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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
in? square inches 645.2 square millimeters mm?
ft? square feet 0.093 square meters m?
yd? square yard 0.836 square meters m?
ac acres 0.405 hectares ha
mi? square miles 2.59 square kilometers km?
VOLUME
floz fluid ounces 29.57 milliliters mL
gal gallons 3.785 liters L
ft® cubic feet 0.028 cubic meters m?
yd® cubic yards 0.765 cubic meters m?
NOTE: volumes greater than 1,000 L shall be shown in m®
MASS
0z ounces 28.35 grams g
Ib pounds 0.454 kilograms kg
T short ton (2,000 Ib) 0.907 megagrams (or “metric ton”) Mg (or "t")
TEMPERATURE (exact degrees)
o n 5(F-32)/9 n o
F Fahrenheit or ((F-32)) 18 Celsius C
ILLUMINATION
fc foot-candles 10.76 lux Ix
fl foot-Lamberts 3.426 candela per square meter cd/m?
FORCE & PRESSURE or STRESS
Ibf poundforce 4.45 newtons N
Ibf/in? 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
mm? square millimeters 0.0016 square inches in?
m? square meters 10.764 square feet ft?
m? square meters 1.195 square yard yd?
ha hectares 2.47 acres ac
km? square kilometers 0.386 square miles mi?
VOLUME
mL milliliter 0.034 fluid ounces fl oz
L liters 0.264 gallons gal
m® cubic meters 35.314 cubic feet ft®
m? cubic meters 1.307 cubic yards yd®
MASS
g grams 0.035 ounces 0z
kg kilograms 2.202 pounds Ib
Mg (or "t") megagrams (or “metric ton”) 1.103 short ton (2,000 Ib) T
TEMPERATURE (exact degrees)
2 Celsius 1.8C+32 Fahrenheit °F
ILLUMINATION
Ix lux 0.0929 foot-candles fc
cd/m? candela per square meter 0.2919 foot-Lamberts fl
FORCE & PRESSURE or STRESS
N newtons 0.225 poundforce Ibf
kPa kilopascals 0.145 poundforce per square inch Ibf/in?

*Sl 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 Vehicle Vehicle Weight, | Impact Speed, Impact Impact Angle,
No. | Designation Ib mph Point degrees
3-60 1100C 2,420 19 Vehicle

3-61 1100C 2,420 62 Quarterpoint CIA!
3-62 2270P 5,000 62

ICritical Impact Angle from 0 to 25 deg., which is to be determined
1



December 17, 2020
MwRSF Report No. TRP-03-440-20

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-Ib/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 2% 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

Max.
. Post Yield | Test Inertial Impact Compartment
Test No. Post Weight, . Impact . Pass/
(Designation) b/ft g Strength, Weight, Speed, Locztion Deformation Fail
ksi Ib mph and Location,
in.
7024-7 15in. left of 2
(63) 3 102 1,800 605 centerline (Roof) Pass
7024-8 3 102 1,800 19.9 15in. rlg_ht of 0 Pass
(62) centerline
7024-13 15in. left of 2
(63) 4 84.1 1,795 203 centerline (Roof) Pass

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-Ib small car crash tests to evaluate the
impact performance of 4-Ib/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.
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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]

Post Impact Max.
Test No. Splice Yield Soil S ge q Impact Compartment Pass/
(Designation) | Orientation | Strength, Type rF‘r)1 h’ Location Deformation Fail
ksi P Location?

7185-3 Reverse 80 Weak 18.4 Left N/A Pass
(62) quarterpoint

7185-4 Reverse 80 Weak 61.8 Right N/A Pass
(63) quarterpoint

7185-5 Reverse 80 Standard 19.3 Left . N/A Pass
(62) quarterpoint

7185-6 Reverse 80 Standard 61.1 Right . N/A Pass
(63) quarterpoint

71857 Reverse 60 Weak 20.3 Left N/A Pass
(62) guarterpoint

7185-8 Reverse 60 Weak 61.5 Right N/A Pass
(63) guarterpoint

7185-9 Reverse 60 Standard 17.0 Right . N/A Pass
(62) guarterpoint

7185-10 Reverse 60 Standard 60.8 Left Roof over driver Fail?
(63) guarterpoint | compartment area

7185-11 Normal 80 Weak 19.2 Left N/A Pass
(62) guarterpoint

7185-12 Normal 80 Weak 61.9 Right N/A Pass
(63) guarterpoint

7185-13 Left
(62) Normal 80 Standard 20.1 quarterpoint N/A Pass

7185-14 Normal 80 Standard 61.8 Right N/A Pass
(63) quarterpoint

7185-15 Normal 60 Standard 19.4 Left N/A Pass
(62) quarterpoint

7185-16 Normal 60 Standard 62.4 Right N/A Pass
(63) quarterpoint

718517 Normal 60 Weak 20.0 Left N/A Pass
(62) quarterpoint

7185-18 Normal 60 Weak 62.4 Right _ Roof over driver Fail®
(63) guarterpoint | compartment area

'Exact 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.

—— 610 (24) —=t

; 2) 8 (5/16) DIA
' L~ (BO)LTS( /186)
¥
762 (30) H
> be——2 (0.08) THICK

ALUMINUM PANEL

fe—— 2 LB/FT WINGED
CHANNEL POST

1220 (48)

VIEW A=A

610 (24)

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]

Support Test Inertial | Impact Max. Compartment

Test No. . U-Channel . Impact . Pass/
i . Size, Weight, Speed, . Deformation, -
(Designation) Ib/ft Type b mph Location in. Fail
Right and
41(;?72%'3 2 Winged 1,806 62 left quarter 3.0 Fail®
points

Test 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]

. Max. Compartment
Post Test Inertial Lower Impact -
Te_st Nc_>. Weight, Weight, Panel Speed, Impa_ct Deformat_lon and Pas_s/
(Designation) b/ft b Height(s) mph Location Location, Fail
in.
. 55
(23'_36622) 4 4,991 St ﬁtl n. 61 Centerline | (Right side of roof | Fail*
above windshield)

Test 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-Ib/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.
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Figure 3. U-Channel Schematic, Test No. RF476460-1-2 [11]

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

Post Test Inertial | Impact Max. Compartment
Test No. : . P . Deformation and Pass/
o Weight, Weight, Speed, | Impact Location . .
(Designation) Location, Fail
Ib/ft Ib mph -
RF476460-1-2 . 2.1t
(3-62) 4 4,958 63.3 | Left quarterpoint (Roof) Pass

LIt 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 (MwWRSF) 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, 1.12-1b/ft and 2-Ib/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.



Table 7. MASH 2016 Estimates of Previous Testing

. Post Lower Panel Actual
Test No. Designation V_?S:)(;Ie V\/Iebi/%ht, Height(s), Impact Location Test hgf;i':jogo '\gﬁiiﬁoil '\gf;?jit?ogz
t ft Result
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 5ft-111n. Centerline Fail 4 3 1
RF476460-1-2 MASH 3-62 2270P 4 7 Left quarterpoint Pass 5 5 Pass!

IFull-scale crash test was conducted to MASH
Scale: 1 unlikely to pass and 5 likely to pass

02-0%7-€0-dYL 'ON Moday 4SHMIA

0202 ‘LT Jaquiaded
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No.
Question Resp. [Results
. . Yes - 14
1. Are you currently using U-Channel Sign Supports? 14 NO -0
% 2. Are you interested in using U-Channel Sign Supports in 1 Yes - 13
3 |the future? No - 1
3. Do you want to provide input on which sign supports will 14 Yes - 13
be evaluated with this Pooled Fund project? No -1
. ) Yes - 13
4. Do you use U-channel sign support for small delineators?| 13 Nis- 0
. ) Nucor Steel Marion - 4 MD Solutions - 1
5. What lier d hase U-ch | delineat . . -
from7a stpplier do you purchase L-channet delineators 12 |Franklin Industries - 3 Vulcan Signing - 1
' Chicago Heights Steel -1 Unknown - 6
;'Ilbzlf'tb_/fé S 3 Ib/ft- 3
6. What weight U-channel do you utilize for delineators? 13 4 1b/ft- 1
22 Ib/t-1 0.93-in. A36/A36m steel - 1
» 2.5 Ib/ft - 2 ' )
2 . . . Yes -1
s |7. Do you use sign panels with U-channel delineators? 13 Nis 0 3
2 -
T ] ) ) . 2ft-1
O |7a. What is the typical height to bottom of sign panel for U- 12 lat-o
= - n -
g channel delineators? 5f-2
w . "
6in.x12in.-3 . .
. . . . . . 12 in. x 48 in. -
7h. What is the typical sign panel size for U-channel 10in.x36in. -3 !n X 48 !n 8
. 13 . . 18in.x18in.-3
delineators? 12in.x24in. -4 None (reflector only) - 3
12in.x 36in. - 8 i
. . " Yes -3
8. Do you use spliced U-channel with delineators? 12 NO - 9
Soil - 7
9. Do you mount U-channel delineators in concrete or soil? | 13 |Concrete -0
Both - 6
10. Do you use U-channel sign support for other sign 13 Yes- 9
supports? No - 4
. . Nucor Steel Marion - 5 MD Solutions - 1
ij V(\)/E:tfisrp;[;ller do you purchase other U-channel sign 10 [Franklin Industries - 4 Vulcan Signing - 1
PP ) Chicago Heights Steel -2 Unknown - 2
. - . 1.12 Ib/ft - 3
12. What weight U-channel do you utilize for other sign 9 12 1bjit-2 3 Ib/ft- 5
? :
supports? 25 Ibfft - 3 4 1b/ft- 3
" 5ft-5
5 |13. What is the typical bottom of sign panel height for other 9 6ft-1
Q. .
g |U-channel sign supports? 7ft-8
cg >7ft-1
f=2 i in. -
@ 18 in.x181n. -4 30in. x 36 in. - 4
5 181n.x241n. -4 36 in. x 24 in. - 2
5 |14. What is the typical single sign panel size or total 24in.x24in.-6 _' L
o . . . . 36in.x36in.-4
clustered panel size (w x h) for other U-channel sign 8 |[24in.x301in.-5 . .
. . 36 in.x48in.-2
supports? 24in.x 36 in.-4 . .
. . 42in.x30in. -2
241in.x 48 in. - 2 481in. x 48 in. - 2
30in.x30in. -6 ' )
15. Do you use spliced U-channel with other small U- 9 Yes - 7
channel sign supports? No - 2
L il -
16. Do you mount other small U-channel signs in concrete Soil -6
or soil? 9 |Concrete -0
) Both - 3

Figure 4. U-Channel Sign Support Survey Results
10



December 17, 2020
MwRSF Report No. TRP-03-440-20

Table 8. Sign Systems Prioritized for Testing

Post Weidaht Lower Panel | Post Yield
gnt Sign Panel Size Height, Strength, Splice Configuration
Ib/ft >
ft Ksi
1.12 Reflector only 4 60 None
1.12 8in.x 2 ftx0.08 in. 4 60 None
3 3ftx3ftx0.1in. 7 60 8-in. °Ver:{ar]peat ground
4 3ftx3ftx0.1in. 7 80+ None
4 3ftx3ftx0.1in. 7 60 8-in. overllﬁlpeat ground
4 3ftx3ftx0.1in. 5 60 gin. overl'ﬁ]peat ground

11
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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 1.12-1b/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 Ib/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-Ib/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 Ib/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 4-1b/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 Ib/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 18. Test Installation, Test No. UCSS-1
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Figure 20. Test Installation, Test No. UCSS-1B
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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 Vehicle |__Impact Conditions _
Test Desianation Test Weidht Evaluation

Article g Vehicle ght, | Speed, | Angle, Criterial

No. Ib mph degrees

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

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

3-62 2270P 5,000 62 CIA B,D,F.H,I,N

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:
(2) structural adequacy; (2) occupant risk; and (3) vehicle trajectory after collision. Criteria for
structural adequacy is that the test article should readily activate in a predicable manner by
breaking away, fracturing, or yielding. Occupant risk evaluates the degree of hazard to occupants
in the impacting vehicle. Post-impact vehicle trajectory is a measure of the potential of the vehicle
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to result in a secondary collision with other vehicles and/or fixed objects, thereby increasing the
risk of injury to the occupants of the impacting vehicle and/or other vehicles. These evaluation
criteria are summarized in Table 10 and are defined in greater detail in MASH 2016.

