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1 INTRODUCTION
1.1 Background

U-channel posts, as shown kiigure 1, are one of three post mountingtions thatthe
Missouri Department of ransportation §IoDOT) utilizes fortemporarytraffic control devices.
The other two options are iperated square steel tubesame od posts. According
standard plans, these poststarbe utilized with rigid sigpanels which are mountetetveen5
ft and7 ft (1.5 and2.1 m) above the ground-or the Uchannel posb pt i o n, MoDOTOGs s
plans state that only one splice is allowed per postratdour’/1e-in. (8-mm)diameteigalvanized
ASTM A449 bolts, nutsand washerare to be usd inthe splice connectionfwo posts are
required if the sign is greater than 41ft2 m)in width unlesst is adiamondshapé sign. Further,
the posts should be free fromyabracing and should not exteatove the sign panedxcept as
needed fowarninglight attachmentsMoDOT desiré to test the existing system as used in the
field.

Limited testing of temporary, groundounted sign supportesbeen conducted according
to the National Cooperative Highway Research Progiid@HRP) ReportNo. 350 [1] andthe
Manual for Assessing Safetardware (MASH) [2, 3] safety performance criteridn test no.
4746601-2, a single Uchannel post met the MASH performaneealuation criteria when
impacted with a 2270P pickup truck the same test, tr@ngleperforated square steel tupest
failed MASHtest designationo. 3-62 due to exceeding the windshield deformation threshold of
3in. (76 mm)[4].

Figurel. GroundMounted,DualPost U-channel Sign System

1
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1.2 Objective

The objective of thigesearchincluded an evaluation of the safety performancea of
temporary, groungnounteddualpost U-channekignsupportsystemThe system was evaluated
according to the Testevel 3 (TL-3) criteriaof MASH 2016[3].

1.3 Scope

Theresearctobjective was achieved through the completion of several tabkse fult
scale crash testvereconductednthe groundmounteddualpost U-channebkignsupportsysten
according to MASH 2016 test designatiorsri®60, 361, and 362. Next, the fultscale vehicle
crash test results were analyzed, evaluated, and documented. Conclusions and recommendations
were then made pertaining to the safety performantteegiroundmounteddualpost U-channel
signsupportsystem.
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2 DESIGN DETAILS

Thesign support test installation consisteca@fualpost U-channel sigrsupportsystem
as shown irFigures 2 through11. Photograph®f the test installation are eWwn in Figures12
through 15. Material specifications, millcertifications, and certificates of conformity for the
system materials are shownAppendix A

The same system configuration was used in all three testh pat utilized atwo-part
assemblywith a 3.0 Ib/ft (4.5 kg/m)J-channelsign support and 3.0 Ib/ft (4.5 kg/rd)channel
embedment stub attached by means of a lap splice. The lap slice condisted/afin. diameter
by 1¥zin. long (8-mm x 44mm) bolts aml nuts with &/16-in. (8-mm) diameter plain washer under
the nut and bolt head, as shown in Figlresd6. The total length of the post assembly was 170
in. (4,318 mm).The posts were spaced 30 in. (762n) apart on centerand the stubs were
embedded6 in. (914 mnpinto the ground.

This sign support systemas configured with two sign panelBhe larger48-in. x 48&in.
(1,219mm x 1,219mm) diamondshapedignwascentered between and supported by Ipoitts.
Its orientation wad5 degrees from horizontal wiits botbm cornei84 in. (2,134 mm) above the
ground as shown ifrigure5. The smaller 24n. x 24in. (610mm x 610mm) sign was centered
and supported by the left post. It wagentedhorizontaly with its bottom elge 60 in. (1,524 mm)
above the ground, as shownFigure5. The signs were connecttathe Uchannels with/16-in.
diameterby 2%%in. long (8-mm x 64mm) bolts and nts with a®1e-in. (8mm) diameter plain
washer under the nut and bolt heasl shown in Figurésand®é.
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, Test NosMOS-5 throughMOS-7

@ChannelPostand Stub Sice

Figurel5. Test Installation Photographs
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3 TEST REQUIREMENTS AND EVALUATION CRITERIA
3.1 Test Requirements

Support structures, such dschannelsign supportsimustsatigy impact safety standards
to bedeclared eligible for federal reimbursementtby Federal Highway Administration for use
on the National Highway SystemFor new hardwarethese safety standards consist of the
guidelines and procedures publishe®iASH 2016 Accordingto TL-3 of MASH 2016 support
structuresnust be subjected tbreefull-scale vehicle crash tests summarized ihablel.

