... 21FCEN5 

Maximum Interior Deformation ................................................................... 2.375 in. 

 
 

 

 
 

 

 
 

 

 
 

 

• Test Article Damage ...............................................................................................Severe 

• Transducer Data 

Evaluation Criteria 
Transducer 

MASH 2016 Limit 
SLICE-1 

OIV 

ft/s  

Longitudinal -2.41  ±16 

Lateral -0.46  Not required 

ORA 
g’s 

Longitudinal N/A ±20.49 

Lateral N/A ±20.49 

MAX 

ANGULAR 

DISP. 
deg. 

Roll -1.9 ±75 

Pitch -0.4 ±75 

Yaw -0.7 Not required 

THIV – ft/s 11.02 Not required 

PHD – g’s 0.69 Not required 

ASI 0.11 Not required 

N/A – Not Applicable

Figure 46. Summary of Test Results and Sequential Photographs, Test No. UCSS-1C 

0.000 sec 0.030 sec 0.060 sec 0.090 sec 0.120 sec 
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8 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

Previous full-scale crash testing and dynamic component testing of various U-channel 

support configurations were reviewed to help identify critical sign configurations. Testing was 

conducted on systems with various panel mounting heights and post weights and included head-

on impacts as well as impacts to the right or left quarter points. Out of these 22 tests, four of them 

failed due to the excessive deformation to the vehicle’s roof and excessive occupant risk. Based 

on a survey from fourteen states, some common system configurations were prioritized for this 

test, with the primary features summarized in Table 8.  

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.  

Test no. UCSS-1 was conducted with three U-channel sign supports in accordance with 

MASH 2016 test designation no. 3-61. System A had a 1.12-lb/ft U-channel support with a 36-in. 

tall x 12-in. wide sign mounted at 4 ft above the ground line. System B had a 4-lb/ft U-channel 

support with a 36-in. tall x 36-in. wide sign mounted at 7 ft above the ground line, with a lap splice 

near the ground line. System C had a 4-lb/ft U-channel support with a 36-in. tall x 36-in. wide sign 

mounted at 5 ft above the ground line, with a lap splice near the ground line. System A contacted 

the vehicle at its centerline, System B was impacted by the vehicle at its right-front bumper, and 

System C was impacted by the vehicle’s left-front bumper. A summary of the test results is shown 

in Table 17. The systems were installed 30 ft apart in compacted crushed limestone, alternatively 

classified as well-graded gravel, on level terrain. During the test, a 2,395-lb small car impacted 

and disengaged all support structures from the ground. Detached elements and fragments did not 

show potential for penetrating the occupant compartment nor present an undue hazard to other 

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

serious injury did not occur. The test vehicle remained upright during and after the collisions. 

Vehicle roll, pitch, and yaw angular displacements, as shown in Appendix G, were deemed 

acceptable as they did not adversely influence occupant risk nor cause rollover. Therefore, test 

nos. UCSS-1A and UCSS-1C were determined to be acceptable according to the MASH 2016 

safety performance criteria for test designation no. 3-61. However, since System A contacted and 

interfered with System B prior to the test vehicle contact, test no. UCSS-1B was ruled inconclusive. 

All other testing criteria for test no. UCSS-1B was satisfactory. However, it is recommended that 

this test be repeated to obtain conclusive test results. 

The stub height remaining after an impact is of potential concern for vehicle override and 

undercarriage contact. For both systems B and C, the ground stub did not rotate or experience 

uplift. Thus, the stub height (top of the ground stub) was not changed from approximately 4 in. 

This result within the LRFD Specifications for Structural Supports for Highway Signs, 

Luminaires, and Traffic Signals [18] 4 in. recommendation for sign supports after an impact. As 

well, the impact configurations selected for systems B and C were selected because they 

represented the most common configuration for U-channel sign supports on roadsides, such that 

the post flanges were on the upstream side of impact. This configuration is also the standard, 

recommended orientation. Previous research has indicated that the sign supports perform 

approximately the same in both orientations, fracturing near the top of the ground stub.  
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MASH 2016 requires three full-scale crash tests to fully verify a sign support system. 