It is important to note that in tests of breakaway features, the impulse on the vehicle may
be relatively small and of short duration. It is not unusual for x and y in the flail-space model to be
less than 2 ft and 1 ft, respectively, during the period in which accelerations are recorded or up to
the time brakes are applied to the test vehicle. As specified in Section A5.5.2 of MASH 2016, in
such cases, it is recommended that the OIV be set equal to the 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 | B- The test article should readily activate in a predictable manner by
Adequacy breaking away, fracturing, or yielding.
D. Detached elements, fragments or other debris from the test article

should not penetrate or show potential for penetrating the
occupant compartment, or present 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

Occupant A5.2.2 of MASH 2016 for calculation procedure) should satisfy
Risk 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 | N, Vehicle trajectory behind the test article is acceptable.
Vehicular
Response
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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 %-in. diameter guide cable was tensioned to approximately 3,500 Ib 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 Ib, 2,395 Ib, and 2,557
Ib, 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 32% 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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@ LITTLE APPLE

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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Date: 9/26/2018 Test Name: UCSS-1
Year: 2009 Make: Toyota
Tire Size: p185/60 Tire Inflation Pressure: 32 Psi

VIN No: jtdbt903194056758
Model: Yaris
Odometer: 147873

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

Note any damage prior to test:

Test Inertial CG
Q
R
P _.’ e —
g p— &= —
o} AN | G AT {
J L onﬂ c o L
Pt S Ky
| T 1
~—D E F—
C
Mass Distribution b (kg)
Gross Static LF__ 728 (330) RF__ 777 (352)
LR 517 (235) RR__ 535 (243)
Weights
Ib (kg) Curb Test Inertial Gross Static
W-front 1430 (649) 1422 (645) 1505 (683)
W-rear 882 (400) 973 (441) 1052 (477)
W-total 2312 (1049) 2395 (1086) 2557 (1160)
2420155 (1100£25) 2585155 (1175£50)
GVWR Ratings Ib Surrogate Occupant Data
Front 1840 Type: Hybrid Il
Rear 1820 Mass: 162 Ib
Total 3300 Seat Position: right

A: 66 3/8 (1686) B: 56 3/8 (1432)
6543 (1650+75)
C: 1683/4 (4286) D: 371/8 (943)
16948 (4300+200) 354 (900+100)
E: 1005/8 (2556) F: 313/8 (797)
9815 (2500£125)
G: 22 172 (572) H: 40 7/8 (1038)
394 (990+£100)

I 71/4 (184) J: 193/8 {492)
K: 13 3/8 (340) L: 251/8 (638)
M: 577/8 (1470) N: 57 3/8 (1457)

56+2 (1425+50) 56+2 (1425+50)
O: 327/8 (835) P: 11/4 (32)
24+4 (600£100)
Q: 231/4 (591) R: 16 3/8 {416)
S: 81/4 (210) T: 65 (1651)
U (impact width): 33 1/8 (841)
Top of radiator core
support: 31 1/2 (800)
Wheel Center
Height (Front): 11 1/4 (286)
Wheel Center
Height (Rear): 11 1/2 (292)
Wheel Well
Clearance (Front): 26 1/4 {667)
Wheel Well
Clearance (Rear): 26 1/4 (667)
Bottom Frame
Height (Front): 15 3/4 (400)
Bottom Frame
Height (Rear): 16 1/2 (419)
Engine Type: Gasoline
Engine Size: VVT-i1.5L 4 Cy
Transmission Type: Automatic
Drive Type: FWD

Previously used for CHIC-4 Repaired near suspension.

Figure 25. Vehicle

Dimensions, Test No. UCSS-1
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Date: 9/26/2018 Test Name: UCSS-1 VIN: jtdbt903194056758
Year: 2009 Make: Toyota Model: Yaris
Targets re-measured 6-23-20
TARGET GEOMETRY-- in. (mm)
A: N/A (N/A) F: 38 1/4 (972) K: N/A (N/A)
Omited Windshield Target Omited
B: 49 7/8 (1267) G: 41 (1041) L: 55 9116  (1411)
Front round CG target
c: 13 5/8 (346) H: 22 1/4 (565) M: 29 7/8 (759)
D: 2011/16 (525) I: 59 9/16 (1513) N: N/A (N/A)
Rear Round target Omited
E: 11 (279) J: 2913/16 (757)

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 11 50"-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 Ib. 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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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 0.71in.

7.3 Test Description

The 2,395-1b 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 EVENT
(sec)
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.
Lower portion of sign support lodged into vehicle’s A-arm. Sign support’s top
0.090 .
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 EVENT
(sec)
0.000 System A and vehicle’s front bumper on right corner point contacted bottom of
' System B sign support.
Lower portion of sign support sheared off at top attachment point of ground stub
0.040
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 EVENT
(sec)
0.000 Vehicle’s left-front bumper contacted bottom of System C sign support.
U-channel sign support and ground stub section attachment hardware sheared off,
0.024 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])c 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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10.400 sec . 10.960 sec

Figure 30. Sequential Photographs, Test No. UCSS-1
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0.250 sec 0.250 sec

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
58



December 17, 2020
MwRSF Report No. TRP-03-440-20

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

MAXIMUM MASH 2016 ALLOWABLE
LOCATION INTRUSION INTRUSION
in. in.
Wheel Well & Toe Pan N/A <9
Floor Pan_lc_gljr'll;]r;nsmlssmn N/A <12
A-Pillar N/A <5
A-Pillar (Lateral) N/A <
B-Pillar N/A <
B-Pillar (Lateral) N/A <
Side Frg?igri\ﬁgs)m Front 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 Wit structura membet of tet articl
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

e valuation Criter Transducer Data MASH 2016
valuation Lriteria Test No. Test No. Test No. Limits
UCSS-1A UCSS-1B UCSS-1C
ol Longitudinal -1.70 -4.47 -2.41 +16
ft/s Lateral 0.05 0.10 -0.46 not required
ORA Longitudinal N/A N/A N/A +20.49
g’s Lateral N/A N/A N/A +20.49
MAX. Roll 0.7 -0.5 -1.9 +75
ANGULAR "
DISPL. Pitch 0.3 0.9 0.4 :|:75-
deg. Yaw -0.1 14 -0.7 not required
TEI/ISV 9.87 11.39 11.02 not required
Pg",'SD 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 OlV.

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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Figure 44. Summary of Test Results and Sequential Photographs, Test No. UCSS-1A
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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-Ib/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 4-1b/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-Ib 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 Evaluation Criteria Test No. Test No. Test No.
Factors UCSS-1A UCSS-1B UCSS-1C
Structural B.  The test article should readily activate in a predictable manner by breaking away, s s s
Adequacy fracturing, or yielding.
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 S S S
to other traffic, pedestrians, or personnel in a work zone.
2. Deformations of, or intrusions into, the occupant compartment should not exceed S S S
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 s s s
angles are not to exceed 75 deg.
H.  Occupant Impact Velocity (O1V) (see Appendix A, Section A5.2.2 of MASH 2016 for
Occupant calculation procedure) should satisfy the following limits:
Risk T
Occupant Impact Velocity Limits S S S
Component Preferred Maximum
Longitudinal 10 ft/s 16 ft/s
l. 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 S S S
Component Preferred Maximum
Longitudinal and Lateral 15.0¢’s 20.49 g’s
Post-Impact
Vehicular N.  Vehicle trajectory behind the test article is acceptable. S S S
Response
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

N Vehicle PC.)St S_ign P"?‘”e' Low_er Panel . Stub Soil Pass/

Test No. Designation Designation WI%I/?‘Pt Dlme?tsmns, Hel?:t(s), Impact Location Orientation Type Eail
7024-7 NCHRP 230 63 1800S 3 2 X 2% 5 15 in. left of centerline Reverse Standard | Pass
7024-8 NCHRP 230 62 1800S 3 2 X 2% 5 15 in. right of centerline Reverse Standard | Pass
7024-13 NCHRP 230 63 1800S 4 2 X 2% 5 15 in. left of centerline Reverse Standard | Pass
7185-3 NCHRP 230 62 1800S 4 2x3 7 Left quarterpoint Reverse Weak Pass
7185-4 NCHRP 230 63 1800S 4 2x3 7 Right quarterpoint Reverse Weak Pass
7185-5 NCHRP 230 62 1800S 4 2x3 7 Left quarterpoint Reverse Standard | Pass
7185-6 NCHRP 230 63 1800S 4 2x3 7 Right quarterpoint Reverse Standard | Pass
7185-7 NCHRP 230 62 1800S 4 2x3 7 Left quarterpoint Reverse Weak Pass
7185-8 NCHRP 230 63 1800S 4 2x3 7 Right quarterpoint Reverse Weak Pass
7185-9 NCHRP 230 62 1800S 4 2x3 7 Right quarterpoint Reverse Standard | Pass
7185-10 NCHRP 230 63 1800S 4 2x3 7 Left quarterpoint Reverse Standard | Fail
7185-11 NCHRP 230 62 1800S 4 2x3 7 Left quarterpoint Normal Weak Pass
7185-12 NCHRP 230 63 1800S 4 2x3 7 Right quarterpoint Normal Weak Pass
7185-13 NCHRP 230 62 1800S 4 2x3 7 Left quarterpoint Normal Standard | Pass
7185-14 NCHRP 230 63 1800S 4 2x3 7 Right quarterpoint Normal Standard | Pass
7185-15 NCHRP 230 62 1800S 4 2x3 7 Left quarterpoint Normal Standard | Pass
7185-16 NCHRP 230 63 1800S 4 2x3 7 Right quarterpoint Normal Standard | Pass
7185-17 NCHRP 230 62 1800S 4 2x3 7 Left quarterpoint Normal Weak Pass
7185-18 NCHRP 230 63 1800S 4 2x3 7 Right quarterpoint Normal Weak Fail
417292-3 NCHRP 350 3-71 820C 2 2x3 4 Right quarterpoint N/A Standard | Fail
2-362 MASH 3-62 2270P 4 ;; i é St ;%1 in. Centerline Normal Standard | Fail
RF476460-1-2 MASH 3-62 2270P 4 3x3 7 Left quarterpoint Normal Standard | Pass
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Appendix B. U-Channel Sign Support Survey
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State:
Emal Address:

The Midwest Pooled Fund Program sponsared a project in Year 28 (2017-2020) to evaluate single, steel, U-Channel Sign
Suppoets to MASH TL-3 (60 mph speeds). We have categonzed these sign suppoets into two general categories:

(1) delmeators [such as mile marker and relerence locatsoa signs, object markers, or retlectors {without a sign) that have a
typical mmimum bottom of sign panel hesght around 4 1t and

(2) other smaller agns [such 25 speed limit or highway designator signs and may include clustered sign panels that have a
tymcal mamimum bottom of sign panel height of S 10 7 ).

Examples of these systems are shown below.

1. Are you currently using U-Channel Sign Supports (delineators, mike markers, or other smaller sagns such a5 speed
Limit or lighway designator sagns)?
I Yes
CINo
Are you mnterested in using U-Channel Sign Supports (delmeatoes, nule markers, or other smaller Ssigns such as speed
himit or highway designator sagns) in the future?
I Yes
CiNe
3. Do you want to provide input on which sign supports wall be evaluated with thas Pooled Fund progect”
I Yes, I want to provade mput for thes Pooled Fund progect. Please continue with susvey
I No, 1 do not want to provade inpat for this Pooled Fund progect. Please stop here and submit

[

Figure B-1. U-Channel Sign Support Survey Questions, Page 1
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SMALL DELINEATORS (SUCH AS MILE
MARKERS OR REFLECTORS. TYPICALLY 4 FT
TO BOTTOM OF SIGN OR REFLECTOR)
4. Do you we U-channel sign suppart for small
delineators?
1 Yes, please answer questions 549
[ No, please skip questions 5-9
5. What supplier do you purchase from for Us-channel
delineators? You may select mudtiple.
O Franklin Industries
O Nucor Steel Manon (Rib-bak)
O Chicago Heaghts Steel
O Other
O Unknown
6. What weight'foot U-channel do you utilize for
dehneators? You may select multiple.
0O 112 1/ O3 v
02w O4mn
O25ivR
O Other
O Unknown
7. Do you use sign panels (such as male marker or object
marker signs) with Uschannel delineators?
O Yes. Please answer 7a and 7h.
Ta_ I yes, What is the typacal hesght 1o bottom of
sign panel for Uschannel delineators?
O4n
asn
O Onher

Th. If yes, What 15 the typical sign panel size for U
channel delmeators? You may select muluple.
D10mx24m O12in x24 .
Omx36m 012 x36m.
O10mx48m O 12 x48 in.

O 6mx12m O18in x I8 in.
O No. it ondy has a reflector
8 Do you wse splced U-channel {lapped, shipbase, etc.)
with delmeators?
O Yes, lapped near groundline
O Yes, lapped near middle of post or bottom of sign
O No
O Other:

O Unknown
9. Do you mount U-channel delineators in concrete or
sanl”?
O Only soil
O Only concrete
O Both

December 17, 2020
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OTHER SIGN SUPPORTS (SUCH AS SPEED LIMIT
OR HIGHWAY DESIGNATOR SIGNS, TYPICALLY
SFTOR7FT TO BOTTOM OF SIGN PANEL)
10, Do you use Uschannel sign support for other sign
supports?
[ Yes, please answer questions 11-16
[ No, please skip questions 1116
11. What supplber do you purchase from foe other U~
channel sign suppoets? You may sedect multsple,
L Franklin Industnies
L Nucor Steel Manon (Rib-bak)
O Chicago Heights Steel
I Onber
O Unknown
12, What weaght'foot U-channel do you utslze for other
sign supports? You may select multiple.
Ori2ivn O31va
O2iwvh O41va
025 b4t
O Onher
O Unknown
13. What 15 the typical bottom of sign panel height for other
Uschannel sign supports? You may select multiple.
Oosn
Oo7f
D Greater than 7 #t
O Other
O Unknown
14. What 15 the typcal single sign panel szze or total
clustered panel s1ze (width x height) for other U-
channel sign supports? You may sebect multsple,
OiSinxI8m O30m x30m D42 x30m.
Di8mx24m O30m x36m O48in x48m.
O x24m O36mx24m O48in x60m
O2m x30m O36m x36m O54inx18m.
OD24m x36m O36m x48m. O60in x60m
O Onber
15. Do you use spliced U-channel (lapped, slipbase, etc)
with other small U-channel sign supports”
O Yes, lapped near groundline
O Yes, lapped near muddle of post oc bottom of sign
O No
0 Onher:
O Unknown
16. Do you mount other small U-channel s1gns in concrete or
sol?
O Only sonl
C Only concrete
O Bath

Figure B-2. U-Channel Sign Support Survey Questions, Page 2
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17. Plesse provide two single, U-channel sign configuration that = the highest need for your state;
1% Sign Coafiguratxon
U-channel weight per foot:
Height to bottom of sign
Sign panel suze;
Splice Used?: L1 Yes, Please Describe:
1 No, directly buried i ground
2 Sign Configuration
Uschannel weight per foot:
Height to bottom of sign-
Sign panel size:
Splice Used™: LT Yes, Please Descnbe:
1 No, directly buried in ground
18, Please provide any additional comments that you feel would be important 1o the project.

