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SI* (MODERN METRIC) CONVERSION FACTORS |

APPROXIMATE CONVERSIONS TO SI UNITS

Symbol When You Know Multiply By To Find Symbol
LENGTH
in. inches 25.4 millimeters mm
ft feet 0.305 meters m
yd yards 0.914 meters m
mi miles 1.61 kilometers km
AREA
in? square inches 645.2 square millimeters mny
ft2 square feet 0.093 square meters m?
yad? square yard 0.836 square meters m?
ac acres 0.405 hectares ha
mi2 square miles 2.59 square kilometers km?
VOLUME
fl oz 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 shownin m
MASS
0z ounces 28.35 grams o]
b pounds 0.454 kilograms kg
T short ton (2,000 Ib) 0.907 megagrams (or fi Mg(or't
TEMPERATURE (exact degrees)
o . 5(F32)/9 . R
F Fahrenheit or gF-BZ))ll.S Celsius C
ILLUMINATION
fc foot-candles 10.76 lux Ix
fl foot-Lamberts 3.426 candela pesquare meter cd/n?
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
mn? square millimeters 0.0016 square inches in?
m? square meters 10.764 square feet ft2
m? square meters 1.195 square yard yd?
ha hectares 2.47 acres ac
km? square kilometers 0.386 square miles mi2
VOLUME
mL milliliter 0.034 fluid ounces fl oz
L liters 0.264 gallons gal
m® cubic meters 35.314 cubic feet fts
m® cubic meters 1.307 cubic yards ya®
MASS
g grams 0.035 ounces 0z
kg kilograms 2.202 pounds b
Mg (or "t") megagrams (or i 1.103 short ton (2,000 Ib) T
TEMPERATURE (exact degrees)
°C Celsius 1.8C+32 Fahrenheit °F
ILLUMINATION
Ix lux 0.0929 foot-candles fc
cd/n? candela per squareeter 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 neheptly with Section 4 of ASTM E380.
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1.1 Background

Singlepost, Uchannel sign supports are used by many agencies for a variety of small signs
anddelineatorsincluding mile delineators and object markers. These signs are generally mounted
between 4 ft and 7 fibovethe ground and placed in close proximity to the roadway. Despite the
wide use of Uchannekign suppo#, their crashworthiness hastibeen fully evaluated to current
Manual for Assessingafety Hardwar§ MASH 2016 [1] safety criteria. With the impending
MASH implementation dates agreed uponthy Federal Highway Administration (FHWA) and
Association of

Ameri can
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U-channel sign supports need to be evaluated to MAGH Test Level 3 TL-3) safety criteria.

Numerous studies and Iftscale crash testsave beenconductedon U-channel sign
supportsover the past four decadeBhese tests may help identityitical configurations for
evaluationprior to MASH testing However,several of these projectwere conducted under
previous evhiation criteria the National Cooperative Highway Research Program (NCHRP)
Report Nos. 230Recommended Procedures for the Safety Performance Evaluation of Highway
Appurtenanced 2], and 35QRecommended Procedures for the Safety Performance Evaluation of
Highway Feature$3]; andno U-channel sigrsuppors completed the full testing matrnequired
by MASH. NCHRPProject 03119 [] is currentlyevaluatinguminaire poles, sign supports, and
work zone devices to MASH016 standardsbut U-channelsuppors will only be partially
evaluated during this project, and it is unknown if any of these syst@inke full-scale crash

tested to MASHstandards

1.2 Objective and Scope

The objective of thistudy wa to evaluatsingle-post, Uchannel sign supporécording

to the TL-3 safety performance criteria set forth in MA2BI1§ asshown inTablel. The study

includedaliterature review of past testing, survey of sponsoring agereiddynamic component
testingto identify critical sign configurations and evaluatiparametersincluding mounting

height, sign size, and post splicenfiguraton. Additionaly, one fullscale crash tesitas
conductedto evaluate the rashworthiness othree systemsThe researctscopeincludedthe

development of a bogie vehicle to be utilized in the MASH compliance evaluation of the selected
sign configurationsThus a full-scale MASHtest designation no-81 crash test was conducted

to provide baseline data to validate the bogie vehid¢ie.background and fuficale crash tesire

detailed hereinMASH test designation nos-&0 and 362 were notonducteds part of the initial

research effort-or a complete evaluation of the sign systems according to MASBS| Tie full
test matrix should be conducted, as shawhablel.

