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1 INTRODUCTION
1.1 Background

Long-span guardrail systems have been recognized as an effective mesmsldihg
low-fill culverts. These designs are popular due to their ability to safely shield the cwiiet
creating minimal construction effort and limiting culvert damage and repair when compared to
other systems requiring post attachment to theofdajme culvert. However, previous losgpan
designs were limited by the need to use long sections of nested guardrail to preveptural ru
and the need to providarge lateral offsets between the barrier and the culvert headwall. The
MGS longspan guatrail, as shown ifrigurel, eliminated those two shortcomings by applying
the benefits of the Midwest Guardrail System to a {spgn design. The MGS lofgpansystem
allowed for increased vehicle capture and stability through increased rail height, limited the
potential for pocketing and wheel snag through the use of CRT posts adjacent to the unsupported
span, and greatly increased the tensile capacity of the milghrthemovement of splices away
from posts and the use of shallower post embedment. These features allowed the system to be
developed without the use of nested guardrail and with rediatedhl barrier offset, which
places the back of the guardrail ot line with the front face of the culvert headwall.

In a previousresearch studgonducted by MwRSF1}2], two full-scale crash tests were
conducted on the MGS lorgpansystemaccording to thelTest Level 3 TL-3) Manual for
Assessing Safety HardwadASH) requirements for test designation nelB[1]. The first test,
test no. LSEGL, was designed to evaluate the structural capacity of the system by selecting a
critical impact point (CIP)Yhat maximized the gential for pocketing, wheel snag, and rail
rupture. In test no. LSQ@, a 4,991b (2,264-kg) pickup truck impacted the MGS lorgpan
system8.2 ft (2.5 m) downstreanfrom post no. 13 at a speed of 62.4 n{ft80.4 km/h)and an

angle of 24.8 degrees, ancethehicle was safely redirected. A second test, test no-24,.9@s
1



April 7,2017
MWwRSF Report NoTRP-03-339-17

conducted to evaluate the potential for vehicle instability by selecting a CIP that maximized the
vehicle extension over the culvert as well asitheraction of the leffront wheel of he pickup

truck with the wing wall of the culvert. In test no. L&Ca 4,984b (2,261-kg) pickup truck

impacted the MGS longpansystem 41.2t (12.6 m) upstreanof post no. 14 at a speed of 61.9

mph (99.6 km/h)and an angle of 24.9 degrees, and theclehvas safely redirected. The MGS
longspan guardrail és ability to perform safely

made this new barrier a very functional and safe option for protection dfll@wlverts.

| ST : A S VL ¢ S POy STk T
Figurel. MGS Long Span System with 26(7.6-m) Span Length

The use of unsupported lengths longer than 2%7#6 m) was not recommended
following the original researclproject without further analysis and fidtale crash testing.
However, the excellemerformance of th&1GS longspan system in the fudicale crash testing
program suggestithat longer span lengths mhgvebeen possible with the current design.a
previous research studymducted by MwWRSF, the MGS lorgpan system was investigated
usng LSDYNA analysisfor span lengths of 31%a ft, 37% ft, 43% ft, and 50 ft (9.5 m, 11.4 m,
13.3 m, and 15.2 mB3{4]. The increased span lengths were developed by removinglere in
steel post and shifting the three CRT posts. Thangeensured that three CRT posts remained

adjacent to the unsupported length on either .sifleis research study determined that

2
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simulations of the 28t, 31%4ft, and 37%ft (7.6-m, 9.5m, and 11.4m) span lengths suggested
successful performance of these barriers at the3 Téonditions. There were no vehicle
instabilities associated with thespan lengthsand the guardrail forces throughout the barrier
was comparable and well within acceptable force ranghse. maximum barrier deflections
recordel for the 25ft, 31%ft, and 37%ft (7.6m, 9.5m, and 11.4m) span systems were
moderate and weblelow the theoretical maximum deflection threshold of 96.(Rid438 mm).

In the previous research study, CRVbod posts were utilizedirectly upstream and
downstream from the long spaB4]. Full-scale crash testing has shown that the placement of
CRT posts adjacent to the unsupporsgghn functioned well in reducing wheel snag and
pocketing b-7]. At the 2014 Midwest States Pooled FuRdr o g r ammoél sneeting, the
sponsors determined that the 3ft49.5-m) MGS longspan guardrail system @hld undergo
full-scale crash testing with Universal Breakaway Steel Posts (UBSP) in lieu of the existing CRT
wood posts. Component testio§ UBSPs indicated that there sva strong potential for these
posts to be utilized in certain CRT post applicatid@jsHowever, itwas recommended thahy
guardrail system that magnplement the UBSRhould be subjected fall-scalevehicle crash
testing. Several statexpressed a desite implement guardrail systems composed enticd|
nonproprietary steel postsince the prgerties of wood posts vary due to knots, checks, splits,
as well as inspection andrading In addition, chemicalireated wood posts haveeen
identified by some Departments of Transportation as harmful to the envirgnaiech often
requires special casideration during disposal. Thus, this report wlikcuss the results and
findings of two fullscale crash tests conductedtbe MGS longspan system with a span length

of 31% ft(9.5 m)andUBSPs adjacent to the long span in lieu of the CRT vpmsds
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1.2 Research Objectives