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
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0.38in. ID, %2 in. Length

Item Description Material Reference
No. Specification
1.12 Ib/ft Franklin U-Channel Sign PO#E000562398
al Post, 96 in. Long ASTM A499 Gr. 60 Grainger COC
4.00 Ib/ft Franklin U-Channel Sign PO#1543 Franklin
a2 Post, 120 in. Long ASTM A499 Gr. 60 Industries COC
4.00 Ib/ft Franklin U-Channel Sign PO#1543 Franklin
a3 Post, 96 in. Long ASTM A499 Gr. 60 Industries COC
4.00 Ib/ft Franklin U-Channel Sign PO#1543 Franklin
a4 Post, 42 in. Long ASTM A499 Gr. 60 Industries COC
bl 36in.x 12 in. x 0.08 in. Sign with | 3M Engineer Grade Smart Sign COC
Reflective Sheeting Reflective Alum RTS-143048
b2 36 in. x 36 in. x 0.08 in. Sign with | 3M Engineer Grade Smart Sign COC
Reflective Sheeting Reflective Alum RTS-143551
: : P#11540782
5 - 3
ct | ein-ABUNG TainLong Hex | sae 420 Gr. g C#486338
H#10449870
: : H#10242060
5 -
co | ToIn-I8UNG Zain-LongHex | sae 429 6r. 9 P#11540736
C#469737
: : P#464179
5 -
c3 /16 in.-18 UNCB’EIS(“ In-LongHex | gaE 429 Gr. 9 C#11540737
H#10229550
P.0.#110233073
c4 %/16 in.-18 UNC Heavy Hex Nut SAE J995 Gr. 9 P#11541092
H#10463770
5, i : ) P#1133006
c5 /16-in. Dia. Plain Round Washer ASME B18.18-2017 C#210149350 COC
P#1133620
c6 %-in. Dia. Lock Washer ASME2|30198'21'1' C#210150709
H#F790006793
Round Spacer, Steel, Zinc Plated ASIN:
NS L :
c7 Finish, %z in. Screw Size, % in. OD, Steel BOO9YLXKQC
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GR AINGER Certificate of Conformance W.W. Grainger, Inc.

100 Grainger Parkway
IWHT ]| Fon mie owes wio aer i oowe Lake Forest, IL. 60045-5201

September 17 2018

Attn: SHAUN M TIGHE
SHAUN M TIGHE
CANFIELD ADMINISTRATION

BLDG
LINCOLN, NE, 68588-0439

Fax #
Grainger Sales Order #: 1331380123
Customer PO #: E000562398

Dear SHAUN M TIGHE

As you requested, we are providing you with the following information. We certify that, to the best of Grainger's

actual knowledge, the products described below conform to the respective manufacturer's specifications as
described and approved by the manufacturer.

Description Vendor Part # Catalog Page # | Order Quantity
39F187 Post,U Channel,Green,8 ft. 054-00014 1834 2.000
Shea Gallup

Process Management Analyst
Compliance Team
Grainger Industrial Supply

Figure C-1. 96-in. Long Franklin U-Channel Sign Post, Test No. UCSS-1
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i Franklin
Industries

CERTIFICATE OF COMPLIANCE

Sanbar Construction
9101 Broadway SE
Albuquerque, NM 87105

RE: Customer Purchase Order No:<1543)

Franklin Industries’ Folio No: H501

Franklin Industries’ Product: 7’, 1.121b. per ft. 10’, 11°, 3’6, 3lb. per ft. green u
channel post.

We hereby certify that all posts manufactured by Franklin
Industries Co are hot rolled and fabricated in Franklin, Pennsylvania
and have been produced from recycled Standard T rails weighing 91
Ilbs. / yard or heavier, complying with ASTM specification A499-89,
Grade 60. Standard T rails used for products subject to “Buy America”
requirements were produced according to ASTM A1 from rails melted
and rolled in the United States of America.

Customer Service/Sales

PO Box 671 Franklin, PA 16323
Sales Office 814.437.3726
Fax 814.432.7556

Figure C-2. 120-in. Long Franklin U-Channel Sign Post, Test No. UCSS-1
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&1 Franklin
Industries

CERTIFICATE OF COMPLIANCE

Sanbar Construction
9101 Broadway SE
Albuquerque, NM 87105

RE: Customer Purchase Order No:<154 )

Franklin Industries’ Folio No: H501

Franklin Industries’ Product: 7°, 1.12Ib. per ft. 10’, 11°, 36, 3lb. per ft. green u
channel post.

We hereby certify that all posts manufactured by Franklin
Industries Co are hot rolled and fabricated in Franklin, Pennsylvania
and have been produced from recycled Standard T rails weighing 91
Ibs. / yard or heavier, complying with ASTM specification A499-89,
Grade 60. Standard T rails used for products subject to “Buy America”
requirements were produced according to ASTM A1 from rails melted
and rolled in the United States of America.

Customer Service/Sales

PO Box 671 Franklin, PA 16323
Sales Office 814.437.3726
Fax 814.432.7556

Figure C-3. 96-in. Long Franklin U-Channel Sign Post, Test No. UCSS-1
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i Frankiin
Industries

CERTIFICATE OF COMPLIANCE

Sanbar Construction
9101 Broadway SE
Albuquerque, NM 87105

RE: Customer Purchase Order No:<154 )

Franklin Industries’ Folio No: H501

Franklin Industries’ Product: 7°, 1.12Ib. per ft. 10°, 11°, 36, 3lb. per ft. green u
channel post.

We hereby certify that all posts manufactured by Franklin
Industries Co are hot rolled and fabricated in Franklin, Pennsylvania
and have been produced from recycled Standard T rails weighing 91
Ibs. / yard or heavier, complying with ASTM specification A499-89,
Grade 60. Standard T rails used for products subject to “Buy America”
requirements were produced according to ASTM A1 from rails melted
and rolled in the United States of America.

Customer Service/Sales

PO Box 671 Franklin, PA 16323
Sales Office 814.437.3726
Fax 814.432.7556

Figure C-4. 42-in. Long Franklin U-Channel Sign Post, Test No. UCSS-1
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SmartSign

300 Cadman Plaza West, ste 1303
Brooklyn NY 11201
Phone: 1-800-952-1457

9/11/18

CERTIFICATE OF COMPLIANCE

Smartsign hereby certifies that all materials supplied against purchase order RTS-143048 shipped on
9/10/18 conforms to the material and/ or manufacturing specifications as called on this said purchase
order without expectations.

ltem #
X-OM-3L

Description:
Type 3 Object Marker

Sincerely,

~ Tahyna Colon
Call Center Manager
tahyna@smartsign.com
800-952-1457 x 7140

Figure C-5. 36-in. x 12-in. x 0.08-in. Sign with Reflective Sheeting, Test No. UCSS-1
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SmartSign

300 Cadman Plaza West, ste 1303
Brooklyn NY 11201
Phone: 1-800-952-1457

9/18/18

CERTIFICATE OF COMPLIANCE

Smartsign hereby certifies that all materials supplied against purchase order PO: RTS-143551, shipped on
9/17/18 conforms to the material and/ or manufacturing specifications as called on this said purchase order without
expectations.

Item #
X-R5-1

Description: Do not Enter, [Engineer Grade Reflective Aluminum Sign, 80 mil

Sincerely,

-

ahyna Colon
Call Center Manager
tahyna@smartsign.com
800-952-1457 x 7140

Figure C-6. 36-in. x 36-in. x 0.08-in. Sign with Reflective Sheeting, Test No. UCSS-1
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HOLO-KROME®

61 Barnes Industrial Park North
Wallingford, Connecticut 06492
(203) 284-7023
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S Ty

LT\

(AccrepiTED)
HOLO-KROME
g 1046 08

Qopato0

CERTlF IED MATERIAL TEST REPORT : EN 10204 3.1

Certified Number 486338 Date Issued September 19, 2018
Customer Fastenal, Manufacturing date August 25, 2017
4730 Service Drive SHOP Part Number 11540782
Winona, MN 57987 Purchase Order 350020074
Holo Code N/A
Manufacturer Holo-Krome Grade 9
61 Barnes Industrial Park North Material 8640
Wallingford, CT 06492 Finish ECOGUARD®
Order Quantity 5,000 Pcs
Customer Part Number 11540782 Production Lot Size 5,000 Pcs
Description 5/16"-18 x 1-3/4" Holo-Krome® Hex Cap Screw
Thread Designation UNRC-2A Marking H-K ; G9 ; *9 radial lines’
CHEMISTRY - Heat Number: 10449870
Heat Composition (WT% Heat Analysis)
Element: C P S Cr Mn Mo Ni Si
Result: 0.39 0.010 0.010 0.42 0.84 0.22 0.42 021

MACROETCH (if required): N/A

SURFACE QUALITY: In accordance with ASTM F788/F788M-13 PASS
COATING: ECOGUARD® PASS
Heat Treat Method: Quenched and Tempered
Mechanical Propertics: In accordance with ASTM A574-17
Attribute Test Method S‘;Zk Requirement Result Acceptance

Core Hardness ASTM F606/F606M-16 4 38—-42HRC 41-42HRC PASS
Proof Load ASTM F606/F606M-16 3 Min : 140,650 PSI PASS PASS
6° Wedge Tensile ASTM F606/F606M-16 3 Min : 180,000 PSI 189,126 — 190025 PSI PASS
Decarburization /Catburization ASTMF2328-17 3 NO COLOR PASS PASS

Page 1 of 2 January 6, 2016

This document was printed on 9/19/2018 and was current at that time. Please check current revisions to avoid using obsolete copies.

Figure C-7. 5/16-in.-18 UNC, 1%-in. Long Hex Bolt, Page 1, Test No. UCSS-1
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ST,
I \E
‘wm
HOLO-KROME® (Rccaesiten)
G
SoRate
61 Barnes Industrial Park North
Wallingford, Connecticut 06492
(203) 284-7023
DIMENSIONAL INSPECTION: Per H-K Dimension Inspection Drawing Plan : S12150-3 REV B
SAMPLING PLAN : Pcr ASME B18.18-17
Characteristics DIMENSION DATA UNIT SAMPLE RESULT ACCEPTANCE
) MIN MAX SIZE MIN MAX

Width Across Flat 0.489 0.499 INCH 3 0.492 0.493 PASS
Width Across Corner 0.557 - INCH 3 0.562 0.565 PASS
Hcad Height 0.227 0.241 INCH 7 0.228 0.234 PASS
Washer Diameter 0.450 0.499 INCH 3 0472 0.474 PASS
Washer Height 0.015 0.025 INCH g/ 0.019 0.020 PASS
Body Length 0.600 - INCH 7 0.738 0.739 PASS
Grip Length - 0.875 INCH 7 0.850 0.852 PASS
Total Length 1.710 1.750 INCH 7 1.726 1.730 PASS
Major Diameter 0.3026 0.3113 INCH 7 0.3070 0.3084 PASS
Thread 5/16"-18 UNRC-2A INCH 7 PASS PASS PASS

Compliancy Statement:

All products as indicated in the test report above, conforms to the above requirement.

All manufacturing Operations & Processes performed in the United States of America.

Products mects RoHs & DFARS requircment, Mcrcury was not used during the manufacture of this product.

Comments:

A

¥

Muhammad Lugman Azmi
Quality Assurance Dept.

THIS TEST REPORT SHALL NOT BE REPRODUCED EXCEPT IN FULL, WITHOUT THE WRITTEN APPROVAL OF THE HOLO-KROME COMPANY
LABORATORY. WE CERTIFY THIS DATA IS A TRUE REPRESENTATION OF THE INFORMATION PROVIDED BY THE
MANUFACTURER/CUSTOMER AND OUR LABORATORY. THIS TEST REPORT APPLIES ONLY TO THE SAMPLES TESTED AND LISTED ON THIS
REPORT. ANY DEVIATIONS OR DISCREPANCIES THAT ARE DETECTED, OR ANY DEPARTURES FROM DOCUMENTED POLICIES OR
PROCEDURES WILL BE NOTED IN THE COMMENT SECTION.

Page 2 of 2 January 6, 2016
This document was printed on 9/19/2018 and was current at that time. Please check current revisions to avoid using obsolete copies.

Figure C-8. %/16-in.-18 UNC, 1%-in Long Hex Bolt, Page 2, Test No. UCSS-1
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LOAD

=\ CHARTER
CHARTER STEEL

A Division of
Charter Manufacturing Company, Inc.

STEEL

Melted in USA Manufactured in USA

December 17, 2020
MwRSF Report No. TRP-03-440-20

1658 Cold Springs Road
Saukville, Wisconsin 53080
(262) 268-2400
1-800-437-8789

Fax (262) 268-2570

CHARTER STEEL TEST REPORT

Cust P.O. 350020074

Customer Part # 0970917

Charter Sales Order 30118213

Heat # 10449870

Ship Lot # 4428326

Grade 8640 H SK FG RHQ 21/64

Fastenal / Holo-Krome Process HRSA

61 Barnes Industrial Park North Finish Size 21/64
Wallingford,CT-06492 Ship date

| hereby certify that the material described herein has been manufactured in accordance with the specifications and standards listed below and that it satisfies
these requirements. The recording of false, fictitious and fraudulent statements or entries on this document may be punishable as a felony under federal statute.

