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1 INTRODUCTION

1.1 Problem Statement

Obstructions at post locationgthin a run of guardrail ara common occurrenc&or
very shortlengthobstacles, thebstructionmay potentiallybe avaded by usinga modifiedpost
spacing.However, the only approved method for avoiding obstacles longel6tB&rft (1.9 m)
is to install a longspan system. Thielidwest Guardrail SystemrMGS) long-span system was
developed for situations where one, two, or three consecutive pastemittedto create
unsupported spans of 12.53t8 m) 18.75 ft(5.7 m) and 25 fi(7.6 m) respectivelyf1].

The MGS longspan system was designed with requirementglfpminimum upstream
and downstream lengtland (2)threecontrolledreleasing terminglCRT) posts on each side of
the unsupported spdn prevent pocketing and increased rail loading. These requirements were
based on fulkcale crash testing of the MG&nbrspan with a 25t (7.6-m) long unsupported
span. Prior reanmendations have been given tats departments ofransportation POTS)
regardinglocations with only one or two postsnitted in a run of standard guardrail. These
recommendations have tend® err on the conservative side and require the application of CRT
posts adjacent to even a single omitted post due to lack of analysis and crash testing. However,
the potential exists to develop more aggressive guidance for omission of one or twio posts
guardrail installation to avoid obstacles if further analysis and testing is performed.

Thus, aneed exists to develop more accurate guidanceéémmission ofa single posin
a run of MGS guardrail. Theesearch should seek to evaluate the othptest without theise of
adjacent CRT postdn addition, the researcihauld provide guidancerhether multipleomitted
post treatments could be utilized within anlg run of continuous guardragnd if so, the

minimum required separation distance betwidem.
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1.2 Objective

The objective ofthis research effort wam evaluateMGS installationswith a single
omitted postwithin the guardrail due to the presence ofoastruction The researcfocusedon
the omission of a post without the u#eCRT posts gdcent to the unsupported sp&ull-scale
crash testing wasonducted to evaluate théGS witha single omitted post according to fhest
Level 3 (TL-3) impact safety requirementset forth in the Manual for Assessing Safety
Hardware (MASH) [2]. Following successful fulscale crash sting, additionalinvestigation
wasconducted taonsiderthe potential for omission of a single post in multiple locatiwitkin
a run of guardrail and the corresponding minimum spacing between omitted posts.
1.3 Scope

The research objective was achieved through completion of several tasks. First, a full
scale crash test was conducted on the MGS with an omitted post. The cradhAt8kt test
designation no.-31, utilized a pickup truck weighing approximately 5,000 Ib (2,268 kg). The
target impact conditian for the test were a speed of 62 mph (100 km/h) andngte of 25
degrees. Next, the test results were analyzed, evaluatedpanohehted. Finally, conclusions
and recommendations were made that pertain to the safety performatieeMES with an

omitted post.
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2 DESIGN DETAILS

The test installation foMGS with one omitted posvas compisedof 182 fti 3% in.
(55.6 m) of standardV-beam guardrail supported by steel postsposts were spaced at 75 in.
(1,905 mm) orcenter except for a single 15. (3,818mm) span located near the center of the
guardrailinstallation, which represented the omittedto the otherwise standard MA3esign
details for the test installatiorare shown in Figured4 through 13. Photographs of the d&
installation are shown iRigure14. Material speifications, mill certifications, and certificates of
conformity for the system materials are showAppendix A

The barrier utilized standard -fauge (2.66nm thick) W-beam rails with additional post
bolt slots at halpost spacing intervals, as shown in Figute8, and12. The W-beam guardrail
was mounted with a temil height of 31 in. (787 mm) throughout the entire systRail splices
were locatd at midspans between pgsts shown inFigure 3. The lap splice connections
between the rail sections were configured to reduce vehicle snag potential at théwsplg¢he
crash test.

Therail was supported b®8 guardrail postsall of which were plaakin a compacted,
coarse, crushed limestone material, as recommended by NI SPbsts nos. 3 through 26 were
standard guardrail postsith embedment depths of 40 in. (1,016 mm). These $iteelposts
were galvanized, ASTM A992W6x8.5 (W152x12.5 steel sections measing 72 in. (1,82
mm) long.A 6-in. x 12in. X 14%in. long (152mm x 305mm x 3&-mm) Southern Yellow Pine
wood blockoutvasused to block the rail away from the front face of each steel post, as shown in
Figure6. A 16D double head nail was alsavén through a hole in thigont flange of the post
into the top of the blockout assembly to prevent rotation of the blockbatomitted post, or the

elorgated span length, was located between post nos. 13 and 14, as shown irlLiEigdBes
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The ends of the installation consisted of guardrail tra#ing anchorage systems, as
shown in Figuregl and5. This guardrail anchor was developed to simulate the strength of other
crashwethy end terminalsand was successfully crash tested to MASH3Tktandards as a
trailing-end anchor3]. As such, pst nos. 1, 2, 27, and 28 wdneakaway cableerminal (BCT)