Tablel. MASH 2016TL-3 Test Matrx

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

361 1100C 2,420 62 Quarterpoint CIA?

3-62 2270P 5,000 62

ICritical Impact Angle from 0 to 25 degvhich is to be determined

1

Tr

a
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2 LITERATURE REVIEW

A total of 22 fultscale crash tests were found on singlehdnnel signsupports, as
described belowAdditional data can be found Appendix A

2.1 Small Sign Support Analysis (1988)

In 1988 Texas A&M Transportation Institut@ TI) conduded a series of fulécale small
car crash tests to evaluate the impact performance of small sign supports used by the Arizona
Department of Transportation (ADOT)][ While the testing covered more than just sifubst
U-channels, it was determined that bottb®t and 4lb/ft U-channel posts met performance
criteria set forth by NCHRP Repddb. 230 and the 1985 AASHTGtandard Specifications for
Structural Suppos for Highway Signs, Luminaires and Traffic Sigriéls

The sign panels measured 2 ft x 2% ft and were positioned so the lower edge atms/8 ft
the ground. Twodw-speed tests and one higpeed test were used to validate the system. In all
three tests, theign supportractured at bumper height and lost contact with the front of the vehicle,
and the sign panel impacted thee h i Wdf. &R60§ deformation was wiin safety standards
summary of thempact data and properties of each sign support test is shovatlie?2.

Table2. Summary of UChannel Sign Support Tests for ADOT, 1988

Max.
. Post Yield | Test Inertial Impact Compartment
TQSt NQ' Post Weight, Strength, Weight, Speed, Impa_ct Deformation Pas_s/
(Desgnation Ib/ft . Location . Fail
ksi Ib mph and Location
in.
70247 15 in. left of 2
(63) 3 102 1,800 60.5 centeline (Roof) Pass
70248 3 102 1,800 19.9 | 18in.rightof 0 Pass
(62) centeline
702413 15 in. left of 2
(63) 4 84.1 1,795 20.3 centeline (Roof) Pass

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

In 192, TTI conducted a series of ftdtalel,800|b small car crash tests to evaluate the
impact performance of-Ib/ft steel Uchannel sign supports used by the Florida Department of
Transportation (FDOT) in strong and weak s@jl [The sign panels measured 2 ft x 3 ft aretev
mounted so the lower end of the panel was 7 ft above the gr®ant of the crash tests involved
sign systems with normal splice orientataherethe 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 stuatkdbedr@of
and causethrge deformationgOne of these failing systems had a normal spice orientation, while
the other ondad areverseorientation The project adhered to performance criteria set forth by
NCHRP ReporNo. 230. A schematic of the system is showhigurel. A summary of the testing
is shown inTable3.
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Figurel. FDOT U-Channel Schematidest N&. 71853 through 718518 [7]
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Table3. Summary of UChannel Sigrsupport Tests for FDOT, 1297]

Post Impact Max.
Test No. Splice Yield Soil S F:aed Impact Compartment Pass/
(Dedgnation | Orientation| Strength,| Type peed, Location Deformation Fall
; mph ;
ksi Locationt