Test results of Heat Lot # 10449870
Lab Code: 7388

CHEM c MN P S Si NI CR [¢] cu SN v
%Wt .39 .84 .010 .010 .210 .42 42 22 A7 .008 .003
AL N B Tl NB
022 .0060 .0001 .001 .001
JOMINY(HRC)
J1 J2 J3 Ja J5 Jé J7 J8 J9 J10 J12
56 56 56 53 51 48 46 44 42 M 37
J14 J16 J18 J20 J24 J28 J32
35 33 32 31 29 27 26
JOMINY SAMPLE TYPE ENGLISH=C
Test results of Rolling Lot # 1191542
69)
REDUCTION RATIO=358:1 G
Test results of Processing Lot #4423108, 4428326 %
# of Tests Min Value Max Value Mean Value ‘C
TENSILE (KSI) 1.0 83.0 83.0 83.0 TENSILE LAB = 0358-02 {
REDUCTION OF AREA (%) 1 66 66 66 RA LAB = 0358-02 <O

NUM DECARB=1 FREE FERRITE DECARB (Inch)=.000

FREE FERR & PARTIAL DECARB (Inch)=.002

Specifications: Manufactured per Charter Steel Quality Manual Rev Date 12/12/13

Charter Steel certifies this product is indistinguishable from background radiation levels by having process radiation

detectors in place to measure for the presence of radiation within our process & products.
Meets customer specifications with any applicable Charter Steel exceptions for the following customer documents:

Customer Document = QWI#23 - DETAIL 81 Revision = New

Additional Comments:

Dated = 19-OCT-15

Melt Source:
Charter Steel
Saukville, WI, USA

ACCREDITED)
Testing Laboratory

Pana 1 nf92

Rem: Load1,Fax0,Mail0

This MTR supersedes all previously dated MTRs for this order

Janice Barnard
Manager of Quality Assurance

Printed Date : 09/27/2016

Figure C-9. %/16-in.-18 UNC, 1%-in. Long Hex Bolt, Page 1, Test No. UCSS-1
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December 17, 2020
MwRSF Report No. TRP-03-440-20

The following statements are applicable to the material described on the front of this Test Report:

1. Except as noted, the steel supplied for this order was melted, rolled, and processed in the United States meeting DFARS
compliance, LEEDS compliance, REACH compliance, ROHS-WEEE compliance, and Conflict Materials Restrictions.

2. Mercury was not used during the manufacture of this product, nor was the steel contaminated with mercury during
processing.

3. Unless directed by the customer, there are no welds in any of the coils produced for this order.

4. The laboratory that generated the analytical or test results can be identified by the following key:

Certificate [Lab
Number |Code |Laboratory Address
0358-01 (7388 |CSSM [Charter Steel Melting Division 1658 Cold Springs Road, Saukville, WI 53080
0358-02 (8171 CSSR/ |Charter Steel Rolling/ Processing Division [1658 Cold Springs Road, Saukville, Wl 53080
CSSP
0358-03 (123633 |CSFP (Charter Steel Ohio Processing Division (6255 US Highway 23, Rising Sun, OH 43457
0358-04 (125544 |CSCM/ Charter Steel Cleveland 4300 E. 49th St., Cuyahoga Heights, OH 44125-1004
CSCR
i i - Subcontracted test performed by laboratory not in Charter Steel System

5. When run by a Charter Steel laboratory, the following tests were performed according to the latest revisions of the
specifications listed below, as noted in the Charter Steel Laboratory Quality Manual:

Test Specifications cSSM %SS?;/ CSFP %Z%ng
Chemistry Analysis ASTM E415; ASTM E1019 X X
Macroetch ASTM E381 X X
Hardenability (Jominy) ASTM A255; SAE J406; JIS G0561 X X
Grain Size ASTM E112 X X X X
Tensile Test ASTM E8; ASTM A370 X X X
Rockwelll Hardness ASTM E18; ASTM A370 X X X X
Microstructure (spheroidization) ASTM A892 X X

Inclusion Content (Methods A, E)  |[ASTM E45 X X
Decarburization ASTM E1077 X X X

Charter Steel has been accredited to perform all of the above tests by the American Association for Laboratory Accreditation
(A2LA). These accreditations expire 03/31/17. All other test results associated with a Charter Steel laboratory that appear on
the front of this report, if any, were performed according to documented procedures developed by Charter Steel and are not
accredited by A2LA.
. The test results on the front of this report are the true values measured on the samples taken from the production lot. They
do not apply to any other sample.
7. This test report cannot be reproduced or distributed except in full without the written permission of Charter Steel. The primary
customer whose name and address appear on the front of this form may reproduce this test report subject to the following
restrictions:
* |t may be distributed only to their customers
e Both sides of all pages must be reproduced in full
This certification is given subject to the terms and conditions of sale provided in Charter Steel's acknowledgement
(designated by our Sales Order number) to the customer's purchase order. Both order numbers appear on the front page of

this Report.
9. Where the customer has provided a specification, the results on the front of this test report conform to that specification

unless otherwise noted on this test report.

(o))

(2

ACCREDITED
Testing Laboratory

Pana 2 Af 2

Figure C-10. %/16-in.-18 UNC, 134-in. Long Hex Bolt, Page 2, Test No. UCSS-1
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December 17, 2020
MwRSF Report No. TRP-03-440-20

CERTIFICATE OF MATERIAL AND PROCESSING REQUIREMENTS COMPLIANCE

We certify that this shipment consisting of the purchase order numbers,
part numbers and ship to location listed below were coated to our agreed upon coating processing requirements and the
material manufacture's requirements.

Direct Ship Reference Nbr:

Allegheny Coatings
PLID
224 River Road Ridgway, PA 15853 USA 14696
SHIP DATE 01-Sep-2017
Ph: (814) 772-3850 Fax (814) 772-2336 SRS . P Il
Contact: Christina McClelland Third Party Collect
SHIP VIA XPO
CAR TRAILER NBR:
BILL TO: MNWINONA-B2171 OurSupplier ID SHIP TO CTWALLING-S3871 OurSupplier |
FASTENAL COMPANY FASTENAL COMPANY, HOLO-KROME COMPANY
PO BOX 1225 61 BARNES INDUSTRIAL PARK NORTH
WINONA MN 55987 WALLINGFORD,CT 06492
USA Supplier Code USA Supplier Code
Attn: Ph (507) 453-8921 Attn: Ph: (203) 284-7028
CustomerPartNbr CustomerPO WO#-REL# OurJoblD  ShipToPartNbr Lot Nbr ShipCode
Eng.DrawingNbr  Specification Name SaltSprayTest Salt Hrs Net Wgt Pieces
10309013 350024475 350024475 29404 781686-1
NA ASTM B-117 1000 258 4724
DIPSPIN/AKC+GB/2-GEOMET321+1-PLUSL/;
11540782 350024542 350024542 29466 486338
ECOGUARD ASTM B-117 1000 247 5335
DIPSPIN/AKC+GB/2-GEOMET321+1-PLUSL/THICKNESS READING
Coating meets the adhesion requirements of ASTM F1136
11540785 350024544 350024544 29464 486340
ECOGUARD ASTM B-117 1000 828 11427
DIPSPIN/AKC+GB/2-GEOMET321+1-PLUSL/THICKNESS READING
Coating meets the adhesion requirements of ASTM F1136
GEOA760004880 350024481 350024481 29381 485886
NA ASTM B-117 0 565 462

DIPSPIN/AKC+GB/2-GEOMET500/HANDLOAD/UNLOAD

Page 1 of 1

Figure C-11. %/16-in.-18 UNC, 134-in. Long Hex Bolt, Test No. UCSS-1
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December 17, 2020
MwRSF Report No. TRP-03-440-20

Allegheny Coatings

ALLEGHENY' 224 River Road
COATINGS ) Ridgway, PA 15853

Thickness Reading Report

Customer: FASTENAL Report Date: 8/31/2017
PO: 350024542 Part #: 11870782
Job ID: 29466 Lot #: 486338
Coating Specification: ecoguard Packing List #: 14696

Process: 2-GEOMET321+1-PLUSL
Evaluation Method: Magnetic eddy current (Permascope)

Sample pm
10.1
10.8
9.6
9.6
10.1
10.2
9.5
9.5
10.7
10.1
Average: 10.02

(=1

VI IN[O|V|A|WIN

=
o

Christina McClelland
Quality Manager

Allegheny Coatings
224 River Road
Ridgway, PA 15853

814-772-3850
christina@alleghenycoatings.com

Figure C-12. %/16-in.-18 UNC, 1%-in. Long Hex Bolt, Test No. UCSS-1
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December 17, 2020
MwRSF Report No. TRP-03-440-20

Sep. 18. 2018 3:52PM  Fastenal-NELIN No. 5628 P 2

®

Certificate of Compliance

Sold To: Purchase Order: U-Channel YR28
UNL TRANSPORTATION Job: U-Channel YR28
Invoice Date: 09/18/2018

THIS 1S TO CERTIFY THAT WE HAVE SUPPLIED YOU WITH THE FOLLOWING PARTS.
THESE PARTS WERE PURCHASED TOQ THE FOLLOWING SPECIFICATIONS.

100 PCS 5/16" Zinc Finish Medium Split Lock Washer SUPPLIED UNDER QUR TRACE NUMBER 210150709 AND UNDER PART
NUMBER 1133620

100 PCS 5/16" x 0.875" OD Low Carbon Zinc Finish Steel USS General Purpose Flat Washer SUPPLIED UNDER QOUR TRACE
NUMBER 210149350 AND UNDER PART NUMBER 1133006

16 PCS 5/16"-18 x 1-3/4" Grade 9 Holo-Krome[REG] ECOGUARD[REG] Finish Hex Cap Screw SUPPLIED UNDER OUR TRACE
NUMBER 486338 AND UNDER PART NUMBER 11540782

24 PCS 5/16"-18 x 2-3/4" Grade 9 Holo-Krome[REG] ECOGUARD[REG] Finish Hex Cap Screw SUPPLIED UNDER OUR TRACE
NUMBER 464179 AND UNDER PART NUMBER 11540737

40 PCS 5/16"-18 FNL[REG] ECOGUARD[REG] Finish High Hex Nut for Grade 9 Applications SUPFLIED UNDER OUR TRACE
NUMBER 110233073 AND UNDER PART NUMBER 1]541092

This is to certify that the above document is true Please check current revision to avoid using obsolete copies.
and accurate to the best of my knowledge.
9/7172 This document was printed on 09/ 18/2018 and was current at that
s ] 7 - time.
_ G P
Fastenal Account Reé‘esantative Signature Fastenal Store Location/Address
\ My
320! N. 23rd Street STE 1
\P Gan (G LINCOLN, NE 68521
Printed Name J Phone #: (402)476-7900
/ / Fax #: 402/476-7958
Date Page 1 of 1

Figure C-13. %/16-in.-18 UNC, 134-in. Long Hex Bolt, Test No. UCSS-1
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HOLO-KROME®

61 Barnes Industrial Park North
Wallingford, Connecticut 06492
(203) 284-7023

December 17, 2020
MwRSF Report No. TRP-03-440-20

S Ty

LT\

(AccrepiTED)
HOLO-KROME
g 1046 08

Qopato0

CERTlF IED MATERIAL TEST REPORT : EN 10204 3.1
Certified Number 469737 Date Issued September 26, 2018
Customer Fastenal, Manufacturing date October 10. 2014
4730 Service Drive SHOP Part Number 11540736
Winona, MN 57987 Purchase Order 350007110
Holo Code N/A
Manufacturer Holo-Krome Grade 9
61 Barnes Industrial Park North Material 8640
Wallingford, CT 06492 Finish ECOGUARD®
Order Quantity 11,500 Pcs
Customer Part Number 11540736 Production Lot Size 11,500 Pcs
Description 5/16"-18 x 2-1/4" Holo-Krome® Hex Cap Screw
Thread Designation UNRC-2A Marking H-K ; G9 ; *9 radial lines’
CHEMISTRY - Heat Number: 10242060
Heat Composition (WT% Heat Analysis)
Element: C P S Cr Mn Mo Ni Si
Result: 0.38 0.010 0.007 0.42 0.86 0.21 0.46 0.22
MACROETCH (if required): N/A
SURFACE QUALITY: In accordance with ASTM F788/F788M-13 PASS
COATING: ECOGUARD® PASS
Heat Treat Method: Quenched and Tempered
Mechanical Propertics: In accordance with ASTM A574-17
. Sample .
Attribute Test Method Size Requirement Result Acceptance
Core Hardness ASTM F606/F606M-16 4 38—-42HRC 42HRC PASS
Proof Load ASTM F606/F606M-16 3 Min : 140,650 PSI PASS PASS
6° Wedge Tensile ASTM F606/F606M-16 3 Min : 180,000 PSI 197,932 -199.998 PSI PASS
Decarburization /Carburization ASTM F2328-17 3 NO COLOR PASS PASS

Page 1 of 2

January 6, 2016

This document was printed on 9/26/2018 and was current at that time. Please check current revisions to avoid using obsolete copies.