Tablel. MASH 2016 TL-3 CrashTest Conditiongor Support Structures

Test Vehicle Impact Conditions
Test Desianation Test Weight, Speed, | Evaluation
Article I\?o Vehicle Ib mph rgp_?](t:t Criteria®
' (kg) (km/h) 0!
2,425 19
3-60 1100C (1.100) (30) CIA B,D,F,H,N
Support ) 2,425 62
Structures 361 1100C (1,100) (100) CIA B.D,FHLN
5,000 62
3-62 2270P (2.270) (100) CIA B,D,F,H,N

! Evaluation criteria explained ifable2.
CIA = Critical Impact Angle

Test designation nos-&0, 361, and 362 were conducted for the dyabst, Uchannel
sign support sstem. In each test, the system was contacted by the hésevat a @degree angle,
or headon to the vehicle, with the vehicle centerline aligned with the centerline of the system.
MASH notes that the CIA should be selected to represent the highest risk for the system to fail any
of the recommended evaluationteria. Since these sign supports will not typically be installed
90 degrees from the normal direction of travel, a critical impact angle between 0 and 25 degrees is
recommended. Impacting the sign systems atlegdee angle was believed to be the mostal
in terms of maximizing the potential contact area of the sign panels with the windshield and roof.

3.2 Evaluation Criteria

Evaluation criteria for fullscale vehicle crash testing are based on three appraisal areas:
(1) structural adequacy; (2) occupaisk; and (3) vehicle trajectory after collisio@riteria for
structural adequacy are intended to evaluate the ability sfghesupposd toreadily activate in a
predictable manner by breakimway, fracturing, or yieldingdccupant risk evaluateseldegree
of hazard to occupants in the impacting vehitlestimpact \ehicle trajectory is a measure of the
potential of the vehicle toesultin asecondary collision with other vehiclaadbr fixed objects
thereby increasing the risk of injuryttte occupargtof the impacting vehicle anar other vehicles
These evaluation criteria asemmarizedn Table2 and defined in greater detail MMASH 2016
The full-scale vehicle crash tesvereconducted and reported in accordance with the procedures
provided inMASH 2016

18
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In addition to the standard occupant risk measures, thellRpatt Head Deceleration
(PHD), the Theoretical Head Impact VelodfiyHIV), and the Acceleration Severity Index (ASI)
were determined and reportedldditional discussion on PHD, THIV and ASI is provided in
MASH 2016

Table2. MASH 2016 Evaluation Criteria for Support Structures

Structural | B- The test article should readily activate in a predictable manng
Adequacy breaking away, fracturing, or yielding.
D. Detached elements, fragments or other debris from the test {

should not penetrate or show potential penetrating the occupa
compartment, or present an undue hazard to other traffic, pedes
or personnel in a work zone. Deformations of, or intrusions intog
occupant compartment should not exceed limits set forth in Seg
5.2.2 and Appendix E dfIASH 2016.

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

H. Occupant Impact Velocity (OIV) (see Appendix A, Section A5.2.
MASH 2016 for calculatiorprocedure) should satisfy the followi

Occupant limits:
Risk Occupant Impact Velocity Limits
Component Preferred Maximum
Longitudinal 10 ft/s 16 ft/s
(3.0 m/s) (4.9 m/s)

l. The Occupant Ridedown Acceleration (ORA) (see Appendix
SectionA5.2.2 of MASH 2016 for calculation procedure) sho
satisfy the following limits:

Occupant Ridedown Acceleration Limits

Component Preferred Maximum
Longitudinal and Lateral 15.0 ¢ 20. 49
Postimpact | N Vehicletrajectory behind the test article is acceptable.
Vehicular
Response

3.3 Soil Strength Requirements

In accordance with Chapter 3 and Appendix B of MAZM G foundation soil strength
must be verified before any fidlcale crash testing can occur. During the installation of a soil
dependent system, W6xp6sts are installed near the impact region utilizing the same installation
proceduressthe system itself. fior to full-scale testing, a dynamic impact test must be conducted
to verify a minimum dynamic soil resistance of 7.5 kips (33.4 kN) at post deflections between 5
and 20 in. (127 and 508 mm) measured at a height of 25 in. (635 mm). If dynamic testthg near

19
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system is not desired, MASBD16 permits a static test to be conducted instead and compared
againsthe results o& previaisly established baseline test. In this situation, the soil must provide
a resistance of at least 90% of the static baselihateeflections of 5, 10, and 15 in. (127, 254,
and 381 mm). Further details can be found in Appendix B of MRGt&

20
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4 TEST CONDITIONS
4.1 Test Facility

The Outdoor Test Sités located at the Lincoln Air Park on the northwest side of the
Lincoln Municipal Airport and is approximatey miles(8.0 km) northwest of the University of
NebraskalLincoln.