71853 Reverse 80 Weak 18.4 Left . N/A Pass
(62) quarterpoint

71854 Reverse 80 Weak 61.8 Right . N/A Pass
(63) quarterpoint

71855 Reverse 80 Standard| 19.3 Left ; N/A Pass
(62) quarterpoint

71856 Reverse 80 Standard| 61.1 Right . N/A Pass
(63) quarterpoint

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

71858 Reverse 60 Weak 61.5 Right : N/A Pass
(63) quarterpoint

71859 Reverse 60 Standard| 17.0 Right . N/A Pass
(62) quarterpoint

718510 Reverse 60 Standard| 60.8 Left . Roof overdrlver’ Fail
(63) quarterpoint | compartment are

718511 Normal 80 Weak 19.2 Left . N/A Pass
(62) quarterpoint

718512 Normal 80 Weak 61.9 Right : N/A Pass
(63) quarterpoint

718513 Left
(62) Normal 80 Standard| 20.1 quarterpoint N/A Pass

718514 Normal 80 Standard| 61.8 Right . N/A Pass
(63) guarterpoint

718515 Normal 60 Standard| 19.4 Left . N/A Pass
(62) guarterpoint

718516 Normal 60 Standard| 62.4 Right . N/A Pass
(63) guarterpoint

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

718518 Normal 60 Weak 62.4 Right _ Roof overdnver’ Faif
(63) guarterpoint [ compartment ared

1Exactdeformationvalues not available
°Test failed due to driver compartment intrusion
STest 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 200Q TTI conducted a series of ftgcale small car crash tests to leate the impact
performance of selected work zone sign supp8itsThe project adhered to performance criteria
set forth by NCHRP Report No. 35@8mong the selected systems was-gHannel sign support
with a 2 ft x 3 ft sign panel mounted 4abovethe groundFor test no. 417923, it should be
noted thathe test veldle simultaneously impacted two identithichannel suppaoston the right
and kft quarter pointsAfter impact,one ofthe U-channel sign possplit and fractured at bumper
height. The sign panel impacted and cutithe h i wihdshild before losing egact with the
vehicle. Due to the sign panel showing potential to penetrate the occupant compartment, this test
failed. The test onsecondsign support was acceptabl& schematic of the t¢hannel system is
shown inFigure2. A summary of the impact data and properties of the sign support is shown in
Table4.

—— 610 (24) —=t

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

ALUMINUM PANEL

fe—— 2 LB/FT WINGED
CHANNEL POST

1220 (48)

VIEW A=A

610 (24)

Figure2. U-Channel Schematidest No 4179293 [8]
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Table4. Summary ofJ-Channel Sign Support Te&000 B]

Support Test Inertial| Impact Max. Compartment

Test No. ' U-Channel . Impact . Pass/
; X Size Weight, Speed, . Deformation, :
(Desgnation b/ft Type b mph Location in. Falil
Rightand
4%;%21?3 2 Winged 1,806 62 left quarter 3.0 Failt
points

Test failed because sign panel showed potential to penetrate occupant compartment

2.4 Compliance Testof U-Channel Sign Support System (2009)

In 2009 New ZealanébasedHolmes Solutions conducted a singlest fullscale 2270P
crash testo evaluate the impact performance of the Nucor Lap Spli€hahnel Sign Support
system 9]. The project adhered to performance criteria set forth by MRSBD[10]. Test no. 2
362 was conducted with a 1 ft x 1 ft sign pamelunted 5 ft' 11 in.abovethe ground and a 3 ft
x 3 ft sign panemounted 7 ftabovethe groundon a single postAfter a headon impact, the
support bent slightly before breaking just above the splice. The sign panel impaateel theé c | e 6 s
windshield, fracturing the glass. Themsigost contacted the left side of the vehicle until it passed
over the Apillar, where it lost contact he tesfailed because occupant compartment deformation
exceedeanaximum limits. Theestresultsare shown imable5.

Table5. Summary of UChannel Sign Support Test for Nucor Compliance Test9 2810

. Max. Compartment
Post Test Inertial Lower Impact .
Test Ng. Weight, Weight, Panel Speed. Impa_ct Deformat_|onand Pas_s/
(Desgnation Ib/ft b Heigh(s) mph Location Location Fail
in.
- 5.5
(23?:3622) 4 4,991 5 ft'71ftl n. 61 Centerline| (Right side ofroof | Failt
above windshield)

Test failed because occupant compartment deformation was too large

2.5 Evaluation of Existing Roadside Safety Hardware UsingJASH (2010)

In 201Q TTI conducted a fulkcale 2270P crash test to evaluate the impadbrmance
of a 4lb/ft steel Uchannelkupport with a 3 ft x 3 ft plywood sign mounted aflfiovethe ground
[11]. The project adhered to performance criteriaf@gh by MASH 2009 After primary impact
with the Uchannel support, the test vehicle impactedeaforated Square Steel TuffeSST)
support.The signpost boke away at the splice locatioand the sigrpanelrotated around the
leading edge of thev e h i bdo& @amtactinghe roof near the top of the windshield and
overriding the vehicle. Contact with the roof was minor aralisedslight deformationsA
schematic of the system is shownFigure3. A summary of the impact data and sign support
properties is shown ifiable®6.
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Figure3. U-Channel Schematidest No RF4764661-2 [11]]