The objective of this research effosas to design and evaluate the MG&gspan
systemfor use with unsupported spans greater than 25 ft (7.& erdccomplish thigoal a span
length of 31 ft- 3 in. (9.5 m) was evaluated with twiall-scale crash test§he increased
unsupported spafength was to beconfiguredto meet the TE3 safety criteria set forth in
MASH.
1.3 Research Scope

Two full-scale crash testwereconducted on the MGS lorgpan systemBoth crash
tess, MASH testdesignation no.-31, utilized pickup truckweighing approximately 5,000 Ib
(2,268 kg). The target impact conditions for the test were a speed of 62 mph (100 km/h) and an
angle of 25 degree3hefirst test was conducted to evaluate the potential forclelmstability
by selecting aritical impact point CIP) that maximizedsehicle extension over the culvert and
the potential forinteraction of the front wheel of the pickup truck with the wing wall of the
culvert. The second test was designed to eveluae structural capacity of the system by
utilizing a CIP that would maximize the potential for pocketing, wheel snag, and rail rupture.

After the tests were conductedtie test results were analyzed, evaluated, and documented.
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2 TEST REQUIREMENTS AND EVALUATION CRITERIA
2.1 Test Requirements
Longitudinalbarriers, such as Weamguardrails must satisfy impact safety standanas
order to bedeclared eligible for federal reimbursementtbg Feleral Highway Administration
(FHWA) for use onthe National Highway System (NHS}or new hardwarethese safety
standards consist of the guidelines and procedures published in MASkt¢¢ording toTL-3 of
MASH, longitudinal barrier systemsust be subjected tiwvo full-scale vehicle crash testas

summarized iMablel.

Tablel. MASH TL-3 Crash Test Conditionfer Longitudinal Barriers

Test Vehicle Impact Conditions
Test Desianation| . 1€St Weight, ™ Speed, Evaluation
Article I\?o Vehicle Ib mph Angle, Criteria’
| kg) | kmmy | 9€9
2,425 62
Longitudinal | 19 1100 | (1'100) | (100) 25 AD.FH,|
Barrier 5,000 62
311 2270P (2.268) (100) 25 A,D,F.H,I

1 Evaluation criteria explained ifable2.

It was determined that two fuicale crash tests would be required in order to evaluate
the MGS long span system with an increased unsupported span Temgihickup truck testest
designation no.-31, was deemed more critical of the twehiclesas the more massive truck
would induce much higher rail loads and system deflections, thus yielding the highest potential
for structural failure of the system and/or vehicle instabilifieso full-scale crash tests under
test designation no.-B1 were proposed to evaluate the two critical impact points (CIPs) of the
barrier system. The first test was conducted to evaluate the potential for vehicle instability by

selecting a CIP that maxingd vehicle extension over the culvert and the potential for

5
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interaction of the front wheel of the pickup truck with the wing wall of the culvert. The second
test was designed to evaluate the structural capacity of the system by utilizing a CIP that would
maximize the potential for pocketing, wheel snag, and rail rupture.

Previous research suggested that1h@0C small car impagttest designation no.-B10,
was not as critical for evaluation of the MGS long span system with increased sparatehgth
was omited for the evaluatialW-beam barriers struck by small cars have been shown to meet
safety performance standards, being essentially rigddl§), with no significant potential for
occupant risk problems arising from vehicle pocketing or severe wheel snagging on tbe post
culvert at the davnstream end of thansupported sparAdditionally, the MGS has previously
been successfully tested fire rates as high as 5:1 with the 820C vehicle unde8,Tithich
resulted in an equivalent impact angle for the small car vehicle 8fdg@breeq17). The MGS
was also fullscale crash tested and evaluated under MASEB Tlith the 1100C vehicle with
top rail mounting heights of 34 in. (864 mm) aB€ in. (914 mm)(18). The capture and
redirection of the small car in thetests would suggest that capture of the 1100C vehicle was
unlikely to be aconcern witln the unsupported span used in the MGS long span system.

It should be noted that the test matri X
engineering judgement with respect to the MASH safety requirements and their internal
evaluation of criticaltests necessary to evaluate the crashworthiness of the barrier system.
However, the recent switch to new vehicle types as part of the implementation of the MASH
criteria and the lack of experience and knowledge with certain barriers could result in
unanttipated barrier performanc&hus, any tests within the evaluation matrix deemed non
critical may eventually need to be evaluated based on additional knowledge gained over time or

revisions to the MASH criteria.
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2.2 Evaluation Criteria

Evaluation criteria fofull-scale vehicle crash testing are based on three appaeese.:

(1) structural adequacy?) occupant riskand (3) vehicle trajectory after collisio@riteria for
structural adequacy are intended to evaluate the ability ofubedrailto contain ad redirect
impacting vehiclesIn addition, controlled lateral deflection of the test article is acceptable.
Occupant risk evaluates the degree of hazard to occupants in the impacting Pelsigrapact
vehicle trajectory is a measure of the potentfaihe vehicle toresultin a secondary collision
with other vehiclesaindbr fixed objectsthereby increasing the risk of injury to the occupaft

the impacting vehicle anor other vehiclesThese evaluation criteria asemmarizedn Table2

and defined in greater detail MASH. The full-scale vehicle crash test was conducted and
reported in accordance with the procedures provid&dASH.