94

Figure C-14. %/16-in.-18 UNC, 2%-in. Long Hex Bolt, Page 1, Test No. UCSS-1




December 17, 2020
MwRSF Report No. TRP-03-440-20

ST,
I \E
‘wm
HOLO-KROME® (Rccaesiten)
G
SoRate
61 Barnes Industrial Park North
Wallingford, Connecticut 06492
(203) 284-7023
DIMENSIONAL INSPECTION: Per H-K Dimension Inspection Drawing Plan : S12150-3 REV B
SAMPLING PLAN : Pcr ASME B18.18-17
Characteristics DIMENSION DATA UNIT SAMPLE RESULT ACCEPTANCE
) MIN MAX SIZE MIN MAX

Width Across Flat 0.489 0.500 INCH 3 0.493 0.494 PASS
Width Across Corner 0.557 - INCH 3 0.563 0.564 PASS
Hcad Height 0.227 0.242 INCH 6 0.234 0.235 PASS
Washer Diameter 0.450 0.500 INCH 3 0475 0.477 PASS
Washer Height 0.015 0.025 INCH 6 0.018 0.019 PASS
Body Length 1.100 - INCH 6 1.228 1.230 PASS
Grip Length - 1.375 INCH 6 1.320 1.350 PASS
Total Length 2210 2250 INCH 6 2225 2.228 PASS
Major Diameter 0.3026 0.3113 INCH 6 0.305 0.307 PASS
Thread 5/16"-18 UNRC-2A INCH 6 PASS PASS PASS

Compliancy Statement:

All products as indicated in the test report above, conforms to the above requirement.

All manufacturing Operations & Processes performed in the United States of America.

Products mects RoHs & DFARS requircment, Mcrcury was not used during the manufacture of this product.

Comments:

N
!

Muhammad Lugman Azmi
Quality Assurance Dept.

THIS TEST REPORT SHALL NOT BE REPRODUCED EXCEPT IN FULL, WITHOUT THE WRITTEN APPROVAL OF THE HOLO-KROME COMPANY
LABORATORY. WE CERTIFY THIS DATA IS A TRUE REPRESENTATION OF THE INFORMATION PROVIDED BY THE
MANUFACTURER/CUSTOMER AND OUR LABORATORY. THIS TEST REPORT APPLIES ONLY TO THE SAMPLES TESTED AND LISTED ON THIS
REPORT. ANY DEVIATIONS OR DISCREPANCIES THAT ARE DETECTED, OR ANY DEPARTURES FROM DOCUMENTED POLICIES OR
PROCEDURES WILL BE NOTED IN THE COMMENT SECTION.

Page 2 of 2 January 6, 2016
This document was printed on 9/26/2018 and was current at that time. Please check current revisions to avoid using obsolete copies.

Figure C-15. %/16-in.-18 UNC, 2%-in. Long Hex Bolt, Page 2, Test No. UCSS-1
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December 17, 2020
MwRSF Report No. TRP-03-440-20

LOAD
1658 Cold Springs Road
vi':’CIHARTER‘f SC.'l.._é./%RTER Saukville, Wisconsin 53080
0\ STEEL L CHARTER STEEL TEST REPORT (262) 268-2400

Reverse Has Text And Codes
1-800-437-8789

A Division of

Charter Manufacturing Company, Inc. FAX (262) 268-2570
Cust P.O. 350007110
Customer Part # 0970917
Fastenal-West Hartford Charter Sales Order 30054252
61 Barnes Industrial Park North Heat # 10242060
Wallingford,CT-06492 Ship Lot # 4199470
Kind Attn :Mark Leone Grade 8640 R SK FG RHQ 3/8
Process SA +SAFS
Finish Size 0.3265

| hereby certify that the material described herein has been manufactured in accordance with the specifications and standards
listed below and on the reverse side,and that it satisfies these requirements.
Test Results of Heat Lot# 10242060

Lab Code: 7388

CHEM C MN P S Si NI CR MO Ccu SN v

%Wt .38 .86 .010 .007 .220 .46 42 .21 17 .009 .003
AL N B T NB

.026 .0070 .0001 .001 .002

JOMINY(HRC) JOMO1 JOMO2 JOMO3 JOMO4 JOMO5 JOMO6 JOMO7 JOMO8 JOMO9 JOM10 JOM12
55 55 55 53 50 47 45 43 41 40 37

JOM14 JOM16 JOM18 JOM20 JOM24 JOM28 JOM32
35 33 32 30 28 27 26

49¢¢€- ¢

JOMINY SAMPLE TYPE ENGLISH = C
CHEM. DEVIATION EXT.-GREEN =

Test Results of Rolling Lot# 1090751
REDUCTION RATIO = 274:1

Test Results of Processing Lot# 4195387,4199470

# of Tests Min Value Max Value Mean Value

TENSILE 1.0 72.2 72.2 72.2 TENSILE LAB = 0358-02
REDUCTION OF AREA 1 78 78 78 RA LAB = 0358-02
ROCKWELL B 1 77 77 77 RB LAB = 0358-02
NUM DECARB = 1  FREE FERRITE DECARB = .000 FREE FERR & PARTIAL DECARB = .002
Specifications: Manufactured per Charter Steel Quality Manual Rev 9,08-01-09

Meets customer specifications with any applicable Charter Steel pti for the followi di

Customer Document = QWI#23 - DETAIL 55 Revision = New Dated = 02-MAR-12

Additional Comments:

Charter Steel This MTR supersedes all previously
Saukville, WI, USA dated MTRs for this order

éJanice Barnard

Manager of Quality Assurance
[AcCREDPEED] of 1 04/02/2013
Testing Laboratory

Rem: Load1,Fax0,MailO0

Figure C-16. °/16-in.-18 UNC, 2%-in. Long Hex Bolt, Page 1, Test No. UCSS-1
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December 17, 2020
MwRSF Report No. TRP-03-440-20

The following statements are applicable to the material described on the front of this Tesl Report: :
1. Except as noted, the steel supplied for this order was melted, rolled, and processed in the United States i

meeting DFAR's compliance.
2. Mercury was not used during the manufacture of this product, nor was the steel contaminated with mercury

during processing.
3. Unless directed by the customer, there are no welds in any of the coils produced for this order.
4. The laboratory that generaled the analytical or.test results can be identified by the following key:

Certificate
Number | Lab Code Laboratory Address
Charter Steel :
0358-01 7388 CSsSM Melting Division 1653 Cold Springs Road, Saukville, Wl 53080

CSSR/ | Charter Steel Rolling/ : :
0358-02 8171 CSSp Processing Division 1658 Cold Springs Road, Saukville, W| 53080

Charter Steel Ohio 6255 US Highway 23, Risingsun, OH 43457
0358-03 123633 CSFP B Dt ghway g

cscm/ 4300 E. 49th St., Cuyahoga Heights, OH
0358-04 125544 cscr | Charter Steel Cleveland 44125-1004

& o -- Subcontracted test performed by laboratory not in Charter Steel system

5. When run by a Charter Steel laboratory, the following tests were performed according to the latest
revisions of the specifications listed below, as noted in the Charter Steel Laboratory Quality Manual:

Test Specification CSSM | CSSR/CSSP | CSFP | CSCM/CSCR

Chemistry Analysis ASTM E415; ASTM E1019 X X
Macroetch ASTM E381 X X
Hardenability (Jominy) 232: i X X
Grain Size ASTM E112 X X X X
Tensile Test ASTM E8; ASTM A370 X X X
Rockwell Hardness ASTM E18; ASTM A370 X X X X
Microstructure (spheroidization) | ASTM A892 X X

lEr;cIusion Content (Methods A, ASTM E45 X X
Decarburization ASTM E1077 X X X

Charter Steel has been accredited to perform all of the above tests by the American Association for
Laboratory Accreditation (A2LA). These accreditations expire 01/31/13.
All other test results associated with a Charter Steel laboratory that appear on the front of this report, if any,
were performed according to documented procedures developed by Charter Steel and are not accredited
by A2LA.
6. The test results on the front of this report are the true values measured on the samples taken from the
production lot. They do not apply to any other sample.

7. This test report cannot be reproduced or distributed except in full without the written permission of Charter
Steel. The primary customer whose name and address appear on the front of this form may reproduce this
test report subject to the following restrictions:

"It may be distributed only to their customers

"Both sides of all pages must be reproduced in full
8. This certification is given subject to the terms and conditions of sale provided in Charter Steel's

acknowledgement (designated by our Sales Order number) to the customer's purchase order. Both
order numbers appear on the front page of this Report.

9. Where the customer has provided a specifiction, the resuits on the front of this test report conform to
that specification unless otherwise noted on this test report,

ACCREDITED

Toutiag Labeantary

Figure C-17. %/16-in.-18 UNC, 2%-in. Long Hex Bolt, Page 2, Test No. UCSS-1
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December 17, 2020
MwRSF Report No. TRP-03-440-20

~we-COATINGS

PeE*N*NeSeYeL+VsAsNeI-A

Test Report For Fastenal

Date: 10/20/14
PART# 11540736

PO: 350013919 LOT # 469737
Job ID: 41732
THICKNESS: ASTM B-499

Test: Average Coating Thickness
Meaurements done in microns

Specification:

Average Microns T
11.9

|3

11.4
11.6

1
—a‘om\:mmawmf’?
o )

|~
|

Average thickness= | 9.86 =)
6-12 microns minimum per Control Plan

Donna Tripodi

QA Manager
Allegheny Coatings
Ridgway, PA

Figure C-18. °/16-in.-18 UNC, 2%-in. Long Hex Bolt, Page 1, Test No. UCSS-1
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December 17, 2020
MwRSF Report No. TRP-03-440-20

CERTIFICATE OF MATERIAL AND PROCESSING REQUIREMENTS COMPLIANCE

We certify that this shipment consisting of the purchase order numbers,
part numbers and ship to location listed below were coated to our agreed upon coating processing requirements and the
material manufacture's requirements.

Direct Ship Reference Nbr:

Allegheny Coatings
224 River Road Ridgway, PA 15853 USA 69674
21-Oct-2014
Ph: (814) 772-3850 Fax (814) 772-2336 SHiE _
ety HIP TERMS. | Third Party Collect
Contact: Chris Carson
SHIP VIA ATS FREEWAY
CAR TRAILER NBR:
BILL TO: MNWINONA-B2171 OurSupplier ID SHIP TO CTWALLING-S3871 OurSupplier |
FASTENAL COMPANY FASTENAL COMPANY, HOLO-KROME COMPANY
PO BOX 1225 61 BARNES INDUSTRIAL PARK NORTH
WINONA MN 55987 WALLINGFORD,CT 06492
USA Supplier Code USA Supplier Code
Attn: Ph (507) 453-8921 Attn: Ph: (203) 284-7028
| CustomerPartNbr [CustomerPO | WO#REL# | OurJobID || ShipToPartNbr | Lot Nbr | ShipCode |
| Eng.DrawingNbr [ Specification Name | SaltSprayTest |[Salt Hrs| [Net Wgt [Pieces
V1540732 350013897 350013897 41669 489611 S
ECO GUARD ASTMB-117 1000 571
DIPSPIN/AKC+GB/2-GEOMET321+1-PLUSL/THICKNESS READING
Coating meets the adhesion requiremenis of ASTM F1136
v/ 11540736 350013919 350013919 41732 469737
ECOGUARD ASTM B-117 1000 847 0
DIPSPIN/AKC+GB/2-GEOMET321+1-PLUSL/THICKNESS READING
Coaling meets the adhesion requirements of ASTM F1136
/!‘1 1540774 350013896 350013896 41666 469612
ECO GUARD ASTM B-117 1000 604 0f
‘DIPSPIN/AKC+GB/2-GEOMET321 +1-PLUSL/THICKNESS READING !
jcgan‘ng meets the adhesion requirements of ASTM F1136 !
|
f1 1540783 350013908 350013908 41674 469722
'i (‘ ECOGUARD ASTM B-117 1000 638 0
;DIPSPIN/AKC+GB/2-GE¢MET321+1-PLUSL/THICKNESS READING
| /
’ /
icoaﬁng meets the adhesion requirements of ASTM F1136
/ A

10
VSEgnaturf: / N l . LW\/ Page 1 of 7

Figure C-19. %/16-in.-18 UNC, 2%-in. Long Hex Bolt, Page 2, Test No. UCSS-1
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MwRSF Report No. TRP-03-440-20

ISO 9001 Certified
Certificate Number: US11/82236

HOLO-KROME"

61 Bamnes Industrial Park North
Wallingford. CT 06492
(203)-284-7023

CERTIFICATE OF CONFORMANCE |

July 8, 2015

This certifies the Grade 9 Hex Head Bolt samples submitted were randomly selected
from the lot identified and tested to the specifications listed. The samples were found to
conform to the specifications listed below. The original test data is on file at Holo-Krome.

Quantity: 10,000

Fastenal Part Number: 11540737

H-K Part Number: 11540737

Description: 5/16"-18 X 2-3/4" HCS G9 ECO

Lot No.: 464179

Mill Heat: 10229550

H-K Lab Number: 3-2359

SPECIFICATIONS

Dimensional per ASME 18.2.1

Hardness per ASTM E18: 40 / 40 [/ 40 Re
Proof Load (Length) per ASTM A574-2012:

Tensile per ASTM F606 / USA.HCS.GR9.ECO: 185.802 / 187913 / 188,093 PSI
Decarburization (Microscopic) per ASTM F2328-2005: PASS

Surface Discontinuities per ASTM F788-12:
Product was heat treated in accordance to ASTM A574.

Heat treat was performed at the Holo-Krome facility.

Product meets DFARS requirements.

Material was melted and processed in the United States of America.
Product meets ROHS requirements.

Mercury was not used during the manufacture of this product.

Raw Material Certificate is Attached.

COMMENTS

Angel Perez Morales

gl Perez Morales
Quality Assurance Technician

This report shall not be reproduced except in full without the written approval of the Holo-Krome Quality Laboratory.