MASH test designation no. 3-60 is a 19-mph, small car impact used to determine if the support 

will activate the breakaway, fracture, or yielding mechanism in the support. MASH test 

designation nos. 3-61 and 3-62 are 62-mph impacts used to evaluate the behavior of the system 

during high-speed collisions by 1100C small car and 2270P pickup truck, respectively. MASH test 

designation no. 3-61 was conducted successfully on Systems A and C. MASH test designation 

nos. 3-60 and 3-62 should be conducted to complete the TL-3 testing matrix for these sign supports. 

Dynamic bogie tests will be completed on additional U-channel sign supports and will be reported 

in a forthcoming report. 
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Table 17. Summary of Safety Performance Evaluation 

Evaluation 

Factors 
Evaluation Criteria 

Test No. 

UCSS-1A 

Test No. 

UCSS-1B 

Test No. 

UCSS-1C 

Structural 

Adequacy 

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

fracturing, or yielding. 
S S S 

Occupant 

Risk 

D. 1. 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. 

2. 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. 

S 

 

 

S 

S 

 

 

S 

S 

 

 

S 

F. The vehicle should remain upright during and after collision. The maximum roll and pitch 

angles are not to exceed 75 deg. 
S S S 

H. Occupant Impact Velocity (OIV) (see Appendix A, Section A5.2.2 of MASH 2016 for 

calculation procedure) should satisfy the following limits: 

S S S  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: 

S S S  Occupant Ridedown Acceleration Limits  

Component Preferred Maximum 

Longitudinal and Lateral 15.0 g’s 20.49 g’s 

Post-Impact 

Vehicular 

Response 

N.  Vehicle trajectory behind the test article is acceptable. S S S 

MASH 2016 Test Designation No. 3-61 3-61 3-61 

Final Evaluation (Pass/Fail) Pass Inconclusive* Pass 

 S – Satisfactory  U – Unsatisfactory  N/A – Not Applicable     *Inconclusive due to interference from System A 
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Appendix A. Data from Previous U-Channel Testing
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Table A-1. Data from Previous U-Channel Testing 

Test No. Designation 
Vehicle 

Designation 

Post 

Weight, 

lb/ft 

Sign Panel 

Dimensions, 

ft 

Lower Panel 

Height(s), 

in. 

Impact Location 
Stub 

Orientation 

Soil 

Type 

Pass/ 

Fail 

7024-7 NCHRP 230 63 1800S 3 2 x 2½  5 15 in. left of centerline Reverse Standard Pass 

7024-8 NCHRP 230 62 1800S 3 2 x 2½ 5 15 in. right of centerline Reverse Standard Pass 

7024-13 NCHRP 230 63 1800S 4 2 x 2½ 5 15 in. left of centerline Reverse Standard Pass 