In addition to the standa occupant risk measures, the Plogpact Head Deceleration
(PHD), the Theoretical Head Impact Velocity (THIV), and the Acceleration Severity Index (ASI)
were determined and reported on the test summary. gkaghitional discussion on PHD, THLV
and ASl is provided iMASH.

2.3 Soil Strength Requirements

In accordance with Chapter 3 and Appendix B of MASH, foundation soil strength must
be verified before any fulicale crash testing can occur. During the installation of a sail
dependent system, addital W6x16 (W152x23.8) postsereinstalled near the impact region
utilizing the same installation proceduiesthe system itself. Prior to fuicale testing, dynamic
impact teshg wasconducted to verify a minimum dynamic soil resistance of 7.5 8Bs(kN)
at post deflections between 5 and 20 in. (127 and 508 megsured at a height of 25 in. (635
mm) from the groundine. If dynamic testing near the system is not desired, MASH permits a

static test to be conducted instead and compared aglagrgtsults ofa previasly established
7
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baseline test. In this situation, the soil must provide a resistance of at |@&st&0f the static
baseline test at deflections of 5, 10, and 15 in. (127, 254, and 381 mm). Further details can be

found in Appendi B of MASH.
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Table2. MASH Evaluation Criteria fot.ongitudinal Barries

Structural
Adequacy

A.

Test article should contain and redirect the vehicle or bring
vehicle to a controlled stop; the vehicle should not penet
underride, or override the installation although controlled laf
deflection of the test article is acceptable.

Occupant
Risk

Detached elements, fragments or other debris from the test :
should not penetrate or show potential for penetratiegotitupant
compartment, or present an undue hazard to other tr
pedestrians, or personnel in a work zone. Deformations o
intrusions into, the occupant compartment should not exceed
set forth in Section 5.3 and Appendix ENASH.

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

Occupant Impact Velogit(OIV) (see Appendix A, Section A5.3
MASH for calculation procedure) should satisfy the follow
limits:

Occupant Impact Velocity Limits

Component Preferred Maximum
_— 30 ft/s 40 ft/s
Longitudinal and Lateral 9.1 m/s) (12.2 m/s)

The Occupant Ridedown Acceleration (®R(see Appendix A
Section A5.3 oMASH for calculation procedure) should satisfy f{
following limits:

Occupant Ridedown Acceleration Limits

Component Preferred Maximum

Longitudinal and Lateral 15. 0 ¢ 20. 49
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3 TEST CONDITIONS
3.1 Test Facility

The testing facility is located at the Lincoln Air Park on the northwest side of the Lincoln
Municipal Airport and is appramately 5 miles (8.0 km) northwest of the University of
Nebraskalincoln city campus
3.2Vehicle Tow and Guidance System

A reversecable tow system with a 1:2 mechanical advantage was used to propel the test
vehicle. The distance traveleand the speed of the tow vehicle were-bal thoseof 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 increldbe accuracy of the test vehicle impgoeed.

A vehicle guidance system developed by Hifit®] was used to steer the test vehicle. A
guideflag, attached to thaght-front wheel and the guide cable, was sheared off before impact
with the barrier system. Thd-in. (9.5mm) diameter gide cable was tensioned to
approximately3,500 1b(15.6 kN and supported both laterally and vertically evedp ft (305
m) by hinged stanchions. The hinged stanchions stood upright while holding up the guide cable,
but as the vehicle was towed down time, the guiddlag struck and knocked each stanchion to
the ground.
3.3Test Vehicle

For testno. MGSLS 1, a2007 Dodge Ramvas used as the test vehiclée curb, test
inertial, and gross statigehicleweights weres,1991b (2,358kg), 4,9551b (2,248kg), and5,120
Ib (2,322 kg), respectively The test vehicle is shown igigure 2, and vehicle dimensions are
shown inFigure3.

For test noMGSLS2, a2008 Dodge Ram was used as the test vehicle. The curb, test

inertial, and gross static vehicle weights we@68)b (2,297kg), 49121Ib (2,228kg), and )78
10
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Ib (2,303 kg), respectively. The test vehicle is shownFigure 4, and vehicle dimensions are
shown inFigureb.