timber posts inserted into steel foundation tubes, as shokigune?.
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Midwest Gu

ltem No. qQry. Description Material Spec Hardware Guide
ol 24 |Wex.5 [W152x12.6], 72" [1829] Long Steel Post ASTM 4992 Min. 50 kei'[345 WPc] Steel, Sok. or Wex TW1S2:13.4] ASTM A3 Min: 36 lal [248 PWEOS
a2 24 |6x12x14 1/4" [152x305x362] Timber Blockout for Steel Posts SYP Grade No.1 or better PDB10a—b
a3 24 16D Double Head Nail - -
a4 12 [12'-8" [3810] W—Beam MGS Section 12 gauge [2.7] AASHTO M180 Galv. RWMO40
o5 1 |6°=3" [1905] W—Beam MGS Section 12 gauge [2.7] AASHTO M180 Galv. RWMO4a
a6 2 [12'-6" [3810] W—Beam MGS End Section 12 gauge [2.7] AASHTO M180 Galv. RWM14a
b1 4 |BCT Timber Post — MGS Height SYP Grade No. 1 or better (No knots, 18" [457] above or below ground tension face) PDFO1
b2 4 72" [1829] Long Foundation Tube ASTM A500 Grode B Galv. PTEOS
b3 2 Strut and Yoke Assembly ASTM A36 Steel Galv. -
b4 4 BCT Cable Anchor Assembly 93/4" [19] 6x19 IWRC IPS Galvanized Wire Rope FCAO1
b5 2 Anchor Bracket Assembly ASTM A36 Steel Galv. FPAO1
b6 2 8"x8"x5/8" [203x203x16] Anchor Bearing Plate ASTM A36 Steel Galv. FPBO1
b7 2 2 3/8" [60] 0.D. x 6" [152] Long BCT Post Sleeve ASTM A53 Grade B Schedule 40 Galv. FMMO2
cl 24 |5/8" Dia. x 14" [M16 x 356] Long Guardrail Bolt and Nut Bolt ASTM A307 Galv., Nut ASTM A563 A Galv. FBBO6
c2 112 |5/8" Dia. x 1 1/4" [M16 x 32] Guardrail Bolt and Nut Bolt ASTM A307 Galv., Nut ASTM A563 A Galv. FBBO1
c3 4 5/8" Dia. x 10" [M16 x 254] Long Guardrail Bolt and Nut Bolt ASTM A307 Galv., Nut ASTM A563 A Calv. FBBO3
c4 16 [5/8" Dia. x 1 1/2" [M16 x 38] Long Hex Head Bolt and Nut Bolt ASTM A307 Galv., Nut ASTM A563 A Galv. FBX16a
c5 4 |5/8” Dia. x 10" [M16 x 254] Long Hex Head Bolt and Nut Bolt ASTM A307 Galv., Nut ASTM A563 A Galv. FBX16a
c6 4 7/8" Dia. x 8" [M22 x 203] Long Hex Head Bolt and Nut Bolt ASTM A307 Grade A Galv., Nut ASTM A563 A Galv. =
7 44 |5/8" [16] Dia. Plain Round Washer ASTM FB844 Galv. FWC14a
c8 8 7/8" [22] Dia. Plain Round Washer ASTM F844 Galv. -
SHEET:
Standard MGS with B
Omitted Post DATE:
8/14/2015
. . [DRAVIN BY: |
Midwest Roadside| o o Meterias B

DWG. NAME.
MGS_OmittedPost_R5

Safety Facility

SCALE: None [REV. BY:
UNITS: Inches |[KAL

Figurel3. Bill of Materials Test NOMGSMP-1
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Figurel4. Test Installation Photographs, Upstream End, TesMGSEMP-1
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3 TEST REQUIREMENTS AND EVALUATION CRITERIA
3.1 Test Requirements
Longitudinalbarriers, such as Weam guardrailsnust satisfy impact safety standards in
order b be declared eligible for federal reimbursement by the Federal Highway Administration
(FHWA) for use on the National Highway System (NHS). For mewnodifiedhardware, these
safety standards consist of the guidelines and procedures published in MA®&idcprding to
TL-3 of MASH, longitudinal barrier systemsust be subjected tiwvo full-scale vehicle crash

tests as summarized ihablel.