7185-3 NCHRP 230 62 1800S 4 2 x 3 7 Left quarterpoint Reverse Weak Pass 

7185-4 NCHRP 230 63 1800S 4 2 x 3 7 Right quarterpoint Reverse Weak Pass 

7185-5 NCHRP 230 62 1800S 4 2 x 3 7 Left quarterpoint Reverse Standard Pass 

7185-6 NCHRP 230 63 1800S 4 2 x 3 7 Right quarterpoint Reverse Standard Pass 

7185-7 NCHRP 230 62 1800S 4 2 x 3 7 Left quarterpoint Reverse Weak Pass 

7185-8 NCHRP 230 63 1800S 4 2 x 3 7 Right quarterpoint Reverse Weak Pass 

7185-9 NCHRP 230 62 1800S 4 2 x 3 7 Right quarterpoint Reverse Standard Pass 

7185-10 NCHRP 230 63 1800S 4 2 x 3 7 Left quarterpoint Reverse Standard Fail 

7185-11 NCHRP 230 62 1800S 4 2 x 3 7 Left quarterpoint Normal Weak Pass 

7185-12 NCHRP 230 63 1800S 4 2 x 3 7 Right quarterpoint Normal Weak Pass 

7185-13 NCHRP 230 62 1800S 4 2 x 3 7 Left quarterpoint Normal Standard Pass 

7185-14 NCHRP 230 63 1800S 4 2 x 3 7 Right quarterpoint Normal Standard Pass 

7185-15 NCHRP 230 62 1800S 4 2 x 3 7 Left quarterpoint Normal Standard Pass 

7185-16 NCHRP 230 63 1800S 4 2 x 3 7 Right quarterpoint Normal Standard Pass 

7185-17 NCHRP 230 62 1800S 4 2 x 3 7 Left quarterpoint Normal Weak Pass 

7185-18 NCHRP 230 63 1800S 4 2 x 3 7 Right quarterpoint Normal Weak Fail 

417292-3 NCHRP 350 3-71 820C 2 2 x 3 4 Right quarterpoint N/A Standard Fail 

2-362 MASH 3-62 2270P 4 
1 x 1 

3 x 3 

5 ft –11 in. 

7 ft 
Centerline Normal Standard Fail 

RF476460-1-2 MASH 3-62 2270P 4 3 x 3 7 Left quarterpoint Normal Standard Pass 
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Appendix B. U-Channel Sign Support Survey
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Figure B-1. U-Channel Sign Support Survey Questions, Page 1



December 17, 2020 

MwRSF Report No. TRP-03-440-20 

77 

 

Figure B-2. U-Channel Sign Support Survey Questions, Page 2
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Figure B-3. U-Channel Sign Support Survey Questions, Page 3
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Appendix C. Material Specifications
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Table C-1. Bill of Materials, Test No. UCSS-1 

Item 

No. 

Description Material 

Specification 

Reference 

a1 
1.12 lb/ft Franklin U-Channel Sign 

Post, 96 in. Long 
ASTM A499 Gr. 60 

PO#E000562398 

Grainger COC 

a2 
4.00 lb/ft Franklin U-Channel Sign 

Post, 120 in. Long 
ASTM A499 Gr. 60 

PO#1543 Franklin 

Industries COC 

a3 
4.00 lb/ft Franklin U-Channel Sign 

Post, 96 in. Long 
ASTM A499 Gr. 60 

PO#1543 Franklin 

Industries COC 

a4 
4.00 lb/ft Franklin U-Channel Sign 

Post, 42 in. Long 
ASTM A499 Gr. 60 

PO#1543 Franklin 

Industries COC 

b1 
36 in. x 12 in. x 0.08 in. Sign with 

Reflective Sheeting 

3M Engineer Grade 

Reflective Alum 

Smart Sign COC 

RTS-143048 

b2 
36 in. x 36 in. x 0.08 in. Sign with 

Reflective Sheeting 

3M Engineer Grade 

Reflective Alum 

Smart Sign COC 

RTS-143551 

c1 
5/16 in.-18 UNC, 1¾ in. Long Hex 

Bolt 
SAE J429 Gr. 9 

P#11540782 

C#486338 

H#10449870 

c2 
5/16 in.-18 UNC, 2¼ in. Long Hex 

Bolt 
SAE J429 Gr. 9 

H#10242060 

P#11540736 

C#469737 

c3 
5/16 in.-18 UNC, 2¾ in. Long Hex 

Bolt 
SAE J429 Gr. 9 

P#464179 

C#11540737 

H#10229550 

c4 5/16 in.-18 UNC Heavy Hex Nut SAE J995 Gr. 9 

P.O.#110233073 

P#11541092 

H#10463770 

c5 5/16-in. Dia. Plain Round Washer ASME B18.18-2017 
P#1133006 

C#210149350 COC 

c6 ⅜-in. Dia. Lock Washer 
ASME B 18.21.1-

2009 

P#1133620 

C#210150709 

H#F790006793 

c7 

Round Spacer, Steel, Zinc Plated 

Finish, ⅜ in. Screw Size, ¾ in. OD, 

0.38 in. ID, ½ in. Length 

Steel 
ASIN: 