4.2 Vehicle Tow and Guidance System

A reversecable tow system with a 1:2 mechanical advantage was used to propel the test
vehicle. The distance traveled and the speed of the tow vehicle wetalbribat of the test
vehicle. The test vehicle was released from the tow cable before impact wilyth®ipport
system. A digital speedometer on the tow vehicle incothgeaccuracy of the test vehicle impact
speed.

A vehicle guidance system developed by Hiflshwas used to steer the test vehicle. A
guideflag, attached tthe leftfront wheel and the guide cable, was sheared off before impact with
thesign supporsystem. Thé&-in. (9.5mm) diameter guide cable was tensioned to approximately
3,500 Ib(15.6 kN and supported both laterally and vertically evé® ft (305 m) by hinged
stanchions. The hinged stanchions stood upright while holding up the guide cable, but as the
vehicle was towed down the line, the guildg struck and knocked each stanchion toghound.

4.3 Test Vehicles

For testno. MOS-5, a2011 Dodge Ram500crew cab pickup truclkvas used as the test
vehicle Thecurb,test inertial and gross statieehicleweights wereés,3021b (2,405kg), 5,0261b
(2,280kg), and5,1911b (2,355kQ), respectively The test vehicle is shown Figuresl6and 17,
and vehicle dimensions are shownFigure 18. Note that preest photographs of the vielc | e 6 s
undercarriage are not available.

For test noMOS-6, a2009Kia Rio small carwas used as the test vehicle. The curb, test
inertial, and gross static vehicle weights w2i101b (1,139kg), 2,4201b (1,098kg), and2,584
Ib (1,172kg), respectively. The test vehicle is showrrigures 19 and20 and vehicle dimensions
are shownn Figure21.

For test noMOS-7, a2009 Kia Riosmall carwas used as the test vehicle. The curb, test
inertial, and gross static veleoweights wer@,4991b (1,134kg), 2,4351b (1,104kg), and2,593
Ib (1,176kg), respectively. The test vehicle is showrrigures22 and23, and vehiclaimensions
are shown irFigure24.

MASH 2016 requires test vehicles used in crash testing to be no more than six model years
old. Two 2009 modslwereused fortest nosMOS-6 and MOS7 because the vehicle geometry
of newer models did not comply with recommended vehicle dimension ranges specified in Table
4.1 of MASH 2016. The use of older test vehicles due to recent small car vehicle properties falling
outside of MASH P16 recommendations was allowed by FHWA and AASHTO in MASH
implementation guidance dated May of 206B [

21
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Figurel6. Test Vehicle, Test NOMOS-5

22
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.- o -
Figurel7Z.Ve hi c | edFoordoardsiet No. MOS-5
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Date: 4/9/2018 Test Name: MOS-5 VIN No: 1D7RB1CT 2BS657795

Year: 2011 Make: Dodge Model: Ram 1500

Tire Size: P275/60R20 Tire Inflation Pressure: 35 Psi Odometer: 211919

Vehicle Geometry - in. {(mm)
Target Rangesiisted beow

A R A: _771/8 (1958) B:_751/2 (1918)
7842 (1950£50)

N T C: 22914 (5823) D:_40 {1016)
237213 B0202325) 3823(1000475)

- E:_1401/4 (3562) F:_49 {1245)
= 14812 (37604300)

k

&
{
1
u

G: 29 516 (745) H: 60 116 (1526)
mirt 28(710) 6324 (15752100)

I:_131/4 {337) J:_271/2 {699)

Testinersal CG

g K:_211/2 (546) L:_301/2 (775)

M:_681/8 (1730) N:_68 {1727)
67115 (1700438) 6741.5(1700£38)

O: 451/4 (1149) P: 5 {(127)
4344 (1100275)

-x.{
lo— = —

Q:_311/2 (800) R: 211/2 (546)

~—0 E F—f

c S:_141/2 (368) T:_77 {1956)

U (impact width): 38 9/16_ (980)

Wheel Center
Gross Static LF__ 1457 (661) RF__ 1518 {689) Height(Front): _153/4  (400)
Wheel Center
LR__1106 (502} RR__1110 {503) Height (Rear): _153/4 {400}
Wheel Well
Clearance (Front):  43/4 {(121)
Weights Wheel Well
b (ka) Curb Test Inertial Gross Static Clearance (Rear): __71/8 {181)
Bottom Frame
W-front 2944  (1335) 2873 {1303} 2375 1349 Height(Front): 13 5/8 {346)
Bottom Frame
W-rear 2358 (1070) 2153 (977) 216 (1005) Height (Rear): _121/4  (311)