Table6. Summary of UChannel Sign Support Test for NCHRP Projectl2203), 200 [11]

Post | Test Inertial | Impact Max. Compartment
Test No. iah iah P q : Deformationand Pass/
(Desgnatior) Weight, Weight, Speed,| Impact Location Location Fail
Ib/ft Ib mph i
RFA4764601-2 . 2.1
(3-62) 4 4,958 63.3 | Left quarterpoint (Roof) Pass

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

In order to determine critical sign configuratioMywRSF researchengviewedreports,
photographs, angideo footageof previous testingo estimatethe likelihood ofsuccess with
MASH 2016performance criteriaEach test was graded on a scale of (megy 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 ihable 7 for the 22 tests described in the literature
review.

Most of the systems would likely comply with MASH criteria for the {speedtest
designation nd3-60. However, researchers were less optimistic about MASH test designagion no
3-61 and 362, wherethe heavy sign panelsould impact the test vehickt higher speeddand
potentially cause excessive deformation or intrude into the passenger compéasenenally, the
systems that were predicted to have a higher chance of passifggheminimum seelyield
strengthsA panelmountingheight of 5 ft or lesabove the groundndasmaller post weight as
associated witlalower chance of passifgASH test designation no-&0 than the system with a
panelmountingheight of 7 ft and a heavier post

Midwest Roadside Safety Facility (MwRSFsearchersurveyed the Midwest Pooled
FundProgram member stat&sgain a full understanding of currertddannel sign support usage.
MwRSF used the resultasshown inFigure4, to determine which sign support configurations
were esired by state transportation departments. Fourteen states responded to the survey, which
is shown in its entirety ildppendix B

All fourteen states currently use-dhannel sign supports for small delineators with sign
panels, and thirteen states planned to use them in the future. Generallg/fiakt] 21b/ft weight
U-channel sign supports are used for small delineator applications. While many different sign
parel 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 suppaxg, and six states mounted them in
both soil and concrete.

Nine of the thirteen states that responded usetdnnel 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 prect, as shown iTable8. The yield strength and splice configurations
could be variable and would be further evaluated throughout the project.



Table7. MASH 2016Estimates of Previous Testing

. Post | Lower Panel Actual
Test No. Designation V_I(?;;)(;Ie V\/I(ta) I/?t ht, Heigfht(s), Impact Location Test Mpﬁsgcﬁfr? Nlla'?;;lci:nl MPAI‘\:(;?C\E-OGHZ
t Result
70247 NCHRP 230 63 | 1800S 3 5 15 in. left of centdine Pass 2 4 2
70248 NCHRP 230 62 | 1800S 3 5 15 in. right of centdine Pass 2 4 2
702413 NCHRP 230 63 | 1800S 4 5 15 in. left of centdine Pass 2 4 2
71853 NCHRP 230 62 | 1800S 4 7 Left quarterpoint Pass 5 4 4
71854 NCHRP 230 63 | 1800S 4 7 Right quarterpoint Pass 5 4 4
71855 NCHRP 230 62 | 1800S 4 7 Left quarterpoint Pass 5 4 4
71856 NCHRP 230 63 | 1800S 4 7 Right quarterpoint Pass 5 4 4
71857 NCHRP 230 62 | 1800S 4 7 Left quarterpoint Pass 5 1 2
71858 NCHRP 230 63 | 1800S 4 7 Right quarterpoint Pass 5 1 2
71859 NCHRP 230 62 | 1800S 4 7 Right quarterpoint Pass 5 1 2
718510 NCHRP 230 63 | 1800S 4 7 Left quarterpoint Fail 5 1 2
718511 NCHRP 230 62 | 1800S 4 7 Left quarterpoint Pass 5 4 4
718512 NCHRP 230 63 | 1800S 4 7 Right quarterpoint Pass 5 4 4
718513 NCHRP 230 62 | 1800S 4 7 Left quarterpoint Pass 5 4 4
718514 NCHRP 230 63 | 1800S 4 7 Right quarterpoint Pass 5 4 4
718515 NCHRP 230 62 | 1800S 4 7 Left quarterpoint Pass 5 1 2
718516 NCHRP 230 63 | 1800S 4 7 Right quarterpoint Pass 5 1 2
718517 NCHRP 230 62 | 1800S 4 7 Left quarterpoint Pass 5 1 2
718518 NCHRP 230 63 | 1800S 4 7 Right quarterpoint Fail 5 1 2
4172923 NCHRP 350 371 | 820C 2 4 Right quarterpoint Fail 4 1 2
2-362 MASH 3-62 2270P 4 5ftillin. Centerline Fail 4 3 1
RF4764601-2 MASH 3-62 2270P 4 7 Left quarterpoint Pass 5 5 Pas$