B009YLXKQC 
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Figure C-1. 96-in. Long Franklin U-Channel Sign Post, Test No. UCSS-1
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Figure C-2. 120-in. Long Franklin U-Channel Sign Post, Test No. UCSS-1
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Figure C-3. 96-in. Long Franklin U-Channel Sign Post, Test No. UCSS-1
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Figure C-4. 42-in. Long Franklin U-Channel Sign Post, Test No. UCSS-1
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Figure C-5. 36-in. x 12-in. x 0.08-in. Sign with Reflective Sheeting, Test No. UCSS-1
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Figure C-6. 36-in. x 36-in. x 0.08-in. Sign with Reflective Sheeting, Test No. UCSS-1
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Figure C-7. 5/16-in.-18 UNC, 1¾-in. Long Hex Bolt, Page 1, Test No. UCSS-1
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Figure C-8. 5/16-in.-18 UNC, 1¾-in Long Hex Bolt, Page 2, Test No. UCSS-1
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Figure C-9. 5/16-in.-18 UNC, 1¾-in. Long Hex Bolt, Page 1, Test No. UCSS-1
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Figure C-10. 5/16-in.-18 UNC, 1¾-in. Long Hex Bolt, Page 2, Test No. UCSS-1
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Figure C-11. 5/16-in.-18 UNC, 1¾-in. Long Hex Bolt, Test No. UCSS-1
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Figure C-12. 5/16-in.-18 UNC, 1¾-in. Long Hex Bolt, Test No. UCSS-1
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Figure C-13. 5/16-in.-18 UNC, 1¾-in. Long Hex Bolt, Test No. UCSS-1
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Figure C-14. 5/16-in.-18 UNC, 2¼-in. Long Hex Bolt, Page 1, Test No. UCSS-1
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Figure C-15. 5/16-in.-18 UNC, 2¼-in. Long Hex Bolt, Page 2, Test No. UCSS-1
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Figure C-16. 5/16-in.-18 UNC, 2¼-in. Long Hex Bolt, Page 1, Test No. UCSS-1
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Figure C-17. 5/16-in.-18 UNC, 2¼-in. Long Hex Bolt, Page 2, Test No. UCSS-1
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Figure C-18. 5/16-in.-18 UNC, 2¼-in. Long Hex Bolt, Page 1, Test No. UCSS-1
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Figure C-19. 5/16-in.-18 UNC, 2¼-in. Long Hex Bolt, Page 2, Test No. UCSS-1
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Figure C-20. 5/16-in.-18 UNC, 2¾-in. Long Hex Bolt, Test No. UCSS-1
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Figure C-21. 5/16-in.-18 UNC, 2¾-in. Long Hex Bolt, Page 1, Test No. UCSS-1



December 17, 2020 

MwRSF Report No. TRP-03-440-20 

102 

 

Figure C-22. 5/16-in.-18 UNC, 2¾-in. Long Hex Bolt, Page 2, Test No. UCSS-1
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Figure C-23. 5/16-in.-18 UNC, 2¾-in. Long Hex Bolt, Test No. UCSS-1
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Figure C-24. 5/16-in.-18 UNC Heavy Hex Nut, Test No. UCSS-1



December 17, 2020 

MwRSF Report No. TRP-03-440-20 

105 

 