Tablel. MASH TL-3 Crash Test Conditions for Longitudinal Barriers

Test Test . Test \\//viri];crlf I;n F:aaecc: Do Evaluation

Article Desll\glgglatlon Vehicle b nF;ph ’ A(;]é;le, Criteria®
(kg) (km/h) g

Longitudinal | >0 Small Car (iél%g) (16020) 25 | ADFH

oo [ o | 0 | 2 s | Ao

1 Evaluation criteria explained ifable2.

Following a review of previous MASH testing into -ld¢am guardrail systems, the
pickup truck test was determined to be more critical than the small carhesimore massive
truck would induce much higher rail loads and system deflections, yielding the highest potential
for structural failure of the system and/or vehicle instabilitiesod®m barriers struck by small
cars have been shown to meet safety perdmice standards witleducedateral deflection and
without significant potential for occupant risk problem&12]. Therefore, tesno. 310 was
deemed unnecessary for this project, and only test designatioriLhovigh the 5,000b (2,268

kg) pickup truck was conducted for the system described herein.
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3.2 Evaluation Criteria

Evaluation criteria for fullscale vehicle crash testing are based on three appaeese.:

(1) structural adequagy?) occupant riskand (3) vehicle trajectory after collision. Criteria for
structural adequacy are intended to evaluate the abillyngitudinal barriesystemdo contain

and redirect impacting vehicles. In addition, controlled lateral deflection of the test article is
acceptable. Occupant risk evaluates the degree of hazard to occupants in the impacting vehicle.
Postimpact vehicle tjectory is a measure of the potential of the vehicle to result in a secondary
collision with other vehicles and/or fixed objects, thereby increasing the risk of injury to the
occupants of the impacting vehicle and/or other vehicles. These evaluatiomna cate
summarized infable 2 and defined in greater detail in MASH. The fatlale vehicle crash test

was conducted and reported in accordance with the procedures provided in MASH.

In addition to the standard occupant risk measures, thellRpatt Head Deceleration
(PHD), the Theortical Head Impact Velocity (THIV), and the Acceleration Severity Index (ASI)
were determined and reported on the test summary sheet. Additional discussion on PHD, THIV
and ASl is provided in MASH.

3.3 Soil Strength Requirements

In accordance with Chapter 3caAppendix B of MASH, foundation soil strength must
be verified before any fulicale crash testing can occur. During the installation of a sail
dependent system, additional W6x16 (W152x23.8) posts are to be installed near the impact
region utilizing the ame installation procedes aghe system itself. Prior to fulicale 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) measuheght af 25
in. (635 mm). If dynamic testing near the system is not desired, MASH permits a static test to be

conducted instead and compared against the results of a previously established baseline test. In
20
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this situation, the soil must prigke a resistace of at least 90 perceoit the static baseline test at
deflections of 5, 10, and 15 in. (127, 254, and 381 mm). Further details can be found in

Appendix B of MASH

Table2. MASH Evaluation Criteria fot.ongitudinal Barrier

A. Test article should contain and redirect the vehicle or bring
Structural vehicle to a controlled stop; the vehicle should not penet
Adequacy underride, or override the installation although controlled laf

deflection of the test article iseeptable.

D. Detached elements, fragments other debris from the test artic
should not penetrate or show potential for penetrating the occ
compartment, or present an undue hazard to other ftr
pedestrians, or personnel in a nwozone. Deformations of, ¢
intrusions into, the occupant compartment should not exceed
set forth in Section 5.3 and Appendix E of MASH.

F. The vehicle should remain upright during and after collision.
maximum roll and pitch angles are noeixceed 75 degrees.

H. Occupant Impact Velocity (OIV) (see Appendix A, Section A5.J
MASH for calculation procedure) should satisfy the follow

Occupant limits:
Risk Occupant Impact Velocity Limits
Component Preferred Maximum
30ft/s 40 ft/s

Longitudinal and Lateral

(9.1 m/s) (12.2 m/s)

l. The Occupant Ridedown Acceleration (ORA) (see Appendix
Section A5.3 of MASH for calculation procedure) should satisfyj
following limits:

Occupant Ridedown Acceleration Limits

Component Preferred Maximum
Longitudinal and Lateral 15.0 ¢ 20. 49
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4 TEST CONDITIONS

4.1 Test Facility

Thetesting facility is located at the Lincoln Air Park on the northwest side of the Lincoln
Municipal Airport and is approximately 5 miles (8.0 km) northwest of ttheversity of
Nebraskalincoln city campus.
4.2 Vehicle Tow and Guidance System

A reverse cable tow system with a 1:2 mechanical advantage was used to propel the test
vehicle. The distance traveled and the speed etdtv vehicle were onkalf thoseof the test
vehicle. The test vehicle was released from the tow cable beforetimijha the barrier system.
A digital speedometer on the tow vehicle increased the accuracy of the test vehicle impact speed.