MADE IN THE USA

Figure C-20. %/16-in.-18 UNC, 2%-in. Long Hex Bolt, Test No. UCSS-1
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December 17, 2020
MwRSF Report No. TRP-03-440-20

LOAD

CHARTE R 1658 Cold Springs Road

CHARTEﬁ STE EL Saukville, Wisconsin 53080
CHARTER STEEL TEST REPORT (262) 268-2400

g STEEI.v
Reverse Has Text And Codes

A Division of 1-800-437-8789

Charter Manufacturing Company, Inc. FAX (262) 268-2570
Cust P.O. 350006957
Customer Part # 0970917
Fastenal-West Hartford Charter Sales Order 30053773
61 Barnes Industrial Park North Heat # 10229550
Wallingford,CT-06492 Shlp Lot # 4182846
Kind Attn :Mark Leone Grade 8640 R SK FG RHQ 3/8
Process SA +SAFS
Finish Size 0.3265

| hereby certify that the material described herein has been manufactured in accordance with the specifications and standards
listed below and on the reverse side,and that it satisfies these requirements.

Test Results of Heat Lot# 10229550
Lab Code: 7388
CHEM

MN P S SI NI CR MO Ccu SN v
%Wt .39 .85 .010 .007 .230 .44 .43 .22 13 .009 .003
AL N B TI NB

.025 .0060 .0001 .002 .002

JOMINY(HRC) JOMO1 JOMO2 JOMO3 JOMO4 JOMO5 JOMO6 JOMO7 JOMO8 JOMO9 JOM10 JOM12
56 56 56 53 52 48 46 44 43 41 38

JOM14 JOM16 JOM18 JOM20 JOM24 JOM28 JOM32
36 34 33 32 30 28 27

JOMINY SAMPLE TYPE ENGLISH = C
CHEM. DEVIATION EXT.-GREEN =

Test Results of Rolling Lot# 1084924
REDUCTION RATIO = 274:1

Test Results of Processing Lot# 4182487,4182846

# of Tests Min Value Max Value Mean Value
TENSILE 1.0 72.6 72.6 72.6 TENSILE LAB = 0358-02
REDUCTION OF AREA 1 76 76 76 RA LAB = 0358-02
ROCKWELL B 1 76 76 76 RB LAB = 0358-02

NUM DECARB = 1  FREE FERRITE DECARB = .000  FREE FERR & PARTIAL DECARB = .002

Specifications: Manufactured per Charter Steel Quality Manual Rev 9,08-01-09
Meets pecifications with any applicable Charter Steel exceptions for the following customer documents:
Customer Document = QWI#23 - DETAIL 55 Revision = New ated = 02-MAR-12

Additional Comments:

Charter Steel This MTR supersedes all previously
Saukville, WI, USA dated MTRs for this order

éJanice Barnard

ACCREDIN — Manager 8:/%;728/1 éssurance
Testing Laboratory

Rem: Load1,Fax0,MailO

Figure C-21. %/16-in.-18 UNC, 23%-in. Long Hex Bolt, Page 1, Test No. UCSS-1
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December 17, 2020
MwRSF Report No. TRP-03-440-20

The following statements are applicable to the material described on the front of this Tesl Report; ;
1. Except as noted, the steel supplied for this order was melted, rolled, and processed in the United States i

meeting DFAR's compliance.
2. Mercury was not used during the manufacture of this product, nor was the steel contaminated with mercury

during processing.
3. Unless directed by the customer, there are no welds in any of the coils produced for this order.
4. The laboratory that generaled the analytical or test results can be identified by the following key:

Certificate
Number | Lab Code Laboratory Address
Charter Steel ]
0358-01 7388 CSSM Mekting Division 1653 Cold Springs Road, Saukville, WI 53080

CSSR/ | Charter Steel Rolling/ : :
0358-02 8171 CcSSp Processing Division 1658 Cold Springs Road, Saukville, WI 53080

Charter Steel Ohio 6255 US Highway 23, Risingsun, OH 43457
0358-03 | 123633 CSFPI Bracessif Pl ghway 9

CSCM 4300 E. 49th St,, Cuyahoga Heights, OH
0358-04 125544 cscr | Charter Steel Cleveland 44125-1004 »

¢ * == Subcontracted test performed by laboratory not in Charter Steel system

5. When run by a Charter Steel laboratory, the following tests were performed according to the latest
revisions of the specifications listed below, as noted in the Charter Steel Laboratory Quality Manual:

Test Specification CSSM | CSSR/CSSP | CSFP | CSCM/CSCR
Chemistry Analysis ASTM E415; ASTM E1019 X X
Macroetch ASTM E381 X X
ASTMA255; SAE J406; JIS

Hardenability (Jominy) G061 X X
Grain Size ASTM E112 X X X X
Tensile Test ASTM E8; ASTM A370 X X X
Rockwell Hardness ASTM E18; ASTM A370 X X X X
Microstructure (spheroidization) | ASTM A892 X X

:En]clusion Content (Methods A, ASTM E45 X X
Decarburization ASTM E1077 X X X

Charter Steel has been accredited to perform all of the above tests by the American Association for

Laboratory Accreditation (A2LA). These accreditalions expire 01/31/13.

All other test results associated with a Charter Steel laboratory that appear on the front of this report, if any,

were performed according to documented procedures developed by Charter Steel and are not accredited

by A2LA.

6. The test results on the front of this report are the true values measured on the samples taken from the
production lot. They do not apply to any other sample.

7. This test report cannot be reproduced or distributed except in full without the written permission of Charter
Steel. The primary customer whose name and address appear on the front of this form may reproduce this
test report subject to the following restrictions:

"It may be distributed only to their customers

"Both sides of all pages must be reproduced in full
8. This certification is given subject to the terms and conditions of sale provided in Charter Steel's

acknowledgement (designated by our Sales Order number) to the customer's purchase order. Both

order numbers appear on the front page of this Report.
9. Where the customer has provided a specifiction, the resuits on the front of this test report conform to

that specification unless otherwise noted on this test report,

ACCREDITED

Toutiag Labesatary

Figure C-22. /16-in.-18 UNC, 23%-in. Long Hex Bolt, Page 2, Test No. UCSS-1
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®

Certificate of Compliance

Sold To: Purchase Order: U-Channel YR28
UNL TRANSPORTATION Job: U-Channel YR28
Invoice Date: 09/18/2018

THIS I8 TO CERTIFY THAT WE HAVE SUPPLIED YOU WITH THE FOLLOWING PARTS.
THESE PARTS WERE PURCHASED TQ THE FOLLOWING SPECIFICATIONS.

100 PCS 5/16" Zinc Finish Medium Split Lock Washer SUPPLIED UNDER OUR TRACE NUMBER 210150709 AND UNDER PART
NUMBER 1133620

100 PCS 5/16" x 0.875" OD Low Carbon Zinc Finish Steel USS General Purpose Flat Washer SUPPLIED UNDER QUR TRACE
NUMBER 210149350 AND UNDER PART NUMBER 1133006

16 PCS 5/16"-18 x 1-3/4" Grade 9 Holo-Krome[REG] ECOGUARD[REG] Finish Hex Cap Screw SUPPLIED UNDER QUR TRACE
NUMBER 486338 AND UNDER PART NUMBER 11540782

24 PCS 5/16"-18 x 2-3/4" Grade 9 Holo-Krome[REG] ECOGUARDI[REG] Finish Hex Cap Screw SUPPLIED UNDER QUR TRACE
NUMBER 464179 AND UNDER PART NUMBER 11540737

40 PCS 5/16"-18 FNL[REG] ECOGUARD[REG] Finish High Hex Nut for Grade 9 Applications SUPPLIED UNDER OUR TRACE
NUMBER 110233073 AND UNDER PART NUMBER 11541092

This is to certify that the above document is true Please check current revision to avoid using obsolete copies.
and accur,/ate to the best of my knowledge.

P i y A This document was printed on 09/1 MOIS and was current at that
'//9/ ] 0/1 (M/V\_'__, _ time.

Fastenal Account Rep’}esentative Signature Fastenal Store Location/Address
T
n 3201 N. 23rd Street STE 1
Xp GAn {\/lﬁ [ LINCOLN, NE 68521
Printed Name J Phone #: (402)476-7900
/ / Fax #: 402/476-7958
Date Page 1 of 1

Figure C-23. %/16-in.-18 UNC, 2%-in. Long Hex Bolt, Test No. UCSS-1
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MATERIAL CERTIFICATION

ELGIN FASTENER GROU';“‘

Fhé &35 O ANT

December 17, 2020

MwRSF Report No. TRP-03-440-20

Customer: :
FASTENAL COMPANY | Date:_11/13/2017
2001 THEURER BLVD. Customer P.O. Number: 110233073
WINONA MN Customer Part Number: 11541092
35987 | Invoice Number: 62068
) Lot Number: 0072385-129135-129136
Wﬂ&?ﬁx 5/16-18 FNL9 ORG Ship Quantity: 12000 Skip Date: 1/6/2017
Material: 1038 Heat Number: 10463770
Specification;
Pl o gl s N e | Mo | a1

0.008 0.010 0.200 0.040 0.080 0.010 0.033

C36.1

4 passed at 180,000 psi min

Geomet 321 + L - Pass
We hereby certify.that to our actual } ledge the i ined herein is correct. We also certify that all
parts substantially conform to SAE, ASTM, or customer specifications as agreed upon. The product has been
manufactured and tested in accordance with our Quality Assurance manual. The above data accurately represents
values pi by our suppliers or values in the EFG-BEREA laboratory. Statistical process
control data is on file. All manufacturing processes for these pasts occurred in the United States of America.
* Processed Mercury Free using material that is Free of Welds.
This de may only be rep d without al and only for the purpose of certifying the e .
quantity of the product specified here. o N

Joe Kilpatrick
Quality Technician

Figure C-24. 5/16-in.-18 UNC Heavy Hex Nut, Test No. UCSS-1
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4465 JOHNSTON DARKWAY
H"mm GLEVELAND, OHID 44128

IM DHONE. (218) B63-2785
llfll/k/ FAX. (218) 883-7782

ERIEVIEW METAL TREATING CO.
4465 JOHNSTON PARKWAY
CLEVELAND, OH 44128

page 1

CERTIFICATION

CUSTOMER: T@@033 DATE: 06/22/2017
TELEFAST IND. ‘
ap@elginfasteners,com
1415 S. BENHAM ROAD
VERSAILLES, 1IN 47042

We certify that this lot of material has been processed to your specification
and/or instructions. Records are maintained on file for your examination upon

request

ORDER NO: 129136 EMT NO: 478664-0001
PART NO: T@963/00 WEIGHT: 345
DESC: 5/16-18 THICK HEX NUT PIECES: 26360

LOT NO: 9072385 BINS 10438
CONTAINERS: 1 BIN

SPECIFICATION: Geomet 321 "XL"

CERTIFIED BY:
PACKING LIST - FILE COPY

Figure C-25. %/16-in.-18 UNC Heavy Hex Nut, Test No. UCSS-1
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USA HEAT TREATING INC. OrderDate: Order#:

1SO 9001 Registered Company
eis2017 | 127037

CERTIFICATION ===

Company Name Ship Name
EFG Berea Plant Telefast Industries ERIEVIEW

129135 ‘ C-10463770 10438

ProductName: T0963-H-P
ProductDescription:  NUT THICK HEX 5/16-18
Containers:

Quantity/Weight:

Material:

Certification/Pass Slip Req.

Test Results:

Specification RC 32/38
RC 36.1-35.0-35.3-36.9-36.1-36.9-35.9-36.4-35,5-36.6

The above order has been processed and inspected. All samples tested were within the above stated results.
Approved By: p Date: 6/13/2017

Quality Manager

Proudly processed in the United States of America

Figure C-26. %/16-in.-18 UNC Heavy Hex Nut, Test No. UCSS-1
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Johnstown 124 Laurel Ave, TEST REPORT
Johnsto P,
WI re wen,. B2 55000 WORK ORDER LOT NUMBER
. Phone: 814 5325756 620058 C-10463770
Technol 0gleés rax: 8145325684 SALES ORDER/RLS
096775/ 002
CERT ID/REV
00053716/ 01
SOLD TO
Elgin Fastener Group / Berea Plant
777 West Bagley Road ‘\\n\:l:lu/,’
Berea, OH 44017 S N 7,
s acwrs
AR T N O
CUSTOMER P.O. CUSTOMER PART QUANTITY COILS  LADING NO SHIPMENT DATE
109635 T10036 4,333 LBS 2 00143198 01/27/2017
SPECIFICATION BEREA-54881P
Elgin ASTM A 29/A 29M-05 1035 Mod Mn ,60/.90P,040 Max
$.050 Max Silicon Killed Fine Grain Cald Heading Quality Drawn From Annealed Rod PHOS & POLYMER COATED
Size: .881+STD -STD
CERTIFICATION REQUIREMENTS
Chemical
Cc Mn P s 8i Al Ni Cr Mo Cu N
38 .75 .008 .010 .200 .033 .04 .08 .01 .08 .0060
Sn
.007
Physical
Mechanical
IEST UNITS HIGH Low VERAGE
Tensile Str Lbs/Sqin_ 78000 78000 78000
Rod / Melt Source
Rod Source Melt Source Countxy of Origin Nafta
Chartexr Charter usa Yes
End of Certification
| certify that the resulls are a true and correct copy of the records prepared and maintalned by % -
JOHNSTOWN WIRE TECHNOLOGIES In compliance with the requirements of the cited /auwu(/ . %W
specification. Chemistry is as reported by the rod / bar supplier and is not in JWT A2LA Daniel J. Makik Qualty Assurance
accreditation. This test report cannot be reproducad or distributed except In full without the written = ool
permission of JOHNSTOWN WIRE TECHNOLOGIES, The lest results certified herein relate only
1o the items tested.
Date Printed:  01/27/2017

(C) AXIS Computer Systems - qtc302 (v6.0)

Page 10f 1

Figure C-27. 5/16-in.-18 UNC Heavy Hex Nut, Test No. UCSS-1

107



CHARTER
et STEEL

A Division of
Charter Manufacturing Company, Inc.