The longitudinal component of theenter of gravity €.g) was determined using the
measured axle weightfhe Suspension Metho®2(] was used to determine the vertical
component of the c.g. for the pickup truck. This method is based on the principle that the c.g. of
any freely suspended body is in the vertical plane through the point of suspension. The vehicle
was suspendksuccessively in three positions, and the respective planes containing the c.g. were
established. The intersection of these planes pinpointed the final c.g. location for the test inertial
condition. The vertical component of the c.g. for the 2270P vehiake determined utilizing a
procedure published bihe Society of Automotive EngineerSAE) [21]. The location of the
final c.g.for test no. MGSLSL is shown in Figure and for test no. MGSLS is shown in
Figure5. Data used to calculate the locasaf the c.g. and ballast informatidar both testsare
shown inAppendix B

Square, blacland whitecheckered targets were placed on the vehiclecfierence to be
viewed from the higtspeed digital video cameras and aid in the video analysis, as shown in
Figures6 and 7. Round, checkered targets were placed on the center of gravity on thiddeft
door, the rightside door, and the roof of the velscl

The front wheels of the test vehicle were aligned to vehicle standards, exceptitihe toe
value was adjusted to zeso that the vehicles would track properly along the guide cable. A 5B
flash bulb was mounted on the left sidelofd vehi cl eds dash and was
switch mounted at the impact corner of the bumper. The flash bulb was fired upon initial impact
with the test article to create a visual indicator of the precise time of impact on thepbeh
videos. Aremotecontrolled brake system was installed in the test vehicle, so the vehicle could

be brought safely to a stop after the test.
11
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Note any damage prior to test

Front bumper fascia cracked, dent and scrape on front passenger fender.

Date: 5/15/2015 Test Number: MGSLS-1 Model: Ram 1500
Make: Dodge Vehicle I.D.#: 1d7hal8237a275359
Tire Size: 265/70/R17 Year: 2007 Odometer: 205261
Tire Inflation Pressure: 35
*(All Measurements Refer to Impacting Side)
r \— I _l' Vehicle Geometry -- in. (mm)
£ Wheel Vheal o a 78 (1981) b 751/2 (1918)
Track Track
_l_ /; - J c 228 (5791) d 47 (1194)
[I— L—J e 1403/8 (3566) f 405/8 (1032)
Test Inertial CM. g 2823 (728) h 598/9 (1521)
q —}—TiRe Dia i 14 (356) j 2712  (699)
E " WHEEL Dia k 2114 (540) | 295/8 (752)
@ m ﬁp m_681/8  (1730) n_68 (1727)
b E O M O\ . o o 451/2  (1156) p 4 (102)
| ] /) B l q 32U4  (819) r 18172  (470)
. f s 161/4  (413) t 751/4 (1911)
Wheel Center Height Front 15 (381)
: vwmw : Wanv T Wheel Center Height Rear 151/8  (384)
c Wheel Well Clearance (F, 353/4 (908)
Mass Distribution Ib- (kg) Wheel Well Clearance (R 39 (991)
Gross Static LF 1502  (681) RF 1439 (653) Frame Height (F) 18 1/4  (464)
LR 1072 (486) RR 1107 (502) Frame Height (R) 26 1/4  (667)
Engine Type V8 Gasoline
Weights
Ib (kg) Curb Test Inertial Gross Static Engine Size 5.7L
W-front 2954 (1340) 2841 (1289) 2941 (1334) Transmission Type: Automatic
\W-rear 2245 (1018) 2114 (959) 2179 (988) Drive Type: RWD
W-total 5199 (2358) 4955 (2248) 5120 (2322)
GVWR Ratings Dummy Data
Front 3700 Ib Type: Hybrid Il
Rear 3900 Ib Mass: 165 Ib
Total 6700 Ib Seat Position: Driver

Figure3. Vehicle Dimensions, Testd&NMGSLS-1

13
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Figure4. Test Vehicle, Test N(MS "

14
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Note any damage prior to test:

Date: 6/30/2015 Test Number: MGSLS-2 Model: RAM 1500
Make: Dodge Vehicle LD.#: 1d7ha18218j27749
Tire Size: 275/60R20 Year: 2008 Odometer: 158553
Tire Inflation Pressure: 35
*(All Measurements Refer to Impacting Side)
]  N— I Vehicle Geometry - in. (mm)
n "
t Wheel Wheel o a 78 (1981) b 76 (1930)
Track Track
¢ 22738 (5775) d 481/8 (1222)
L 1 — e 14014  (3562) f 39 (991)
Test Inertial CM. g 29283 (754) h_ 6014  (1530)
Q ——l—11rRe D1 i 13 (330) j 291/8 (740)
Co T L. A k 2138 (543) 1 3014 (768)
—{f—p
m 681/8  (1730) n 681/8 (1730)
s a- i
g & o 4718  (1197) p 314 (83)
3 s
K : ) l q U4 (819  r 2112 (546)
i i
f s 16172 (419) t 753/8 (1915)
h
Wheel Center Height Front 1514 (387)
o e £ —=
Wheel Center Height Rear 153/4  (400)
vwreor wFronv
c Wheel Well Clearance (F) 365/8  (930)
Mass Distribution b (kg) Wheel Well Clearance (R) 39 1/8  (994)
Gross Static LF 1478  (670) RF 1423 (645) Frame Height (F) 20 (508)
LR 1099  (498) RR 1078 (489) Frame Height (R) 26 1/4  (667)
Engine Type Gasoline
Weights
Ib (kg) Curb Test Inertial Gross Static Engine Size 5.7L V8
W-front 2900  (1315) 2802 (1271) 2901 (1316) Transmission Type: Automatic
W-rear 2164  (982) 2110 (957) 2177 (987) Drive Type: RWD
W-total 5064  (2297) 4912 (2228) 5078 (2303)
GVWR Ratings Dummy Data
Front 3700 Ibs Type: Hybrid 11
Rear 3900 Ibs Mass: 166 Ibs
Total 6700 Ibs Seat Position: Driver