A vehicle guidance system developed by Hifit§ was used to steer the test vehicle. A
guide flag, attached to tHeft-front wheel and the guide cable, was sheared off before impact
wi t h t he bar ri-er (9.58myn}p tiameter guide ecabld; was tensioned to
approximately 3,500 Ib (15.N) and supported both laterally and vertically every 100 ft (30.5
m) by hinged stanchions. Th&tanchions stood upright while holding up the guide cable, but as
the vehicle was towed down the line, the guide flag struck and knocked each stanchion to the
ground.
4.3 Test Vehicles

For test no.MGSMP-1, a 2008 Dodge Ram 1500 pickup truck was used as the test
vehicle.The curb, test inertial, and gross static vehicéeghts were 5,057 |b (2,294 kg), 4,934
Ib (2,238 kg), and 5,099 Ib (2,313 kggspectively. The test vehicle is showrFigure 15, and

vehicle dimensions are shownkigurel6.
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Figurel5. Test Vehicle, Test N0MGSMP-1
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Date: 4/28/2015 Test Number: MGSMP-1 Model: Ram 1500
Make:' Dodge Vehicle 1.D.#: 1d7hal8n28s606069
Tire Size: 265/70/R17 Year: 2008 Odometer: 247328
Tire Inflation Pressure: 35
*(All Measurements Refer to Impacting Side)
_l_ (— L—1 j Vehicle Geometry -- in. (mm)
t Wheel Wheel o a 78 (1981) b 751/8 (1908)
Track Track
c 228 (5791)  d_471/4 (1200)
— g — e 1401/4 (3562) f 401/2 (1029)
Test Inertial CM. g 283/4 (730) h 61 (1549)
q —)~——71re DIA i 15 (381) j_261/2 (673)
N k 21 (533) | 2912 (749)
—‘—D m 6712 (1715) n 675/8 (1718)
7 - 0 o o 443/4 (1137) p 3 (76)
| D) @ B l q 32 (813) r 18172 (470)
) f s 1512 (394)  t 751/4 (1911)
. . Wheel Center Height Front 15 (381)
vwreur ) wpmnv Wheel Center Height Reair 15 (381)
c Wheel Well Clearance (F. 35 (889)
Mass Distribution b (kg) Wheel Well Clearance (R 38 1/4 (972)
Gross Static  LF 1450 (658) RF 1439 (653) Frame Height (F) 18 1/2 (470)
LR 1106 (502) RR 1104 (501) Frame Height (R) 25 1/2 (648)
Engine Type Gasoline
Weights
Ib (kg) Curb Test Inertial Gross Static Engine Size 4.7L V8
W-front 2871 (1302) 2789 (1265) 2889 (1310) Transmission Type:  Automatic
W-rear 2186 (992) 2145 (973) 2210 (1002) Drive Type: RWD
W-total 5057 (2294) 4934 (2238) 5099 (2313)
GVWR Ratings Dummy Data
Front 3700 Ib Type: Hybrid Il
Rear 3900 Ib Mass: 165 Ib
Total 6700 Ib Seat Position Passenger
Note any damage prior to test: Passenger side box side dent and scrape.

Figurel6. Vehicle Dimensions, Test NMIGSMP-1
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The longitudinal component of theenter of gravity €.g) was determined using the
measured axle weightThe Suspension Methodl4] was used to dermine the vertical
component of the c.g. for the pickup trudiis 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 suspended successively in threetjprs, 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 location of the final c.g. is shown in Figulésand17. Data used to calculate the
location of the c.g. and ballast information are showfgpendix B

Square, blackand whitecheckered targets were placed on the vehicle for reference to be
viewed from the higtspeed digital video cameras and aid in the video analysis, as shown in
Figure 17. Round, checketktargets were placed at the c.g. locationthe leftfront door, the
right-front door, and the roof of the vehicle.

The front wheels of the test vehicle were aligned to vehicle standamkptthe toein
value was adjusted to zeso that the vehicles would track properly along the guide cable. A 5B
flash bulb was mounted on the right side of
switch mounted at the impaabrmer 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 thepbigh
videos. A remote-controlled brake system was installed in the test vehicle so the vetidtele

brought safely to a stop after the test.
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TEST #: MGSMP-1
TARGET GEOMETRY-- in. (mm)

A 751/8  (1908) E 637/8 (1622) | 391/4 (997)
B 1033/4 (2635) F 353/4 (908) J 283/4 (730)
C 481/8 (1222) G 61 (1549) K 421/2 (1080)
D 637/8  (1622) H 791/4 (2013) L 651/4 (1657)

Figurel7. Target Geometry, Test NMGSMP-1
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4.4 Simulated Occupant

For test noMGSMP-1, aHybrid Il 50"-Percentile, Adult Male Dummy, equipped with
clothing and footwear, was placed in the rifjioint seat of the test vehiglevith the seat belt
fastened. The dummwhich hal a final weight of 165 Ib (7&g), 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 thiecagjon.

4.5 Data Acquisition Systens

4.5.1Accelerometers

Two environmental shock and vibration sensor/recorder systeare used to measure
the accelerations in the longitudinal, lateral, and vertical direct®oth of the acceleromets
were mounted near the c.gf the test vehicleThe eletronic accelerometer data obtained in
dynamic testing was filtered using the SAE Class 60 and the SAE Class 180 Butterwosth filter
conforming toSAE J211/1 specification4d§.