Figure C-25. 5/16-in.-18 UNC Heavy Hex Nut, Test No. UCSS-1
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Figure C-26. 5/16-in.-18 UNC Heavy Hex Nut, Test No. UCSS-1
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Figure C-27. 5/16-in.-18 UNC Heavy Hex Nut, Test No. UCSS-1
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Figure C-28. 5/16-in.-18 UNC Heavy Hex Nut, Page 1, Test No. UCSS-1
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Figure C-29. 5/16-in.-18 UNC Heavy Hex Nut, Page 2, Test No. UCSS-1
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Figure C-30. 5/16-in.-18 UNC Heavy Hex Nut, Test No. UCSS-1
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Figure C-31. 5/16-in. Dia. Plain Round Washer, Test No. UCSS-1
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Figure C-32. 5/16-in. Dia. Plain Round Washer, Test No. UCSS-1
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Figure C-33. ⅜-in. Dia. Lock Washer, Test No. UCSS-1
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Figure C-34. ⅜-in. Dia. Lock Washer, Test No. UCSS-1
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Figure C-35. Round Spacer, Steel, Zinc Plated Finish, ⅜-in. Screw Size, ¾-in. OD, 0.38 in.-ID, 

½-in. Length, Test No. UCSS-1
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Appendix D. Vehicle Center of Gravity Determination



December 17, 2020 

MwRSF Report No. TRP-03-440-20 

117 

 

Figure D-1. Vehicle Mass Distribution, Test No. UCSS-1

Date: 9/26/2018 Test Name: UCSS-1 VIN:

Year: 2009 Make: Toyota Model:

Weight         

(lb.)

+ 2312

+ 19

+ 7

+ 22

+ 5

+ 6

+ 14

- -35

- -11

- -6

- -19

- -7

- 0

+ 83

+ 5

+ 0

Note: (+) is added equipment to vehicle, (-) is removed equipment from vehicle

Estimated Total Weight (lb.) 2395

Vehicle Dimensions for C.G. Calculations

Wheel Base: 100.625 in. Front Track Width: 57.875 in.

Roof Height: 56.375 in. Rear Track Width: 57.375 in.

Test Inertial Difference

2420 ± 55 2395 -25.0

39 ± 4 40.88 1.88

NA -0.18 NA

NA 22.469 NA

Note:  Long. CG is measured from front axle of test vehicle 

Note:  Lateral CG measured from centerline - positive to vehicle right (passenger) side

CURB WEIGHT (lb.) TEST INERTIAL WEIGHT (lb.)

Left Right Left Right

Front  730 700 Front 712 710

Rear 445 437 Rear 493 480

FRONT 1430 lb. FRONT 1422 lb.

REAR 882 lb. REAR 973 lb.

TOTAL 2312 lb. TOTAL 2395 lb.

Fuel

Coolant

Vertical CG  (in.)

1100C MASH TargetsCenter of Gravity 

Test Inertial Weight (lb.)

Longitudinal CG  (in.)

Lateral CG  (in.)

CG Plate including DAS

Washer fluid

Water Ballast (In Fuel Tank)

Vehicle Equipment

Onboard Supplemental Battery

Hub

Brake activation cylinder & frame

Pneumatic tank (Nitrogen)

Strobe/Brake Battery

Brake Receiver/Wires

Battery

Oil

Interior

jtdbt903194056758

Yaris

Smart Barrier

 Vehicle CG Determination

Unballasted Car (Curb)
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Figure D-2. Vehicle Mass Distribution, Test No. UCSS-1

Date: 9/26/2018 Test Name: VIN:

Year: 2009 Make: Model:

Long CG     

(in.)

Lat CG         

(in.)

Vertical 

CG (in.)

Long M   

(lb.-in.)

Lat M             

(lb.-in.)

Vertical M

(lb.-in.)