Passenger side rear door and rocker panel scrape and dent.

Figure5. Vehicle Dimensions, Test NMGSLS-2
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TEST #: MGSLS-1
TARGET GEOMETRY-- in. (mm)

A 741/8 (1883) E 64 (1626) 1 397/8 (1013)
B 108 (2743) F 3512 (902) J 2858 (727)
C 48 (1219) G 5978 (1521) K 431/8 (1095)
D 64 (1626) H 8012 (2045) L 655/8 (1667)

Figure6. Target Geometry, Test NBIGSLS 1
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TEST #: MGSLS-2
TARGET GEOMETRY-- in. (mm)
A T741/8 (1883) E 64 (1626) I 411/8 (1045)
B 112172 (2858) F  353/4 (908) J 2958 (752)
C S (1321) G 601/4 (1530) K 431/4 (1099)
D 64 (1626) H 801/8 (2035) L 665/8 (1692)

Figure7. Target Geometry,

Test NMGSLS2
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3.4 Simulated Occupant
For test ne. MGSLS-1 andMGSLS-2, a Hybrid Il 50"-Percentile, Adult Male Dummy,
equipped with clothing and footwear, was placed in theflefit seat of the test vehicle with the

seat belt fastened. The dummy, which had a final weight of 165 Ib (#rkigst no. MGSLSL

and 166 Ib (75 kg) for test no. MGSIZ was represented by model no. 572, serial no. 451, and

was manufactured by Android Systems of Carson, California. As recommended by MASH, the

dummy was not included in calculating the. dogation.
3.5 Data Acquisition Systems

3.5.1Accelerometers

For each testwo environmental shock and vibration sensor/recorder systeane used
to measure the accelerations in the longitudinakrddt and vertical direction®Both of the
accelerometers were mounted near the ceottegravity of the test vehicleThe electronic
accelerometer data obtained in dynamic testing was filtered th@rgAE Class 60 and the SAE

Class 180 Butterworth filterconforming to SAE J211/1 speaéitions R2).

The SLICE1 and SLICE2 unitsweremodular data acquisition systems manufactured by

Diversified Technical Systems, Inc. (DT8) Seal Beach, Califora. The acceleration ssors
were mounted inside the body a custombuilt SLICE 6DX event dataecorderand recorded
data at 10,000 Hz to the onboard microprocesgwe SLICE 6DX was configured with 7 GB of
nonvol atile fl ash me moarsgmple mte of 40)0§0Hz,cafidl,6NGHY 0
(CFC 1000) antaliasing filterThe A ®BAF EB comput er asdatustenazede
Microsoft Excel worksheet were used to analyae plot the accelerometer data.

3.5.2Rate Transducers

For each testtwo identicalangle rate sensor systemmounted inside the bk of the

SLICE-1 and SLICE2 event dataecorders weresed to measure the rates of rotation of the test

18
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vehicle. EaclSLICE MICRO Triax ARShada range of 1,500 degrees/sec in each of the three
directions (roll, pitch, and yawgndrecorded data at 10,000 Hz to the onboard microprocessor
The raw data measurements were then downloaded, converted to the proper Euler angles for
analysis, and plotted T he ASLI CEWar eo computer softwar e
Microsoft Excel worksheet were used to analyze and plot the angular rate sensor data.

3.5.3Retroreflective Optic Speed Trap

The retroreflective optic speed trap was used torate the speed of the bogie vehicle
before impactFive retroreflective targetsspaced at approximatehs-in. (457#mm) intervals
were applied to the side of the vehicWhen the emitted beam of light wasflected by the
targets andeturned to the Eitier/Receiver, a signal was sent to the data acquisition computer
recording atLl0,000 Hz as well as thexternal LED boxactivating the LED flashe§he speed
was then calculated using the spacing betweenetinereflective targetand the time between
the signalsLED lights and higkspeed digital video analysis are only used as a backup in the
event that vehicle speeds cannot be determined from the electronic data.