The two systems, the SLICE and SLICE2 units were modular data acquisition
systems manufactured IBjiversified Technical Systems, InDTS) of Seal Beach, California.
The acceleration sensors were mounted inside thiedoidcustombuilt SLICE 6DX event data
recordersand recorded data at 10,000 Hz to the onboard microprocé&ssrSLICE 6DX was
configured with 7GBofnow ol at i |l e fl ash memory, a range
Hz, anda 1,650 Hz (CFC 1000) ardliasing fiter. The A ®AFIEB computer
programand a customized Microsoft Excel worksheet were used to anaheplat the
accelerometer data.

4.5.2Rate Transducers

Two identical angle rate sensgrstemsmounted inside the baek of the SLICE-1 and

SLICE-2 event dataecorders weresed to measure the rates of rotation of the test vehicle. Each
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SLICE MICRO TriaxAngle Rate Sensdrada range of 1,500 degrees/sec in each of the three
directions (rol} pitch, and yaw) and recorded data at 10,000 Hz to the onboard microprocessors.
The raw data measurements were then downloaded, converted to the proper Euler angles for
anal ysi s, and pl otted. The ASLI CEWar eo comp
Microsoft Excel worksheet were used to analyze and plot the angular rate sensor data.

4.5.3Retroreflective Optic Speed Trap

The retroreflective optic speed trap was useddtermine the speed of thestvehicle
before impactFive retrorefective targetsspaced at approximatehs-in. (457#mm) intervals
were applied to the side of the vehicle. When the emitted beam of light was reflected by the
targets and returned to the Emitter/Receiver, a signal was sent to the data acquisition computer
recording atL0,000 Hz as well as the external LED baxtivating the LED flashe§he speed
was then calculated using the spacing betweenetinereflective targetand the time between
the signalsLED lights and higkspeed digital video analysis apaly used as a backup in the
event that vehicle speeds cannot be determined from the electronic data.

4.5.4Digital Photography

Six AOS highspeed digital video cameras, $BoPro digital video cameras, and four
JVC digital video camerasvere utilized to film test noMGSMP-1. Camera details, camera
operating speedkens information, and schematic of the camera locatioesative to the syste
areshown inFigure18.

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

usedto document preand postest conditions for all tests.

28



62

-~ 103'-4" [31.5 m]

263'-8" [80.4 m]

Height: 65'—9" [20.0 m]

AOS##Q
, GP #4
A0S #8 v k] '~6" [2.0 m]
; [11] [
JVC i#4 I 1.3 5 " 14 17119 21 23 25 27 A0S #5 Ml
-3 - oP #5 79 1 Jve # M
35'=1" [10.7 m] }_ |=-64'=1" [19.5 m]— L1235 [3.7 m]
9;1" [2.8 m}—| :
71'=10" [21.9 m]
A0S #1 L
j\?cs fz 13'—1" [4.0 m]
Onboard — GP #3
4‘,«05 #fs
JVC #3
40'-8" [12.4 m} 94'—1" [28.7 m]——l
No. Type O?f? ;érlrt]lgglssepsed Lens Lens Setting
AOS-1 AOS Vitcam CTM 500 Sigma 50 mm Fixed -
AOS-5 AOS X-PRI 500 Vivitar 135 mm Fixed -
AOS-6 AOS X-PRI 500 Sigma 2870 50
AOS-7 AOS X-PRI 500 Sigma 2870 DG 70
AOS-8 AOS SVIT 1531 500 Fujinon 50 mm Fixed -
AOS-9 AOS TRIVIT 2236 500 Kowa 8mm Fixed -
GP-2 GoPro Hero 3 120
GP-3 GoPro Hero 3+ 120
GP4 GoPro Hero 3+ 120
GP5 GoPro Hero 3+ 120
GP-6 GoPro Hero 3+ 120
GP-7 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
JVC-4 JVCi GZ-MG27u (Everio) 29.97

Figurel8. Camera Locations, Speeds, and Lens Settings, TeMGSMP-1
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5 FULL -SCALE CRASH TEST NO. MGSMP-1

5.1 Selection of Critical Impact Point

Computer simulations witBARRIER VIl [16] were utilized to select the critical impact
point for full-scale crash test. The barrier was modeled as aft1E3.3m) long MGS
installation with a single post at the center of the guardrail removed. A simulaté@ ehicle
was prescribed an impact speed and angle of 62 mph (100 km/h) and 25 degrees, respectively,
and impacted the barrier at various points betweein.7&nd 225 in. (1,905 mm and 5,715 mm)
upstream of the omitted post. A total of ten simulations were conducted, and the results are
summarized inTable 3. Ultimately, the critical impact point was selected as 168.75 in. (4,286
mm) upstream of the omitted post since this location maximized the deflection of the system, rail

loads at the splice within the unsupported span length, and v&dotest snag potential