IFull-scale crash test was conducted to MASH

Scale: 1 unlikely to pass and 5 likely to pass

02-077€0dd 10N Hoday 4SHMIN

0¢0c¢ ‘.Taquadeg
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No.
Question Resp.|Results
. . Yes- 14
1. Are you currently using U-Channel Sign Supports? 14 NO - 0

()

2 |2. Are you interested in using U-Channel Sign Supporty 14 Yes- 13

8 lthe future? No-1
3. Do you want to provide input on which sign supports 14 Yes- 13
be evaluated with this Pooled Fund project? No-1

. i Yes- 13
4. Do you use U-channel sign support for small delineators? N?)S- 0
i ! Nucor Steel Marion - 4 MD Solutions - 1
5. What lier d h U-ch | delineat: . . -
from’Pa suppler doyou purchase L-channel deineato 12 |Franklin Industries - 3 Vulcan Signing - 1
) Chicago Heights Steet 1 Unknown - 6
;‘ﬁﬁ'tf/g' > 3 Ib/ft- 3
6. What weight U-channel do you utilize for delineatorsp 13 4 Ib/ft- 1
22 lofte-1 0.93-in. A36/A36m steet 1

) 2.5 b/t - 2 ' '

o

= . . ) Yes-1

® |7. Do you use sign panels with U-channel delineators?| 13 Nis 0 3

Q -

© . . . . 2ft-1

0O |7a. What is the typical height to bottom of sign panel fo 12 lat-o9

‘® |channel delineators?

(% 5ft-2

6in.x12in.-3 . .
. . . . . . 12in.x 4 -
7b. What is the typical sign panel size for U-channel 10in.x 36 in.- 3 !n x 48 !n 8
) 13 . . 18in.x18in.- 3

delineators? 12in.x 24 in.-4 None (reflector only)- 3

12in. x 36 in.- 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 $0ilP3 |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
ii szztff;ﬁgher do you purchase other U-channel si 10 |Franklin Industries - 4 Vulcan Signing - 1
PP ) Chicago Heights Steet 2 Unknown - 2
. " . 1.12 Ibfft- 3
12. What weight U-channel do you utilize for other sign 9 2 b/t-2 3 Ib/t- 5
? -

supports? 2.5 Iofft - 3 4 Ib/tt- 3

2 5ft-5

‘g_ 13. What is the typical bottom of sign panel height for o 9 6ft-1

2 |U-channel sign supports? 7f-8

(g >7f-1

S - —

? 180n.x181n-4 30 in. x 36 in.- 4

5 18 in.x 24 in.-4 36 in. x 24 in.- 2

£ |14. What is the typical single sign panel size or total 24in.x 24 in.- 6 _' .'