+ 38.387 -0.474 22.268 88751.25 ######## 51483.905

+ 0 20.5 11.25 0 389.5 213.75

+ 32.125 -12.25 16.0 224.875 -85.75 112.0

+ 65.5 -12.75 13.25 1441.0 -280.5 291.5

+ 85.25 17.125 20.0 426.25 85.625 100.0

+ 131.625 0 35.5 789.75 0 213.0

+ 39.875 0 15.25 558.25 0 213.5

- 31.0 -7.5 -13.5 -1085.0 262.5 472.5

- 24.0 -5.0 7.0 -264.0 55.0 -77.0

- 40.625 0 21.75 -243.75 0 -130.5

- 80.0 0 12.5 -1520.0 0 -237.5

- 20.0 -19.0 -3.0 -140.0 133.0 21.0

- 22.0 -13.0 20.5 0 0 0

+ 80.0 0 12.5 6640.0 0 1037.5

+ 31.0 0 20.0 155.0 0 100.0

+ 0 0 0 0 0 0

0 0 0

Note: (+) is added equipment to vehicle, (-) is removed equipment from vehicle ######## -535.5 53813.655

Estimated CG Location (in.) 39.972 -0.224 22.469

Capacity

5000 lbs.

5000 lbs.

1500/pad

Unballasted Car (Curb)

Hub

Brake activation cylinder & frame

Pneumatic tank (Nitrogen)

Strobe/Brake Battery

Brake Receiver/Wires

CG Plate including DAS

Battery

Oil

Interior

Fuel

Coolant

Washer fluid

Race Wheel Scales

Pad Scale

Pad Scale

jtdbt903194056758

Yaris

Calibrated Scales Used

 Vehicle CG Determination

Vehicle Equipment

22033056

Onboard Supplemental Battery

Smart Barrier

Water Ballast (In Fuel Tank)

Equipment Type

UCSS-1

Toyota

Manufacturer

Pennsylvania Scale

Pennsylvania Scale

Intercomp

Serial #

95-228908

95-228909
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Appendix E. Static Soil Tests
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Figure E-1. Soil Strength Initial Calibration Tests, Test No. UCSS-1
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Figure E-2. Static Soil Test, Test No. UCSS-1
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Appendix F. Vehicle Deformation Records
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Figure F-1. Roof Deformation Data, Test No. UCSS-1

Date: Test Name: VIN:

Year: Make: Model:

POINT

Examplar 

Vehicle 

Measurement

Test Vehicle 

Measurment

CrushD 

(in.)

1 5 1/2 7 1/8 1.625

2 5 1/2 7 7/8 2.375

3 5 1/2 6 3/4 1.25

4 5 3/8 7 3/4 2.375

5 6 7 1/4 1.25

6 6 3/8 7 0.625

Year: 2008 Make: Model: VIN:

Test Vehicle Damaged Windshield Examplar Vehicle Windshield

A Length to vertical reference, typically the top or bottom of the windshield frame.
B C Side of windshield frame, top, bottom, passenger, or driver, in which the reference was measured from.
C Length to lateral referene either the driver or passenger side windshield frame.
D Crush is the difference between the test vehcile and examplar vehicle that is the intrusion of the windshield deformation.  The intrusion is perpendicular to the 

plane of the windshield which is a resultant of the X & Z directions.

Examplar Vehicle Description

Toyota Yaris jtdbt923384017665

Windshield Deformation Notes:

W
IN

D
S

H
IE

L
D

6 3/4 Top of back Glass

25 1/4 Top of back Glass 38 3/8 Pass.

16 3/4 Top of back Glass 23 3/4 Pass.

23 Top of back Glass 34 Pass.

14 1/8 Pass.

28 3/4

VEHICLE DEFORMATION

ROOF

Vertical Reference 

LengthA

Vertical Reference 

SideB

(Top or Bottom)

Lateral Referece 

LengthC

Lateral Reference 

SideB

(Driver or Pass.)

Top of back Glass 27 1/2 Pass.

9 1/2 Pass.