Table 3. Summary of BARRIER VII Results by Impact Point

Impact Point Rail WheelSnag Pocketing
Distance US of  Max. Max | Max. Snag| Max. Snag  37.5in 75in.
Omitted Post Defl. Force Pt. 1 Pt. 2 Slope Slope
(in.) (in.) (kips) (in.) (in.) (deg.) (deg.)
225 46.99 60.83 10.68 9.23 -23.2 -22.6
187.5 49.98 60.49 13.14 7.47 -23.9 -22.7
178.125 50.51 60.28 13.7 8.67 -20.9 -20.9
168.75 50.72 60.53 14.18 9.74 -20.1 -19.2
159.325 47.63 59.32 12.42 8.15 -20.2 -19.7
150 46.68 59.75 12.88 8.76 -21.6 -21.2
140.625 47.75 59.13 13.27 10.02 -20.5 -19.2
131.25 48.42 57.61 13.55 11.17 -20.9 -20.0
112.5 49.48 57.57 12.9 12.2 -22.8 -21.8
75 46.02 59.15 12.48 10.88 -21.6 -20.7
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5.2 Static Soil Test

Before fullscale crash testo. MGSMP-1 was conducted, the strength of the foundation
soil was evaluated with a static test, as described in MASH. The static test results, as shown in
Appendix G demonstrated a soil resistance above the baseline test limits. Thus, the soil provided
adequate strength, and fsltale crash testing could be conducted on the barrier system.
5.3Weather Conditions

Test no.MGSMP-1 was conducted oApril 29, 2015at approximatelyl:45 p.m. The
weather conditionsas per the National Oceanic and Atmospheric Administratgiation

14939/LNK), were reported and are showniTiable4.

Table4. Weather Conditions, Test NeIGSMP-1

Temperature 72° F

Humidity 2%

Wind Speed 10 mph

Wind Direction 20° from True North
Sky Conditions Sunny

Visibility 10 Statute Miles
Pavement Surface Dry

Previous 3Day Precipitation | 0.00in.

Previous 7Day Precipitation | 0.30in.

5.4Test No.MGSMP-1

The 4,934lb (2,238kg) pickup truck impacted the standard MGS with an omitted post at
a speed of 63.4 mph (102.1 km/h) and an angle of 25.3 degrees. A summary of the test results
and sequential photographs are shownFigure 19. Additional sequential photographs are

shown inFigures20and21.
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5.5 Test Description

Initial vehicle impactwas to occu06% in. (5,239 mm) upstreaimom the centerline of
the splice between post nos. 13 and d4168% in. (4,286 mm) upstreainom the location of
the omitted postas shown inFigure 22. The actual point of impact wak% in. (13 mm)
downstream from the targeted impact poit sequential description of the impact events is
contained inTable5. The vehicle came to rest 108iftll in. (33.2 m) downstreaiinom the
point of impact and 45 fi' 9 in. (13.9 m)laterally behind the barrier systenThe vehicle

trajectory and final positimare shown in Figurekd and23.

Table5. Sequential Description of Impact Events, Test MGSMP-1

TIME

(sec) EVENT

Vehicle rightfront bumper contacteil betweerpost n@. 11 and 12andvehicle
0.000

front bumper began to deform.
0.004 Post no. 12 began to deflect backwanadthe vehicleright fender began to

deform.

0.010 | Post no. 11 begawo deflect backward

0.012 | Vehicle right headlight contactesdil.

0.014 | Post no. 13 began to deflect backward.

0.016 | Vehicle grill began to deform.

0.020 | Post no.10began to deflect backwardndvehicle right headlight shattered.

0.022 | Vehicle rightfront door began to deform.

0.024 | Post nol4began to deéict backward

0.026 | Post nol began to deflect downstream

0.030 | The whicle hood began to deform, avehicle rightfront tire contacted rail.

0.032 | The Wbeam railflattenedbetween pst ne. 12 and 13

0.054 | Vehicle began to yaw away from barrier.

0.062 Post ne. 15and 16began to deflect backward.

Post no. 13 began to bend backwaabkt no. 14 began to deflect downstrean

0.066 vehicle began to roll toward barrier.

0.074 | The rail detached from posb. 13

0.082 | Vehiclepitcheddownward.
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0.100 | Postna. 17and 18began to deflect backward

0.114 | Post no. 2 began to twist upstream.

0.120 | Vehicle began to roll away from barrier.

0.128 | Vehicle rightfront tire contacteghostno. 13.

0.180 | Postno. 2split in half vertically through thguardrail bolt hole.

0.186 | Rail released from post nos. 1 and 2.

0.188 | Rail released from posio. 14.

0.204 Vehicle rightfront cornercontactedhe W-beamrail splice between post nos. 13
and 14.

0.224 | Vehicle front bumper contacted post no. 14.

0.236 Rail released from post no, &d st no 4 began to deflect forward

0.262 | Rail released from posi. 4.

0.268 | Rail released from posi. 5.

0.280 | Vehicle rightfront tire contacted post nab5.

0.288 | Rail released from posio. 15.

0.304 | Rail had released from post nos. 6 through 9

0.310 | Vehicle was parallel teystemat a speed of 43.1 mph (69.4 km/h).