@) . . . . 36in. x 36 in.- 4
clustered panel size (w x h) for other U-channel sign 8 |24in.x30in.-5 36 in. x 48 in.- 2
supports? 24in.x 36 in.- 4 _' _'

. . 42 in. x 30in.- 2
24in.x 48 in.- 2 48 in. X 48 in.- 2
30in. x 30 in.- 6 ) )
15. Do you use spliced U-channel with other small U- 9 Yes-7
channel sign supports? No - 2
S il -
16. Do you mount other small U-channel signs in concr Soil -6
or soil? 9 |Concrete -0
' Both - 3

Figure4. U-Channel Sign Support Survey Results
10
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Table8. Sign SystemdPrioritizedfor Testing

Post Weight Lower Panel| Post Yield
b/t I sign Panel Size Height, Strength, | Splice Configuration
ft ksi

1.12 Reflector only 4 60 None

1.12 8in. x 2 ft x 0.08 in. 4 60 None
3 3ftx 3ftx0.1in. 7 60 8-in. ovelrilgg at ground
4 3ftx3ftx0.1in. 7 80+ None
4 3ftx 3ftx0.1in. 7 60 8-in. ovelrilgs at ground
4 3ftx 3ftx0.1in. 5 60 8-in. ovelrilgs aground

11
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4 DESIGN DETAILS

The test installatiortonsistedof three separate -thannel signsupports schematics of
whichare shownn Figures5 throughl6. Photographs of the test installation are showfigures
17and18. Materialspecifications, mill certifications, and certificateflsconformity for the system
materials are shown itppendix C

The Uchannel sign quports werenadeof A499 ste¢ with a powdercoated finishSystem
A (test no.UCSS1A) was a singlepost embedded in the ground without any splicesile
SystemsB andC (test nosUCSS1B andUCSS1C, respectivelywere comprised of an upper
post support attached to an embedded ground stub foundatioa lap splice. Tie lap splice
consisted of GO hex boltsand heavy hex nutflat washersand lock washer§ he 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 1.12Ib/ft U-channel supprt 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 IbHe sign panel was 36 in.
tall, 12 in. wide and 0.08n. 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-thannel support.

The4-Ib/ft U-channel support for Systemvizas 20 in. tall, which overlapped 8 in. with
a ground stub that extended 38 in. below the groundTimeweight of the support was confirmed
to be 4 Ib/ft.The sign pandbr System B wa86 in. tall, 36 in. wide, and 0.08. thick. The bottom
of the sign pnel 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 eflthani¢l support.

The4-Ib/ft U-channel support for System C was 96 in. taHjch overlapped 8 in. with a
ground stub that extended 38 in. below the ground Tihe 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. Tiniekbottom
of the sign panel was 6.iabove 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 eflthanl support.
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Notes: (1) Test shall be performed according to test designation no. 3—61
of MASH 2016 criteria.
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Backfill with compacted MASH soil. MlSdQv‘Ifgft ?ggﬁﬁflde G TAME SCALE. 196
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Figure5. Test Installation LayoufTest No.UCSS1
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Figure6. Sign AssemblyTest No.UCSS1A
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Figure8. Sign AssemblyTest No.UCSS1B
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Figure9. Splice Detail Test No.UCSS1B
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Figurel0. Sign AssemblyTest No.UCSS1C
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I;\‘ec;‘n QrY. Description Material Specification Treatment Specification H%Sﬁgre
al | 1 [1.12 Ib/ft U—Channel Sign Post, 96" Long e o e ASTM A123 -
a2 | 1 |4.00 Ib/ft U—Channel Sign Post, 120" Long S At B R0 ASTM A123 =
a3 | 1 |4.00 Ib/ft U-Channel Sign Post, 96" Long g s e ASTM A123 -
a4 | 2 |4.00 Ib/ft U—Channel Sign Post, 42" Long S ARG Be RO ASTM A123 =
b1 1 |36"x12"x0.08” Sign with Reflective Sheeting Aluminum Alloy 5052 or Similar - -
b2 2 |36"x36"x0.08” Sign with Reflective Sheeting Aluminum Alloy 5052 or Similar — o=
c1 | 2 [5/16"=18 UNC, 1 3/4” Long Hex Bolt SAE J429 Gr. 5 or 9 Fe/Zn 3AN per ASTM F1941 FBX08b
c2 4 |5/16"—18 UNC, 2 1/4” Long Hex Bolt SAE J429 Gr. 9 Zinc—Plated -
c3 4 |5/16"—18 UNC , 2 3/4” Long Hex Bolt SAE J429 Gr. 5 or 9 Fe/ZN 3AN per ASTM F1941 FBX08b
c4 10 |5/16"—18 UNC Heavy Hex Nut 5or9 Fe/Zn 3AN per ASTM F1941 FNX08b
cS 20 |5/16” Dia. Plain Round Washer Low Carbon Steel Fe/Zn 3AN per ASTM F1941 FWCO08a
c6 10 |3/8" Dia. Lock Washer Low Carbon Steel Fe/Zn 3AN per ASTM F1941 -
c7 4 |1/2” Thick Spacer with 7/16" Hole - -
- [GHEET:
U—-Channel Sign 12 of 12
Test no. UCSS—1 BATE:
7/8/2020
Bill of Material ey
. ot | o aterials
Midwest Roadside e
Safety Facility [ e el
uCss-1_R7 UNITS: in. J&/uns/