3.5.4Load Cells and String Potentiometers

Load cells were installedt the upstream and downstream anchors for tesMGSLS 1
and MGSLS-2. The load cells were Transducer Techniques model no-50K with a load
range up to 50 kips (222 kN). String potiometers were also attached to the systemheat
upstream ath downstream anchors for both testhe string potentiometers wetinimeasure
model no. PA50-70124 with a displacement range up to 50 in. (127 cm). During testing, output
voltage signals weresent from the transducers to a National InstrumentsG@TZLE data
acquisition board, acquired with LabView software, and stored on a personal computer at a
sample rate of 10,000 Hz. The positioning and set up of the transducers ard@hoeth tests

in Appendix G
19
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3.5.5Digital Photography

Five AOS highspeed digital video camerasght GoPro digital video cameras, afalir
JVC digital video camerawere utilized tdilm test no.MGSLS-1. However, three of the GoPro
digital video cameras were not turned on for the test and did not recadnitera details,
camera operatingpeedslens information, an@ schematic of the camera locatiomrdative to
the system arshown inFigure9.

For test noMGSLS 2, five AOS highspeed digital video cameras, sev@oPro digital
video cameras, and fodvC digital video camerasere usedCamera details, camera operating
speedslens information, ancg schematic of the cameradationsrelative to the system are
shown inFigurel0.

The high-speed videos were analyzed using ImageExpress MotionPlus and RedLake
MotionScope software programs. Actual camera speed and camera divergence factors were
considered in the analysis of the higfieed videosA Nikon D50digital still camera was usdd

document preand postest conditions for bottests.

20
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N

110 [33.5 m]

296'-1" [90.3 m]

Pk
l-—350"-2" [15.3 m]—l
82'-7" [25.2 m]
26'-9" [8.2 m] 72'-g" [22.1 m]
— ‘ —E'-w' [4.2 m] GP #6 Onboard
NC #4 NC 3
L cP #3 9'=7" [2.9 m]
175" [5.3 m] [ GP #4
l gl|10 1112 13 1415 16 17 18 18 20 21 22 23 24 25
Ne ;16 15 47 mid DS g N4
GP §7
GP #9
HEIGHT: 65'7" [20.0 m]

No. Type O?f? ;?nt'gg,fe‘ged Lens Lens Setting
AOS-1 AOS Vitcam CTM 500 Nikkor 20mm Fixed o)
AOS-5 AOS X-PRI Gigabit 500 Vivitar 135mm Fixed 0
AOS-6 AOS X-PRI Gigabit 500 Sigma 2870mm 50
AOS-8 AOS SVIT 1531 500 Sigma 2870mm DG 28
AOS-9 AOS TRFIVIT 2236 1000 Kowa 12mm 0

GP-3 GoPro Hero 3+ 120
GP-4 GoPro Hero 3+ 120
GP-6 GoPro Hero 3+ 120
GP-7 GoPro Hero 4 240
GP-9 GoPro Hero 4 120
JVC-1 JVCi GZ-MC500 (Everio) 29.97
JVC-2 JVCi GZ-MG27u (Everio) 29.97
JVC-3 JVCi GZ-MG27u (Everio) 29.97
JVC4 JVCi GZ-MG27u (Everio) 29.97

Figure9. Camerd.ocations, Speedsand LensSettings Test NOMGSLS 1
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38'—

3" [11.7 m]—

A0S #1
Ve #1

1%

96'-1" [29.3 m]

12'-3" [3.7 m]

Mor #7

92'-3" [28.1 m]

9'-9" [3.0 m]

I
A0S #8 ”

NC #£3

|t

11"-1" [3.4 m]

GP #4

269°'-11" [82.3 m]

1 -48'-10" [14.9 m]
GP #3 Onboard

12'=11" [3.9 m]

GP #9
6P #10
Height 63'-8"
[19.4 m]
114'=10" [35.0 m]—=t=—76"—3" [23.2 m]—=]|
No. Type O?ﬁ;ﬁ'gglsse%ed Lens Lens Setting
AOS-1 AQOS Vitcam 500 Nikkor 20mm Fixed o]
AOS5 AOS X-PRI 500 Vivitar 135mm Fixed o]
AOS-6 AOS X-PRI 500 Sigma 2870mm 50
AOS-8 AOS SVIT 1531 500 Sigma 2870mm DG 28
AOS9 AOS TRIVIT 2236 1000 Kowa 12mm o]
GP-3 GoPro Hero 3+ 120
GP-4 GoPro Hero 3+ 120
GP-5 GoPro Hero 3+ 120
GP-6 GoPro Hero 3+ 120
GP-7 GoPro Hero 4 240
GP-9 GoPro Hero 4 120
GP-10 GoProHero 4 240
JVC-1 JVCi GZ-MC500 (Everio) 29.97
JVC-2 JVCi GZ-MG27u (Everio) 29.97
JVGC-3 JVCi GZ-MG27u (Everio) 29.97
JVC-4 JVCi GZ-MG27u (Everio) 29.97

Figure10. Camera Locations, Speeds, and Lens Settings, TeMGBSLS-2
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4 DESIGN DETAILS TEST NOS. MGSLS-1 AND MGSLS-2