Mass Distribution b (kg)

W-total 5302  (2405) 5026 (2280) 5191 (2355) Engine Type: Gasoline
50002110 2270+ 50) 51852110 (23432 50)

Engine Size: ___ 57Iv8
GVWR Ratings b Surrogate Occupant Data Transmission Type: Automatic

Front 3700 Type: Hybrid Il Drive Type: RWD

Rear 3900 Mass: 165 Ib Cab Style: CrewCab

Total 6800 Seat Position: Passenger Bed Length: 67"

Note any damage prior to test: Small hail dents is surface of hood. Dent in surface of roof.

Figure18. Vehicle Dimensions, B No.MOS-5
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Figurel9. Test Vehicle, Test N0MOS-6
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Intezidr Flaotb@a@sand Undercarriadest NoMOS-6
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Date: 6/12/2018
Year: 2009
Tire Size: 185/65R14

Test Name:

Make:

Tire Inflation Pressure:

VIN No: KNADE223296512340
Model: Rio
Odometer: 138093

Vehicle Geometry - in. {(mm)

Target Rangesiisted beow

A: 661/4 (1683) B: 571/2 (1461)
6523 (1650275)
C:_ 16658 (4232) D:_351/4 {8395)
16948 (£300£200) 3544 (9002 100)
E: 981/2 (2502) F: 361/2 (927)
845 (25004 125)
G:22 3/4 (578) H: 36 1/8 (318)
3924 (9902 100)
I:_16 {406) J:_20 {508)
K: 151/2 (334) b= 21 (533)
M:_573/4 (1467) N:_571/2 {1461)
5612 (1425250) 5842 (1425150)
O: 273/4 (705) P: 418 (105)
2434 (6004100)

Q:_231/4 (591) R:_153/8 (391)

S 9 (229) T: 653/4 (1670)
U (impact width): _617/8 (1572)
Top of radiator core

support: 27 (686)

Wheel Center

Height(Front): _103/4  (273)

Wheel Center

Height (Rear): 11 1/8 (283)

Wheel Well

Clearance (Front): 251/4 (641)

Wheel Well

Clearance (Rear): 247/8 {632)

Bottom Frame

Height(Front): _ 63/4 {171)

Bottom Frame

Height (Rear):  91/4 (235)

Note any damage prior to test:

Engine Type:

Gasoline

Test inertial CG
Q-
R -L—
P -
id™ 8
i AN | G
o 1 \ (D)o G)— L1
i K S K 4
? . [ r
=—D E F—
Cc
Mass Distribution b (kg)
Gross Static LF 835 {378) RF__ 781 {354)
LR 442 {(200) RR__ 526 (239)
Weights
b (ka) Curb Test Inertial Gross Static
W-front 1578 (716) 1532 {695) 1616 {733)
W-rear 932 {423) 888 (403) 968 (439)
W-total 2510 (1139) 2420 (1098) 2584 (1172)
2420155 (1100225) 2585155 (1175250)
GVWR Ratings b Surrogate Occupant Data
Front 1918 Type: Hybrid Il
Rear 1874 Mass: 164 Ib
Total 3638 Seat Position: Right/Passenger