Melted in USA Manufactured in USA

EMAIL

CHARTER STEEL TEST REPORT

December 17, 2020
MwRSF Report No. TRP-03-440-20

1658 Cold Springs Road
Saukville, Wiscorisin 53080
(262] 268-2400
1-800-437.8789

Fax (262] 268-2570 '

Cust P.O. 91626
Customer Part # FXA38CD-31/64
Charter Sales Order 30122857
Heat # 10463770
Ship Lot # 1198508
Grade 1038 R SK FG RHQ 31/64
Johnstown Wire Technologies Process HR
124 Laurel Ave. Finish Size 31764
Johnstown,PA-15906 Ship date
| hereby certify that the material described herein has been manufactured in accordance with the specifications and standards iisted below and that it satisfies
these requi The ding of false, fictitious and fraudulent statements or entries on this document may be punishable as a felony under federal statute,
Test rasults of Heat Lot # 10463770
Lab Code: 7388
CHEM c MN P S Sl NI cu SN \'
%Wt .38 NED 008 010 ,200 .04 .08 .007 003
AL N 8 T NB
033 0060 0001 .002 .001
JOMINY(HRC)
J1 32 J3 Ja J5 J6 J7
55 49 38 27 23 21 20
JOMINY SAMPLE TYPE ENGLISH=C CAT DI=1.06

# of Tests
TENSILE {KSI) 1
REDUCTION OF AREA (%) 1

NUM DECARB=1
REDUCTION RATIO=184:1

Test results of Rolling Lot # 1198506

Min Value Max Value
231 931 TENSILE LAB = 0358-02
4 RA LAB = 0358-02

AVE DECARB (Inch)=.002

Specifications:

Manufactured per Charter Steel Quailty Manual Rev Date 12/12/13
Charter Steel certifles this product is indistinguishable from background radiation levels by having process radiation

detectors In place to for the p of within our pi & products.

Meots specifications with any apy Charter Steel P for the g d

Customer Document = RW007-RW100 Revision=  Dated= 08-NOV-13
Additional Comments:
Melt Source: This MTR supersedes all previously dated MTRs for this order
Charter Steel
Saukville, Wi, USA

Janice Barnard Division Mgr. of Quality Assurance
ardJ@chartersteal.com
Rem: Load1,Fax0,Mail0 Teating Laboratory Printed Date : 11/28/2016
Page 1 of 2

Figure C-28. %/16-in.-18 UNC Heavy Hex Nut, Page 1, Test No. UCSS-1
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The following statements are applicable to the material described on the front of this Test Report:

1. Except as noted, the steel supplied for this order was melted, rolled, and processed in the United States meeting DFARS
compliance, LEEDS compliance, REACH compliance, ROHS-WEEE compliance, and Conflict Materials Restrictions.

2. Mercury was not used during the manufacture of this product, nor was the steel contaminated with mercury during
processing.

3. Unless directed by the customer, there are no welds in any of the coils produced for this order.

4. The laboratory that generated the analytical or test results can be identified by the following key:

Certificate [Lab
Number [Code |Laboratory Address
0358-01 7388 CSSM |Charter Steel Melting Division 1658 Cold Springs Road, Saukville, Wl 53080
0358-02 {8171 CSSRY/ |Charter Steel Rolling/ Processing Division (1658 Cold Springs Road, Saukville, Wi 53080
CSSP
0358-03  |123633 |CSFP |Charter Steel Ohio Processing Division 6255 US Highway 23, Rising Sun, OH 43457
0358-04 1125544 |CSCM/ [Charter Steel Cleveland 4300 E. 49th St., Cuyahoga Heights, OH 44125-1004
CSCR
& * - Subcontracted test performed by laboratory not in Charter Steel System

5. When run by a Charter Steel laboratory, the following tests were performed according to the latest revisions of the
specifications listed below, as noted in the Charter Steel Laboratory Quality Manual:

Taet . casm | Gosp | cerp | ek
Chemistry Analysis ASTM E415; ASTM E1019 X X
Macroetch ASTM E381 X X
Hardenability (Jominy) ASTM A255; SAE J406; JIS G0561 X X
Grain Size ASTM E112 X X X X
Tensile Test ASTM E8; ASTM A370 X X X
Rockwelll Hardness ASTM E18; ASTM A370 X X X X
Microstructure (spheroidization) ASTM A892 X X

Iinclusion Content (Methods A, E) |ASTM E45 X X
Decarburization ASTM E1077 X X X

Charter Steel has been accredited to perform all of the above tests by the American Assaciation for Laboratory Accreditation
(A2LA). These accreditations expire 03/31/17. All other test results associated with a Charter Steel laboratory that appear on
the front of this report, if any, were performed according to documented procedures developed by Charter Steel and are not
accredited by A2LA.

6. The test results on the front of this report are the true values measured on the samples taken from the production lot. They
do not apply to any other sample. .

7. This test report cannot be reproduced or distributed except in full without the written permission of Charter Steel. The primary
customer whose name and address appear on the front of this form may reproduce this test report subject to the following
restrictions:

* It may be distributed only to their customers

= Both sides of all pages must be reproduced in full
8. This certification is given subject to the terms and conditions of sale provided in Charter Steel's acknowledgement
(designated by our Sales Order number) to the customer's purchase order. Both order numbers appear on the front page of

this Report.
9. Where the customer has provided a specification, the results on the front of this test report confarm to that specification

unless otherwise noted on this test report.

AGC!
Testing Laboratory

Page 2 of 2

Figure C-29. %/16-in.-18 UNC Heavy Hex Nut, Page 2, Test No. UCSS-1
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L]

Certificate of Compliance

Sold To: Purchase Order: U-Channel YR28
UNL TRANSPORTATION Job: U-Channel YR28
Invoice Date; - 09/18/2018

THIS IS TO CERTIFY THAT WE HAVE SUPPLIED YOU WITH THE FOLLOWING PARTS.
THESE PARTS WERE PURCHASED TO THE FOLLOWING SPECIFICATIONS.

100 PCS 5/16" Zinc Finish Medium Split Lock Washer SUPPLIED UNDER OUR TRACE NUMBER 210150709 AND UNDER PART
NUMBER 1133620

100 PCS 5/16" x 0.875" OD Low Carbon Zinc Finish Steel USS General Purpose Flat Washer SUPPLIED UNDER QUR TRACE
NUMBER 210149350 AND UNDER PART NUMBER 1133006

16 PCS 5/16"-18 x 1-3/4" Grade 9 Holo-Krome(REG] ECOGUARD[REG] Finish Hex Cap Screw SUPPLIED UNDER OUR TRACE
NUMBER 486338 AND UNDER PART NUMBER 11540782

24 PCS 5/16"-18 x 2-3/4" Grade 9 Holo-Krome[REG] ECOGUARD[REG] Finish Hex Cap Screw SUPPLIED UNDER QUR TRACE
NUMBER 464179 AND UNDER PART NUMBER. 11540737

40 PCS 5/16"-18 FNL[REG] ECOGUARD[REG] Finish High Hex Nut for Grade 9 Applications SUPPLIED UNDER QUR TRACE
NUMBER. 110233073 AND UNDER PART NUMBER 11541092

This is to certify that the above document is true Please check current revision to avoid using obsolete copies.
and ac:ul?be to the best of my knowledge.

i ’ / This document was printed on 09/ 18?2018 and was current at that
/,g// f G,l (_;Upw\__, time.
.

Fastenal Account Rep}esentative Signature Fastenal Store Location/Address
% Lﬁ _ 3201 N. 23rd Street STE 1
B-P GA ﬂ/ L%'/ LINCOLN, NE 68521
Printed Name J Phone #: (402)476-7900
Fax #: 402/476-7958
2/ 18 /18
Date Fage 1of1

Figure C-30. °/16-in.-18 UNC Heavy Hex Nut, Test No. UCSS-1
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FASTWELL INDUSTRY CO., LTD.

TEL:(86)21 53964567 HEAD OFFICE :6TH FLOOR.NO.227.SEC.1. FU-SHENG S.RD.,
64813702  TAIPEI .TAIPEDLTAIWAN
FAX: 64811848 SHANGHAI OFFICE:SUITE A,11F HAILI BUIL DING .NO.88 DAPU ROAD.
SHANGHAI CHINA ZIP CODE :200023

CERTIFICATE OF INSPECTION

CUSTOMER NAME: FASTENAL COMPANY PURCHASING-IMPORT TRAFFIC

REPORT NO. 120180424001 HEAT NO.

INSPECTION DATE :2018.04.24 LOT. NO.

FINISH : ZINC PLATED CR3+ MATERIALS

MANUFACTURING DATE :2018.02 P.O.NO, 210149350
DESCRIPTION ‘USS FLAT WASHER PART NUMBER  :1133006

SIZE 516 MANUFACTUREDQUANTITY:862500PCS
MARK : SHIPQUANTITY:862500PCS

INVOICE NO . FS18040042 Sampling plan: ASME BI8.18-2017

1+ DIMENSIONS INSPECTION
SPECIFICATION:ASME B18.21.1 - 2009

CHARACTERISTIC SPECIFICATION INSPECTION RESULTS SAMPLING | AC RE
OUTSIDE DIA. 0.868 - 0.905 0.876 - 0.881 8PCS 8 0
INSIDE DIA. 0.370 - 0.390 0.384 - 0.385 8PCS 8 0
THICKNESS 0.064 - 0.104 0.06% - 0.075 8PCS 8 0
2« MECHANICAL INSPECTION:

SPECIFICATION :

CHARACTERISTIC TEST METHOD STANDARD RESULTS  [SAMPLING [ AC RE
3. FINISH INSPECTION

SPECIFICATION : ASTM F1941-2015

CHARACTERISTIC T METHOD STANDARD RESULTS [SAMPLING [ AC RE
THICKNESS OF COATING ASTM B487 UM min. 3.22-3.58 29PCS 29 0
6HNO
WHITE
RUST.1IZH NO
SALT SPRAY TEST ASTMBE117-2016 RED RUST OK 15PCS 15 1]
4, APPEARANCE INSPECTION
SPECIFICATION: ASME B18.21.1-2009
CHARACTERISTIC TEST METHOD STANDARD RESULTS |SAMPLING | AC RE
GE AL WORKMANSHIP ASME B18.21.1-2009 VISUAL OK 29PCS 29 0
5. CHEMICAL ANALYSIS
HEAT NO o100 Mnx100 P-x1000  $-x1000  Si-x100  Cu-x100 Nix]100 Cr-x100 Mo-x100  Al-x1000  B-x10000  V-x100
STANDARD

Q0 MANAGER
Alice miae
Remark :1.This cortificate is valid with signature v
2.This test report only relates to the items listed and tested Lit's not allowed 1o be partially used.
3.Samples testing conform to the requirements of specification,
4. This test report is responsible for designated samples only.
5.The above compasition is quoted from original mill certs which is not in the scope of Lab Accreditation.
6.Quality System conforms to 180 9001 requirements.
7.AIl s meet the requi of the (FQA Jand records of compliance are on file.
8 Sampling Data is according to ASME B18.18.
9.Parts are manufactured and tested according to above specification and compliance with order, we certify that this

is a ture representation of information provided by manutacturer and laboratory.

Figure C-31. %/16-in. Dia. Plain Round Washer, Test No. UCSS-1
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Certificate of Compliance

Sold To: Purchase Order: U-Channel YR28
UNL TRANSPORTATION Job: U-Channel YR28
Invoice Date: 09/18/2018

THIS 18 TO CERTIFY THAT WE HAVE SUPPLIED YOU WITH THE FOLLOWING PARTS.
THESE PARTS WERE PURCHASED TO THE FOLLOWING SPECIFICATIONS.

100 PCS 5/16" Zinc Finish Medium Split Lock Washer SUPPLIED UNDER OUR TRACE NUMBER 210150709 AND UNDER PART
NUMBER 1133620

100 PCS 3/16" x 0.875" OD Low Carbon Zinc Finish Steel USS General Putpose Flat Washer SUPPLIED UNDER QUR TRACE
NUMBER 210149350 AND UNDER PART NUMBER 1133006

16 PCS 5/16"-18 x 1-3/4" Grade 9 Holo-Krome[REG] ECOGUARD[REG] Finish Hex Cap Screw SUPPLIED UNDER QUR TRACE
NUMBER 486338 AND UNDER PART NUMBER 11540782

24 PCS 5/16"-18 x 2-3/4" Grade 9 Holo-Krome[REG] ECOGUARD[REG] Finish Hex Cap Screw SUPPLIED UNDER QUR TRACE
NUMBER 464179 AND UNDER PART NUMBER 11540737

40 PCS 5/16"-18 FNL[REG] ECOGUARD[REG] Finish High Hex Nut for Grade 9 Applications SUPPLIED UNDER OUR TRACE
NUMBER 110233073 AND UNDER PART NUMBER 11541092

This is to certify that the above document is true Please check current revision to avoid using obsolete copies.
and ac:urfte to the best of my knowledge.

This document was printed on 09/1 Q20 18 and was current at that

oll %M- time.