0.330 | Vehicle front bumpecontacted post no. 15

0.416 Vehilcée front bumper contacted post 16, andherail released fronbolt atpost
no. 16.

0.456 | Vehicle hood became unlatched and began to swing open.

0.472 | Vehicle rightfront tire contacted post no. 16.

0.494 | Vehicle rightfront wheel detached.

0.690 | Detaded rightfront tire contactedgst no.17.

0.698 | Vehicle began tooll toward barrier.

0.826 | Vehicle rightrear tire began to overridietached rightront tire.

0.898 Vehicle lost contact with systeat a speed of 27.9 mph (44.9 km/h) and at angl
14.0 degrees.

0.994 | Vehicle began to yaw toward barrier

2030 Vehiclg was again parallel witlystem as it was hooking arourtbwnstream end
of the installation.

8.500 Vehicle came to restpproximately 109 ft (33 m) downstream from impact and

ft 7 9in. (13.9 m) laterally behind test installation.

33




February 222016
MwRSF Report NoTRP-03-326-16

5.6 Barrier Damage

Damage to the barrier wasoderateas shown in Figurez4 through28. Barrierdamage
consisted ofail deformation disengagement of th&/-beam rail from the @sts bending of the
steel posts, and fracture of wooded pos$tse length of vehicle contact along the barrier was
approximately89 fti 9% in. (12.1m), which spanned frorh8% in. 464 mm) upstream from the
centeline of post no. 12hrough9 in. 229mm) downstream fromost no. 17.

Deformation of the \Abeam railoccurred between post ndkl through 17 Flattening
occurred on the bottom cogation of the rail from thenidspanbetween post nos. 12 and tt3
13 in. 330 mm) upstream fronthe midspanbetween post nos. 14 and. %5 25-in. (635mm)
long dent was foundt the bottom of the rail sting 8 in. (203 mm) upstream fropost no. 16.
A kink was found in the rail around the blockout of post no. Alf.splice locations were
measured before and after the test. A maximum splice movemenho{16 mm) was readed
at two adjacent splices in the contact region, which were located between post nos. 13 and 14
and between post nos. 15 and TBe rail released fromost nosl through 9 and 13 through 17
where the bolt head pulled through the slots in the rail.

Although thepost boltspulled through the rail at the upstream anchor,cti#e anchor
remained intact between thail and the bottom gbost no. 1, as shown figure28. Two tears,
¥ in. (19 mm) and % in. (13 mrfgng, occurredn the railat the bolt location of post no. Rost
no. 2wassplit down the center through the bolt hdlel-in. (25mm) soil gap was found on the
upstream side of post no. 1. The downstreanchorage was undamagegcept for &/s-in. (2-
mm) soil gap found on the downstream side of the foundation tubes.

Post nos. 11 through 17 were all bent andébated backward and downstreawhile

post nos. 7 throughQlwere also displacedownstream. Post nos. 13 through 16 wsareerely
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bent at ground line due to the vehicle running over them, as shadwigure25. Blockouts were
disengaged from posbs. 13 through 15.

The maximum lateral permanemil and post deflections were 40% in. (1,028) at the
midspanbetween post nos. 14 and ahd 25 in. (635 mm) at post no.,lIr@spectively,as
measured in the fieldThe maximum lateral ydhamic rail and post deflectiors were49.0 in.
(1,243 mm) at the rdi between thenidspanbetween post nos. 13 and &aid post no. 14 and
21.0 in. (533 mm) at post no. ,1Bspectively,as determined from higépeed digital video
analysis. The working width dhe systenwas found to b&0.1 in. (1,272nm), also determined
from high-speed digital video analysis.

5.7 Vehicle Damage

The damage to the vehicle wa®derate as shown ifFigures29 and30. The maximum
occupant compartment deformations are listedrable 6 along with the deformation limits
established in MASH for various areas of the occupant compartment. Noteotiatof the
MASH-established deformation limits were violateGomplete occupd compartment and

vehicle deformations and the corresponding locations are providgzpendix D

Table6. Maximum Occupant Compartment Deformations by Location

MAXIMUM MASH-ALLOWABLE
LOCATION DEFORMATION DEFORMATION

in. (mm) in. (mm)

Wheel Well & Toepn Y4 (6) O 9 (22¢

Floorpan & Transmission Tunnel Y4 (6) O 12 (30
Side Front Panel (in Front of-Rillar) Y4 (6) O 13@5)
Side Door (Above Seat) Y4 (6) O (229)

Side Door (Below Seat) E (10) O 12 (30
Roof 0 O (%02)

Windshield 0 O 3 (76
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The majority of the damage was concentrated on the-fight corner and right side of
the vehicle where impact occurred 1%xin. (44-mm) separation formed between the hood and
the grill. The rightfront corner of the bumper was crushed inwafthe right headlight
disengaged. A-n. (127mm) dent formed on the fender located behind the headlight location.
The rightfront tire was disengaged ahdd a %in. (19mm) tearin its sidewall The rightfront
wheelsteel rim had a 1¥#». (38 mm) diameter gouge and bending around the entire edtpe of
rim. Additional gouges were found on the hub cap. Steering linkage brokeand thecontrol
arm was fracturedl'he rightfront brake hose was cufontact marks were found on the entire
length of the right side of the vehi¢cktarting 20 in. (508 m) from the bottomof theright-front
door and ending% in. (241 mm) from the bottom of thight-rear bumperThe rightfront door
had al2-in. (305mm) long tearapproximately 18 in. (457 mm) below the windddougesand
dentswere foundon the rightfront door.A 3-in. wide x 1-in. deepx 10-in. long (76-mm x 25
mm x 25-mm) gougewas found on theear orner of the rightear bumperThe rightrear tire
ruptured.