Figurel6. Bill of Materials, Test NoUCSS1
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Figurel7. Test InstallationTest NoUCSS1
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Figurel18. TestInstallation Test NoUCSS1
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Figurel9. TestInstallation Test NOUCSS1A
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20. TestlInstallation Test Nb. UCSS1B

igure

F




Decembe17, 2020
MwRSF Report NoTRP-03-440-20

. TestInstallation Test NoUCSS1C
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5 TEST REQUIREMENTS AND EVALUATION CRITERIA

5.1 Test Requirements

Support structures, such dschannel sign supp&tmust satisfy impact safety standards
in order to baleclared agible for federal reimbursement tlye FHWA for use onthe National
Highway System (NHS)For new hardwarghese safety standards consist of the guidelines and
procedures published in MASBI016 According toTL-3 criteria support struatres must be
subjected tahreefull-scale vehicle crash tests summarized ihable9.

Table9. MASH 2016 TL-3 Crash Test Conditiorfer Suppot Structures

Test Vehicle |_Impact Conditions .
Test Desianation Test Weiaht q | Evaluation

Article 9 Vehicle gnt, | Speed, | Angle, Criteria

No. Ib mph degees

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 ihable10

Test designationno. 361, reported hereinwas conductedfor three sign supports
simultaneously The selectedievices, termed Systems A, B, and C, corresponalgdst nos.
UCSS1A, UCSS1B, andUCSSI1C, respedtely. The systemswere installed 30 ft apartand
contacted by the test vehicle at-d€yeeangle MASH notes that the critical impact angle (CIA)
should be selected to represent the highest risk for the system to fail any of the recainmende
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 atdaddee impact anglwas believed to be most
critical in terms of maximiimg the potential area of contact of the sign panels with the windshield
androofThe initial i mpact point of System A was
while Systens B and C were impaded at thev e h i cighte @nd leftside quarter points
respectively.

Only onefull-scale MASH test designation ne63 crash test was conducted reported
herein. MASH test designation nos-&0 and 362 were notonducteds part of the initial resech
effort. For a complete evaluation of the sign systems according to MASS] Tre full test matrix
should be conducted, as showrTable9.

5.2 Evaluation Criteria

Evaluation criteria for fullscale vehicle crash testing are based on three appraisal areas:
(1) structural adequacy; (2) occupant risk; and (3) vehicle trajectorycattesion. Criteria for
structural adequacis that the test article should readily activate in a predicable manner by
breaking away, fracturing, or yieldin@ccupant risk evaluates the degree of hazard to occupants
in the impacting vehicld?ostimpact \ehicle trajectory is a measure of the potential of the vehicle
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to resultin a secondary collision with other vehiclaadbr fixed objectsthereby increasing the
risk of injury to the occupastof the impacting vehicle anar other vehiclesThese evaluan
criteria aresummarizedn Tablel10andaredefined in greater detail MASH 2016

It is important to note that in tests of breakaway features, the impulse vahicke may
be relatively small and of short duratidhis not unusual fok andy in the flaikspace 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 vehistespecified inSection A5.5.2 oMASH 2016,in
such casest is recommaded that he Ol V be set equal t o
occurs during contact with the test article, or parts thefdotf[parts of the test arle remain

with the

vehicle after impact, the vehi

vehicle clears the footing or foundation of the test article.

the vel

cl

In addition to the standard occupant risk measures, thelrRpatt Head Deceleratio
(PHD), Theoretical Headmpact Velocity (THIV), andAcceleration Severity Index (ASI) were
determined and reporteddditional discussion on PHD, THIV and ASI is providedMiASH

2016

Table10. MASH 2016 Evaluation Criteria forupport Structures

Structural
Adequacy

B.