None

Engine Size: 1.4L 4cyl
Transmission Type: Automatic

Drive Type: FWD

Figure21. Vehicle Dimensions, Test NMOS-6
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Figure22. Test Vehicle, Test N0MOS-7
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and Underc
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Date: 6/28/2019 Test Name: MOS-7 VIN No: KNADE223896580563
Year: 2009 Make: Kia Model: Rio
Tire Size: 185/65 R14 Tire Inflation Pressure: 32 psi Odometer: 269054
Vehicle Geometry - in. (mm)
Target Ranges listed below
A: 663/8 (1686) B: 581/4  (1480)
653 (1650£75)
T
C: 167 (4242) D: 341/2 (876)
1698 (4300+200) 354 (900+100)
E: 981/2 (2502) F: 313/4 (806)
— 98+5 (2500+125)
G: 2213/16  (579) H: 3515/16 (913)
394 (990+100)
I: 151/2 (394) J: 21 (533)
K: 16 (406) L: 221/2 (572)
B
& M: 573/8 (1457) N: 573/8 (1457)
K |; 562 (1425+50) 562 (1425+50)
f 1 * * O: 2712 (699) P: 11/4 (32
H 244 (600+100)
—=—D E F— Q: 223/4 (578) R: 153/8 (391)
C
S: 12 (305) T: 651/8 (1654)
U (impact width): 30 5/8 (778)
Mass Distribution - Ib (kg)
Top of radiator core
Gross Static LF 820 (372) RF 803 (364) support: 28 (711)
Wheel Center
LR 475 (215) RR__ 495 (225) Height (Front): 10 3/4 (273)
Wheel Center
Height (Rear): 11 1/8 (283)
Weights Wheel Well
Ib (kg) Curb Test Inertial Gross Static Clearance (Front): 251/2 (648)
Wheel Well
W-front 1606 (728) 1547 (702) 1623 (736) Clearance (Rear): 25 5/8 (651)
Bottom Frame
W-rear 893 (405) 888 (403) 970 (440) Height (Front): 7 1/8 (181)
Bottom Frame
W-total 2499 (1134) 2435 (1104) 2593 (1176) Height (Rear): 11 (279)
242055 (1100£25) 258555 (1175£50)
Engine Type: Gasoline
GVWR Ratings Ib Surrogate Occupant Data Engine Size: 1.6L 4 Cyl
Front 1918 Type: Hybrid 1l Transmission Type: Automatic
Rear 1874 Mass: 158 Ib Drive Type: FWD
Total 3638 Seat Position: Right/Passenger
Note any damage prior to test: None

Figure24. Vehicle Dimensions, Test NMOS-7
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The longitwinal component of theenter of gravity.g) for all vehicleswas determined
using the measured axieeights The Suspension Methdd] was used to determine the vertical
component of the c.g. for ti&270Ppickup truck This method is based on the principle that the
c.g. of any freely suspended body is in the vertical ptar@ugh the point of suspensiofihe
vehicle was suspended successively in three positions, and the respective planes containing the
c.g. were establishe@he intersection of these planes pinpointeditied c.g.locationfor the test
inertial condition The vertical component of the c.g. for the 1100C vehialas determined
utilizing a procedure published by SAB][The final c.g.locationsare shown in Figure25
through27. Datausedto calculate the location dhe c.g. and ballast informaticare shown in
Appendix B

Square blackandwhite checkered targets were placed on the veficds shown in
Figures25through27, to serve as reference pointghe highspeed digital video arald invideo
analysisRound, checkered targets were plaagtiec.g.on the leftside doorthe rightside door,
and theroof of the vehicle

The front wheels of the test vehisleere alignedo vehicle standards except ttoe-in
valuewas adjusted teerosuchthatthe vehicles would track properly along the guide cabEB
flash bulb vasmountedunderthe vehicle sght-side windshieldviper for test nosMOS-5 and
MOS-6 and the lefiside windshield wiper for test nMOS-7, andwas fired by a pressure tape
switch mounted aheright quarter poinof thefront bumper. The flash bulb was fireghoninitial
impact with the test article to create a visual indicator of the precise time of iop#woe high
speeddigital videos A radio-controlled brake system was installedeiachtest vehicle so the
vehicle could be brought safely to a stop aftertéise
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Date: 4/9/2019 Test Name: MOS-5 VIN: 1D7RB1CT2BS657795
Year: 2011 Make: Dodge Model: Ram 1500

A B C

Test Inertial CG

TARGET GEOMETRY-- in. (mm)
A: 65 78 (1673)  E: 57 5/8 (1464) J: 391316  (1011)

B: 33 (838) F: 57 5/8 (1464) K: 29 1/16 (738)

Cc: 71 5/8 (1819) G: 34 3/4 (883) L: 32 5/8 (829)

D: 37 1/2 (953) H: 60 1/16 (1526) M: 65 3/4 (1670)
1. 81 (2057)

Figure25. Target Geometry, Test NMOS-5
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Date: 6/12/2019 Test Name: MOS-6 VIN: KNADE223296512940
Year: 2009 Make: Kia Model: Rio

-~ B—=C|l~—D— E F —=i

/]

Test Inertial CG

@

[—— =

TARGET GEOMETRY-- in. (mm)
A: 22 3/8 (568) F- 221516  (583) K. 48 718  (1241)

Windshied Tamet

B: 45 12  (1156) G: 36 1/8 (918) L. 52 112 (1334)

Front mund O tang et

c: 13 (330) H 23 7116 (595) M: 29 1/8 (740)

D: 31 5/8 (803)

62 114  (1581) N 52 7116  (1332)

Rerar Round target

E: 18 1/8 (460) J: 29 1/4 (743)

Figure26. Target Geometry, Test NMOS-6
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Figure27. Target Geometry, Test NMOS-7
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