22 7/8 Top of back Glass

9/26/2018 UCSS-1 jtdbt903194056758

2009 Toyota Yaris
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Figure F-2. Windshield Deformation Data, Test No. UCSS-1

Date: Test Name: VIN:

Year: Make: Model:

POINT

Examplar 

Vehicle 

Measurement

Test Vehicle 

Measurment

CrushD 

(in.)

1 5 1/8 4 3/4 -0.375

2 5 1/8 4 3/4 -0.375

3 5 1/8 5 -0.125

Year: 2008 Make: Model: VIN:

9/26/2018 UCSS-1 jtdbt903194056758

2009 Toyota Yaris

16 5/8 Driver

29

VEHICLE DEFORMATION

WINDSHIELD

Vertical Reference 

LengthA

Vertical Reference 

SideB

(Top or Bottom)

Lateral Referece 

LengthC

Lateral Reference 

SideB

(Driver or Pass.)

Top 25 3/4 Driver

21 7/8 Driver

27 1/2 Top

Windshield Deformation Notes:

W
IN

D
S

H
IE

L
D

23 1/8 Top

A Length to vertical reference, typically the top or bottom of the windshield frame.
B C Side of windshield frame, top, bottom, passenger, or driver, in which the reference was measured from.
C Length to lateral referene either the driver or passenger side windshield frame.
D Crush is the difference between the test vehcile and examplar vehicle that is the intrusion of the windshield deformation.  The intrusion is perpendicular to the 

plane of the windshield which is a resultant of the X & Z directions.

Examplar Vehicle Description

Toyota Yaris jtdbt923384017665

Test Vehicle Damaged Windshield Examplar Vehicle Windshield
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Appendix G. Accelerometer and Rate Transducer Data Plots, Test No. UCSS-1
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Figure G-1. 10-ms Average Longitudinal Deceleration (SLICE-1), Test No. UCSS-1A
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Figure G-2. Longitudinal Occupant Impact Velocity (SLICE-1), Test No. UCSS-1A
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Figure G-3. Longitudinal Occupant Displacement (SLICE-1), Test No. UCSS-1A
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Figure G-4. 10-ms Average Lateral Deceleration (SLICE-1), Test No. UCSS-1A
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Figure G-5. Lateral Occupant Impact Velocity (SLICE-1), Test No. UCSS-1A
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Figure G-6. Lateral Occupant Displacement (SLICE-1), Test No. UCSS-1A
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Figure G-7. Vehicle Angular Displacements (SLICE-1), Test No. UCSS-1A
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Figure G-8. 10-ms Average Longitudinal Deceleration (SLICE-1), Test No. UCSS-1B
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Figure G-9. Longitudinal Occupant Impact Velocity (SLICE-1), Test No. UCSS-1B
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Figure G-10. Longitudinal Occupant Displacement (SLICE-1), Test No. UCSS-1B
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Figure G-11. 10-ms Average Lateral Deceleration (SLICE-1), Test No. UCSS-1B
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Figure G-12. Lateral Occupant Impact Velocity (SLICE-1), Test No. UCSS-1B
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Figure G-13. Lateral Occupant Displacement (SLICE-1), Test No. UCSS-1B
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Figure G-14. Vehicle Angular Displacements (SLICE-1), Test No. UCSS-1B
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Figure G-15. 10-ms Average Longitudinal Deceleration (SLICE-1), Test No. UCSS-1C
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Figure G-16. Longitudinal Occupant Impact Velocity (SLICE-1), Test No. UCSS-1C
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Figure G-17. Longitudinal Occupant Displacement (SLICE-1), Test No. UCSS-1C
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Figure G-18. 10-ms Average Lateral Deceleration (SLICE-1), Test No. UCSS-1C
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Figure G-19. Lateral Occupant Impact Velocity (SLICE-1), Test No. UCSS-1C
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Figure G-20. Lateral Occupant Displacement (SLICE-1), Test No. UCSS-1C
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Figure G-21. Vehicle Angular Displacements (SLICE-1), Test No. UCSS-1C
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