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

Occupant
Risk

Detached elements, fragments or other debris from the test
should notpenetrate or show potential for penetrating

occupant compartment, or present an undue hazard to
traffic, pedestrians, or personnel in a work zone. Deformatior
or intrusions into, the occupant compartment should not ex
limits set forth inSection 5.2.2 and Appendix E of MASH 201

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

Occupant Impact Velocity (OIV) (see Appendix A, Sect
A5.2.2 of MASH2016 for calculation procedure) should sati
the following limits:

Occupant Impact Velocity Limits

Component Preferred Maximum

Longitudinal 10 ft/s 16 ft/s

The Occupant Ridedown Acceleration (ORA) (see Appendi
Section A5.2.2 of MASH016 for calculation procedure) shol
satisfy the following limits:

Occupant Ridedown Acceleration Limits

Component Preferred Maximum

Longitudinal and Lateral 15.0 ¢ 20. 49

Postimpact
Vehicular
Response

Vehicle trajectory behind thest article is acceptable.
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5.3 Soil Strength Requirements

In accordance with Chapter 3 and Appendix B of MASH 2016, foundation soil strength
must be verified. During the installation of a soil dependent system, a W6x16 post isdrstailt
the impact region using the same installation procedures as the system itself. Priesdaldull
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. atghhef 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 stéic 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
NebraskaLincoln.

6.2 Vehicle Tow and Guidance System

A reversecable tow system with a 1:2 mechanical advantage was used to propel the test
vehicle. Thedistance traveled argpeed of the tow vehicle were ehalf 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 increbfee measuremerdiccuracy of th test vehicle impact
speed.

A vehicle guidance system developed by HifitP] was used to steer the test vehicle. A
guideflag, attached to theght-front wheeland the guide cable, was sheared off before impact
with the system The E-in. diameter guide cable was tensioned to approxim&&g@0 Iband
supported both laterally and vertically evai§0 ftby hinged stanchions. The hinged stanchions
stood upright whe holding up the guide cable, but as the vehicle was towed down the line, the
guideflag struck and knocked each stanchion to the ground.

6.3 Test Vehicles

A 2009 Toyota Yaris subcompact fedoor carwas used as the test vehifbe test no.
UCSSL1. Thecurb,test inertiaJand gross statieehicleweights were,3121b, 2,395Ib, and2,557
Ib, respectively The test vehicle is shown Figures22 through24, and vehicle dimensions are
shown inFigure25. MASH recommends using test vehicles within 6 model years on the day the
test is conductedRegardless of age, test vehicles should adhetketgroperties 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 requirents in MASH and the test vehicle was geometrically similar
to newer 1100C test vehicledote, MASH recommends that, when practical, the test vehicle
should be selected to conform to all the parameters shown in MASH Tablast#42. The hood
height wa measured to be GRin., and MASH recommends 24-+ 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 vehicleshich was the primary contact area for the tafitle,it was not
considered to be an issu€he longitudinal component of theenter of gravity €.g) was
determined using the measured axle weighte vertical component of the c.g. was determined
usinga procedure published by SAH]. The location of the final c.g. is shownkigures25and
26. Data used to calculate the location of the c.g. and ballast information are shéppeirdix
D.

Square, blackand whitecheckered targets were placed on the vehicle for reference to be
viewed from the higtspeed digal video cameras and aid wdeo ana}sis, asshown inFigure
26. Round, checkered targets were placed at.theon the lefside dooryight-side doorandroof
of the vehicle.
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@ LITTLE APPLE

Figure22. Test Vehicle, Test NaJCSS1
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Figure23. Test Vehicl e6,9esiNoyGEI or FIl oor boards
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V &idercairiag@f ast No.UCSS1

Figure24. T e s t
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Figure25. Vehicle DimensionsTest No.UCSS1
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