Fz;tenal Account Re&esentative Signature Fastenal Store Location/Address
< /lﬁ
3201 N. 23rd Street STE 1
\p Gan, f\/ (Yo~ LINCOLN, NE 68521
Printed Name :j Phone #: (402)476-7900
/ / Fax #: 402/476-7958
Date Page 1 of 1

Figure C-32. %/16-in. Dia. Plain Round Washer, Test No. UCSS-1
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HANGZHOU SPRING WASHER CO.,LTD
QUALITY TEST CERTIFICATE OFF SPRING LOCK WASHER

Standard: ASME B 18.21. 1 2009 Contract No.: 17HZW 12599
Order No.: 1’0 210150709 Invoice No.:
Chemical C Si Mn P S Cr Ni Cu
Composition
(%) 0.67 0.19 0.53 0. 008 0. 01 0. 06 0.03 0.09
Heat No. F790006793
Specification 5/16"” MECH

Quantity 405 M

Lot No. 1801058

Part No. 1133620

Testing Item | Ac/n Norm Result Reject Norm Result Reject
Inside Diameter | 2/100f 7.98-8. 18 8. 02-8. 18 0
Outside Diametey 1/32 Max15. 01 Max14. 75 0
Width 1/32 Min3. 26 Min3. 23 0
Thickness 1732 || 2.06-2.35 2.04-2.08 0
Height
Section
Surface Defects | 2/100 None None 0
Hardness 0/8 HRC38-46 HRCA0-41. 5 0
Springing
Toughncss 0/8 Qualified Qualified 0
General:
The spring lock washers are conformed with the standard
of ASME B 18.21.1-2009. QUALIFT. - E
i § Z \

Inspector: Shiweiqing Quality Inspectics :
Chief: .

Figure C-33. ¥-in. Dia. Lock Washer, Test No. UCSS-1
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Certificate of Compliance

Sold To: Purchase Order: U-Channel YR28
UNL TRANSPORTATION Job: U-Channel YR28
Invoice Date: 09/18/2018

THIS IS TO CERTIFY THAT WE HAVE SUPPLIED YOU WITH THE FOLLOWING PARTS.
THESE PARTS WERE PURCHASED TQ THE FOLLOWING SPECIFICATIONS.

100 PCS 5/16" Zinc Finish Medium Split Lock Washer SUPPLIED UNDER QUR TRACE NUMBER 210150709 AND UNDER PART
NUMBER 1133620

100 PCS 5/16" x 0.875" OD Low Carbon Zinc Finish Steel USS General Purpose Flat Washer SUPPLIED UNDER QUR TRACE
NUMBER 210149350 AND UNDER PART NUMBER 1133006

16 PCS 5/16"-18 x 1-3/4" Grade 9 Holo-Krome[REG] ECOGUARD[REG] Finish Hex Cap Screw SUPPLIED UNDER QUR TRACE
NUMBER 486338 AND UNDER PART NUMBER 11540782

24 PCS 5/16"-18 x 2-3/4" Grade 9 Holo-Krome[REG] ECOGUARD[REG] Finish Hex Cap Screw SUPPLIED UNDER QUR TRACE
NUMBER 464179 AND UNDER PART NUMBER 11540737

40 PCS 5/16"-18 FNL[REG] ECOGUARD[REG) Finish High Hex Nut for Grade 9 Applications SUPPLIED UNDER QUR TRACE
NUMBER 110233073 AND UNDER PART NUMBER 1] 541092

This is to certify that the above document is true Please check current revision to avoid using obsolete copies.
and accurgte to the best of my knowledge.
7 L

This document was printed on 09/18/2018 and was current at that

i1 %’V\—"' time.

Fastenal Account RelﬁjleSentztive Signature Fastenal Store Location/Address
gp f\/lﬁ T 3201 N. 23vd Street STE |
GAN f LINCOLN, NE 68521
Printed Name J Phone #: (402)476-7900
/ / Fax #: 402/476-7958
Date Page 1 of 1

Figure C-34. %-in. Dia. Lock Washer, Test No. UCSS-1
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BOO9YLXKQC

o)

©0.750
$0.380
0.500
SIDE FRONT
. MATERIAL :
ITEM NAME: SRR
BOOPYLXKQC Steel
Round Spacer, Steel, Zinc Plated Finish, 3/8" Screw Size, 3/4" 0D, 0.38" D, 1/2"
Length {Pack of 5) BRAND : # UNLESS OTHERWISE SPECIFIED hitip: fenw.amazonsupply.com
DIMENSIONS ARE IN INCHES
Small Parts # rs;és&/gtoorm«vwsnﬁwwc IS PROVIDED FOR ama;onsupply

Figure C-35. Round Spacer, Steel, Zinc Plated Finish, %-in. Screw Size, ¥%-in. OD, 0.38 in.-1D,

Y-in. Length, Test No. UCSS-1
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Date: 9/26/2018 Test Name: UCSS-1 VIN: jtdbt903194056758
Year: 2009 Make: Toyota Model: Yaris
Vehicle CG Determination
Weight
Vehicle Equipment (Ib.)
+ Unballasted Car (Curb) 2312
+ Hub 19
+ Brake activation cylinder & frame 7
+ Pneumatic tank (Nitrogen) 22
+ Strobe/Brake Battery 5
+ Brake Receiver/Wires 6
+ CG Plate including DAS 14
- Battery -35
- Oil -11
- Interior -6
- Fuel -19
- Coolant -7
- Washer fluid 0
+ Water Ballast (In Fuel Tank) 83
+ Onboard Supplemental Battery 5
+ Smart Barrier 0

Vehicle Dimensions for C.G. Calculations

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

Estimated Total Weight (Ib.) 2395

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

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

Center of Gravity 1100C MASH Targets Test Inertial Difference
Test Inertial Weight (Ib.) 2420 + 55 2395 -25.0
Longitudinal CG (in.) 39+4 40.88 1.88
Lateral CG (in.) NA -0.18 NA
Vertical CG (in.) NA 22.469 NA

Note: Long. CG is measured fromfront axle of test vehicle

CURB WEIGHT (Ib.)

Left Right
Front 730 700
Rear 445 | 437
FRONT 1430 Ib.
REAR 882 b
TOTAL 2312 Ib.

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

Front
Rear

FRONT
REAR

TOTAL

TEST INERTIAL WEIGHT (Ib.)
Left Right
712 710
493 480
1422  |b.
973 Ib.
2395 |Ib.

Figure D-1. Vehicle Mass Distribution, Test No. UCSS-1
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Date: 9/26/2018 Test Name: UCSS-1 VIN: jtdbt903194056758
Year: 2009 Make: Toyota Model: Yaris
Vehicle CG Determination
Long CG LatCG Vertical LongM Lat M Vertical M
Vehicle Equipment (in.) (in.) CG (in.) (b.sin.) (Ib.-in.)  (Ib.-in.)
+ Unballasted Car (Curb) 38.387 | -0.474 | 22.268 |88751.25 |#HHHHH| 51483.905
+ Hub 0 20.5 11.25 0 389.5 213.75
+ Brake activation cylinder & frame 32.125 | -12.25 16.0 |[224.875( -85.75 112.0
+ Pneumatic tank (Nitrogen) 65.5 -12.75 13.25 1441.0 | -280.5 291.5
+ Strobe/Brake Battery 85.25 17.125 20.0 426.25 | 85.625 100.0
+ Brake Receiver/Wires 131.625 0 35.5 789.75 0 213.0
+ CG Plate including DAS 39.875 0 15.25 | 558.25 0 213.5
- Battery 31.0 -7.5 -13.5 | -1085.0 | 262.5 472.5
o] 24.0 5.0 7.0 -264.0 55.0 -77.0
- Interior 40.625 0 21.75 | -243.75 0 -130.5
- Fuel 80.0 0 12.5 -1520.0 0 -237.5
- Coolant 20.0 -19.0 -3.0 -140.0 133.0 21.0
- Washer fluid 22.0 -13.0 20.5 0 0 0
+ Water Ballast (In Fuel Tank) 80.0 0 12.5 6640.0 0 1037.5
+ Onboard Supplemental Battery 31.0 0 20.0 155.0 0 100.0
+ Smart Barrier 0 0 0 0 0 0
0 0 0

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

Estimated CG Location (in.)| 39.972 | -0.224 | 22.469 |

Calibrated Scales Used

Equipment Type Manufacturer Serial # Capacity
Pad Scale Pennsylvania Scale 95-228908 5000 Ibs.
Pad Scale Pennsylvania Scale 95-228909 5000 Ibs.
Race Wheel Scales Intercomp 22033056 1500/pad

Figure D-2. Vehicle Mass Distribution, Test No. UCSS-1
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Dynamic Set up

| bl

Rl TRy 3 -
Static Load Test

Vo
i i
W6x16 ‘03"" { 1
16— Y% 4 72"
1 = Hroninr e~ ey
e - = *g el e 2
| Hig =) =L
72" 5 4
PSR B ) ) ) Static Test ‘
el Rl ‘ “13 Dynamic Test Installation Details lnstallatifm le)setails . -
Soil Gradation for Baseline Fill Soil
100
90 :
e 70
60 \
S 50
g 40 \
a 30
20 \
10 T —— i
0
100 10 1 0.1 0.01
Grain Size, D {mm)
E— Comparison of Load vs. Deflection
25000 Dynamic Test {Acc)
) 20000 Dynamic Test (L.C.)
E 15000
E» = == = Dynamic Test
10000 S~— Required Min.
- - - - - e — Static Test
5000
- |
0 — !
0 5 10 15 20 25 30
Deflection (in.}
[ D - PP 2/16/2018
Test Facility & Site Location....................... Midwest Roadside Safety Facility
In situ soil description (ASTM D2487).......... Well-Graded Gravel (GW)
Fill material description (ASTM D2487)......... Well-Graded Gravel (GW) (see sieve analyses above)
Description of fill placement procedure........ H.E.-8
Bogie Weight..........cooiiiiiiiiiiiniiininineas 1786 Ib 810 kg
Impact VelOCItY -.vcusenvivmmsssasmsmmmirssvang 209 mph 33.7 km/h

Figure E-1. Soil Strength Initial Calibration Tests, Test No. UCSS-1
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Static Load Test Setup Post-Test Photo of Post
12000
Baseline Static
10000 Test
— e Minimum Load
= 8000 (90% Baseline)
§ 6000 e JCSS-1-51 - LOad
2 Cell 1
4000 UCSS-1-51 - Load
Cell 2
2000
0
0 ) 10 15 20 25 30 35
Deflection (in.)
SOIL GRADATION
100 "3
90
80 LY
3 70 \
=
[ 60 T \\
§ 50 \\
5 40 D T~
& 30 » e
20 L P
10 M;—i
0
100 10 1 0.1 0.01
Grain Size, D (mm)
-~ ~-Baseline Soil —%— UCSS-1-s1 Soil
Date.iiuinsvinsmsss o s vinsssenisasase 9/26/2018
Test Facility & Site Location...............ccccuvens Midwest Roadside Safety Facility
In situ soil description (ASTM D2487)........... Low Plasticity Silt (ML)
Fill material description (ASTM D2487).. .. Well-Graded Gravel (GW) (see sieve analyses above)
Description of fill placement procedure........ 8-inch lifts tamped with a pneumatic compactor

Figure E-2. Static Soil Test, Test No. UCSS-1
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Date: 9/26/2018 Test Name: UCSS-1 VIN: jtdbt903194056758
Year: 2009 Make: Toyota Model: Yaris
VEHICLE DEFORMATION
ROOF
Vertical Reference Vertical .Re;erence Lateral Referece Lateral Refg rence Examplar Test Vehicle Crush®
Length® Side Length® Side Vehicle Measurment in
POINT 9 (Top or Bottom) d (Driver or Pass.) Measurement (in)
1 6 3/4 Top of back Glass 91/2 Pass. 51/2 718 1.625
2 2278 Top of back Glass 14 1/8 Pass. 51/2 778 2.375
a 3 28 3/4 Top of back Glass 2712 Pass. 51/2 63/4 1.25
g 4 16 3/4 Top of back Glass 23 3/4 Pass. 53/8 734 2.375
% 5 23 Top of back Glass 34 Pass. 6 714 1.25
% 6 25 1/4 Top of back Glass 383/8 Pass. 63/8 7 0.625
2

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.

P 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

Year: 2008 Make: Toyota Model: Yaris VIN: jtdbt923384017665

Windshield Deformation Notes:

Test Vehicle Damaged Windshield Examplar Vehicle Windshield

Figure F-1. Roof Deformation Data, Test No. UCSS-1
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Date: 9/26/2018 Test Name: UCSS-1 VIN: jtdbt903194056758
Year: 2009 Make: Toyota Model: Yaris
VEHICLE DEFORMATION
WINDSHIELD
Vertical Ref Li | Reft
Vertical Reference ertica A eBerence Lateral Referece ateral ) e§ rence Examplar Test Vehicle | Crush®
Length® Side Length® Side Vehicle Measurment i
POINT eng (Top or Bottom) €ng (Driver or Pass.) Measurement i)
1 231/8 Top 217/8 Driver 51/8 43/4 -0.375
2 27112 Top 16 5/8 Driver 51/8 43/4 -0.375
o 3 29 Top 25 3/4 Driver 51/8 5 -0.125
|
I
73
a]
Z
=

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.
€ Length to lateral referene either the driver or passenger side windshield frame.

P 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

Year: 2008 Model: Yaris VIN:

Make: Toyota jtdbt923384017665

Windshield Deformation Notes:

Test Vehicle Damaged Windshield

Examplar Vehicle Windshield
A -

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

124



December 17, 2020
MwRSF Report No. TRP-03-440-20

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-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-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-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-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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