The test installation for the MGS lorspan systeswas composed of 175 ft (53.3 m) of
standard Wbeam guardrail supported by breakaway cable terminal (BCT) tipdst$ standard
steelline posts,universal breakaway steel posts (UBERNnda simulatecconcrete culvertith
wingwalls All posts were spaced at 75 in. (1,905 mm) on center, except for a sinfjl8-Bi
(9.5-m) span located near the center of the guardrail installation, vepahnedhe simulated
concrete culvertThe only dissimilarity between test ro MGSLS1 and MGSLS2 was the
impact location. The tedayout for test no. MGSLS is shown inFigure 11, while the test
layout fa test no. MGSLE is shown inFigure12. Otherwiseall remainingdesign details for
both testsareidentical and arshown in Figured 3 through33. Photographs of thgystemfor
test no. MGSLSL are shown in Figure34 through37 and in Figures38 through41 for test no.
MGSLS-2. Material specifications, mill certifications, and certificates of conformity for the
system materials are shownAppendix A

A simulated culvert headwall was constructed behind the MGSdpag guardrail in
order to simulate any potential vehicle drop off of the edge of the culvert and to simulate the
effect of the culvert headwall on theftéction of adjacent guardrail posts during an impact. The
design of the headwall was based on a survey of common culvert designs from the sponsoring
agenciesThe culvert design also included both the upstream and downstream wingwalls as well
as a typichslope profile based on representative culvert designs submitted by the sponsoring
agenciesThe reinforced concrete culvert was 37 ft'/; in. (11.3 m) longasmeasured parallel
to the guardrail from the tip of one wingwall to ttye of the otherwingwall. The edge of the
culvert parallel to the guardrail was 28 f® in. (8.8 m) longEach wingvall was 71 in. (1,803
mm) long andprojected awayfrom the system at a 4#egree angle. The culvert was 48 in.

(1,219 mm) tall, except at the ends etk wng wall, which were angled dowo match the
24
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1V:3H lateral fill slope behind the system to a height of 39%4 in. (997 .miimg design of the
culvert can be seen Figurelb.

The barrientilized standard gauge (2.#4mm) thick W-beam rails with additional post
bolt slots at halpost spacing intervals, as shown in Figutés18, 19, and31. The Wbeam
guardrail was mounted with a topil height of 31 in. (787 mm) throughout the entire system.
Rail splices were located #te midspans between posts, as showRigure 18. The lap splice
connectiondbetween the rail sections were configured to reduce vehicle snag at the splice during
the crash test.

The rail was supported by 25 posfi,of which wereembeddedn a compacted, coarse,
crushed limestone material, as recommended by MARH\[l of the line posts had embeaaent
depths of 40 in. (1,016 mnfPost nos. 3 through 10 and 17 through 23 were galvanized ASTM
A992, W6x8.5 (W152x12.6) steel line posts theasured 72 in. (1,829 mm) lorRpst nos. 11
through 16were32-in. (813mm) tall, W6x8.5 (W152x12.6) BSP steel postthat were attached
at the groundine to 6in. x &in. x 3in. thick (152mm x 203mm x 4.8mm) steel tubes that
measured 40 in. (106 mm) long The UBS posts wer@ositioned24 in. (610 mmpaway from
the slog break point of thelV:3H fill slope. The two UBP posts nearest to the culvert were
offset 15 in. (381 mm) longitudinallgwayfrom the culvert headwallThe UBSPswere utilizel
in placeof CRT posts due ta desire by states to not ube chemically treatedvood postsThe
rail was offset from the steel posts w&hn. x 12in. x 14%zin. long (152mm x 305mm x 362
mm) Sothern Yellow Pine wood blockoytgs shown irFigure 13. A 16D, 3% in. (8 mm)
double head nail was also driven through a hole in the front flange of each post into the top of the
blockout assembly to preveblodkout rotation The elongated span length was located between

post nos. 13 and 14, as shown in Figureand14.
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The upstream and downstreaends of theguardrailinstallationwere configured witta
trailing-end anchorage system, as shown in FigliBand36. This guardrail anchagesystem
was utilized to simulate the strength of other crashworthy end terminals. The anchorage system
consisted of timber posts, foundation tubes, anchor cables, bearing plates, rail brackets, and
channel struts, which closely resembled tlardware usead ithe Modified BCT systenand now
part of a crashworthy, downstreatrailing-end termina[25-28]. Post nos. 1, 2, 24, and 2&re
breakaway cable terminal (BCT) timber poghst wereinserted into €t (1.8-m) long steel

foundation tubes, as shownkigures21 and40.
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175'-0"

Note:

3 N ey W ey WG 3

[53339]
5 100'-0"
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25" v . 75"
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551 GOSN <t ) f F—s0s)
i fi i i Tﬁ fi i i 1 1 [ Ny S ~1 1 1 [ i i i f i fi
1 2 3 4 5 6 72\5' 8 9 i 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25
2270P Impact
e——12 Spaces @ 75" [1905] Spacing = 75'-0" [22860] ! [3;552] t~-11 Spaces @ 75" [1905] Spacing = 68'—9" [20955] -+
PLAN VIEW

B

ELEVATION VIEW

(1) Modified BCT Cable with load cell assembly to be
installed at both end anchors.

(2) The impact location is at the centerline of post no. 11.

3) B%I; ongfhors are placed in @3’ [914] holes, then backfilled and tamped
with solil.

(4) The compacted slope shall be constructed prior to installing the gosts.
Aug{:r holes, place posts, and backfill and compact soil around the
posts.

(5) Modified BCT Cable with load cell assembly to be installed at both end
anchors.

Midwest Roadside
Safety Facility

31’-3" MGS Long Span
with UBSP

System Layout

DWG. NAME. SCALE: 1:220
MGS_LSW_R10 UNITS: Inches [KAL/SKR
JCH//RKI

Figurell SystemLayout, Test NOMGSLS 1
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PLAN VIEW
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ELEVATION VIEW

Note: (1) Test shall be performed according to test designation no. 3—11 of MASH

criteria.

(2) The imgoct location is 243 3/4” [6191] downstream from centerline of
post 13 or 131 1/4" [3334] upstream from centerline of post 14.

3 B(i"l") onﬁhors are placed in @3’ [914] holes, then backfilled and tamped
with soil.

(4) Critical region is between post nos. 7 and 19 (@3’ holes).

(5) The compacted slope shall be constructed prior to installing the posts.
Augfr holes, place posts, and backfill and compact soil aréund the
posts.

(6) Modified BCT Cable with load cell assembly to be
installed at both end anchors.

19 20 21
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22 23 24 25

68'—9" [20955] ]

Midwest Roadside
Safety Facility

31’-3" MGS Long Span

with UBSP

System Layout

DWG. NAME.
MGS_LSW—2_R3

SCALE: 1:220 |REV. BY:
UNITS: Inches |-

Figurel2 SystemLayout, Test NOMGSLS2
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Figurel3. Post Details, Test MOMGSLS1 and MGSLS2
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Midwest Roadside
Safety Facility

Pit Details
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Figurel4. Pit Details, Test N\® MGSLS 1 and MGSLS2
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Figurel5. Concrete Header Details, TestdNMGSLS 1 and MGSLS2
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Figurel6.

Rebar Assembly, Test NoMGSLS 1 and MGSLS2
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Bill of Bars

ltem No. QTY. Description
el 6 #4 Bar — Longitudinal — 345” [8763] long
e2 8 #4 Bar — Bent Longitudinal — 80" [2032] long
e3 4 #4 Bar — Bent Longitudinal — 50" [1270] long
e4 16 |#4 Bar — Stirrup — 93" [2362] long
eb 2 #4 Bar — Stirrup — 75" [1905] long
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Figurel?.

Bill of Bars, Test Ne. MGSLS 1 and MGSLS2
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Figurel8. End Section and Splice Detail, TestdNMGSLS1 and MGSLS2
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Figurel9.

BCT Anchor Details, Test MOMGSLS1 and MGSLS2
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Figure21l. BCT Timber Post and Foundatidnbe Details, Test NOMGSLS1 and MGSLS2
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Figure22. BCT Post Components and Anchor Bracket, Test NIliGSLS 1 and MGSLS2
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Figure23. Ground Strut Details, Test NoMGSLS1 and MGSLS2
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Modified BCT Cable with Load Cell Assembly
Notes: (1) 6x25 IWRC IPS cables meet the minimum breakm 3"
strength of 42.7 kips [190 kN]e and may b 1 31— MGS Long Span

substituted for the 6xT9 IWRC TIPS cables. with UBS

2) The modified BCT cable was used for testing purposes
in lieu of a standard BCT cable.

- * Modified BCT Cable with Load
Midwest Roadside| Cell Assembly
Scfety Fccility DWG. NAME. [SCALE: 1:3

MGS_LSW_R10 UNITS: Inches H//%:R

Figure24. Modified BCT Cable with Load Cell Assembly, TestdNMGSLS 1 and MGSLS2
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Figure25.

Modified BCT Cable, Test MoMGSLS1 and MGSLS2

LT6EE-€0dHION Loday 4SHMN

/102 ‘L udy



A%

R3" R1 1/4" R2 5/8"
2 [5/]

R1 5/8" [76] [32]
[41]
1 3/8"
[35] e
1 Segzid)
g
! 6 1/2"
]
| 313 [”é]
(9 ” 37/8" -
- [102] [gé] j
o N 3
) \
Ny N P
(52 R1[2 ]16"
1 1/2%
¢[384
I @D
.
<) A
b U )LJ Part b12
Part b11

31’=3" MGS Long Span
with UBSP

i

Midwest Roadside| >"oeK® ond Fve Nut
Scfety Fccility DWG. NAME. ISCALE: 1:4

MGS_LSW_R10 UNITS: Inches |KAL/SKR
JCH/RK

Figure26. Shackle and Eye Nut, Test i0MGSLS 1 and MGSLS2
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Figure27. UBSP Post and Component Details, Tes$. MGSLS 1 and MGSLS2
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