5.8 Occupant Risk

The calculated occupant impact velocities (OIVs) and maximum &6d0occupnt
ridedown accelerations (ORAS) in both the longitudinal and lateral directions are shoalrien
7. Note that the OIVs and ORAs wewathin the suggested limitprovided in MASH. The
calculated THIV, PHD, and ASI values are also showiiable 7. The results of the occupant
risk analysis, as determined from the acceleromet&, dse summarized iRigure 19. The
recorded data from the accelerometers and the rate transducers are shown graphically in
Appendix E Note, the SLICE2 unit was designated as the primary accelerometer unit during

this test, as it was mounted closer to the c.g. of the vehicle.
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Table7. Summary of OIV, ORA, THIV, PHD, and ASI Values, Test NtdGSMP-1

Evaluation Criteria TransducgrLICE 2 M.ASH
SLICE-1 X ) Limits
(primary)
oV Longitudinal | -13.63 ¢4.15 | -15.80¢4.82) | O 40 (
ft/s (m/s) Lateral -14.08 ¢4.29) | -14.60¢4.45) | 040 (1
ORA Longitudinal -10.29 -10.34 O 20.
gos Lateral -7.94 -7.30 O 20. |
MAX. Roll 11.79 7.87 075
ANGULAR . >
DISPL. Pitch -5.12 -6.04 075
deg. Yaw -42.92 -43.23 not required
THIV 18.79 (5.73) 19.62 (5.98) not required
ft/s (m/s)
PHD 11.44 11.61 not required
gods
ASI 0.74 0.72 not required

5.9 Discussion

The analysis of the test results for testM@&@SMP-1 showed that thiongitudinal barrier
adequately contained and redirected 2B&0Pvehicle with controlled lateral displacements of
the barrier. Tiere were no detached elememts fragments which shweed potential for
penetating the occupant compartmeortpresented undue hazard to other traffic. Deformations
of, or intrusions into, the occupant compartment that could have caused serious injury did not
occur. Theest vehicle did not penetrabde rideover the barrier and remained upright during and
after the collision. Vehicle roll, pitch, and yaw angular displacements, as shavppémdix E
were deemed acptable because they did not adversely influence occupant risk safety criteria or
cause rollover. After impact, the vehicle exited the barrier at an ahdlé.@degreesand its
trajectory did not violate the bounds of the exit bbixerefore, test nd(MGSMP-1, conducted on
the MGS with a singlemitted postwas determined to be acceptable according to the MASH

safety performance criteria for test designation3abl.
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TESE AGEINCY. .. ieiieiee ettt ettt e et e et e e e s MwRSF

Test Number...

DA o e 4/29/15
MASH Test DESIGNALION. .......coiiiiiiiiiiiii ettt 3-11
TeSt ATICIE....eeiiiiicc e MGS with Omitted Post
Total LENGLN...coeviiiiiii e 182ft i 3% in.(55.6m)
Key Component Steel WBeam Guardrail

THICKNESS. ...ttt e 12 gauge (2.66 mm)

Top Mounting Height..........ocoiiiiiiiicen e 31in. (787 mm)
Key Component Steel Post

SHAPE......eiieiit e W6 x 8.5(W152 x 12.6)

Length. ..o 721in. (1,829 mm)

Postnos. 112, 1528 Spacing.... weeeenf50i0. (1,905 mm)

POSt NOS. 134 SPACING......vtiiiiieiiiie et 150 in. (3,810 mm)

Embedment Depth...........coooiiiiiiiiiine e 40 in. (1,016 mm)
Key Component Wood Blockout

POSt NOS. @6.....cccoiiiiiiiiiiceee e 6x 12 x 14% in. (152 x 305 x 368m)
Soil Type ..ooocvvveeene revreereeeneneenn C0Arse Crushed Limestone
VehicleMake Model... ..2008 Dodge Ram 1500

CUMDL 5,057Ib (2,294kg)

TESE INEITIAL...ccieii it 4,934lb (2,238kg)

GrOSS SEALIC. ... .eiiiuvieeiiie et eeee ettt 5,099Ib (2,313kg)
Impact Conditions

SPEEM. ...ttt 63.4 mph (102.km/h)

ANGIE... e 25.3deg

Impact Location....205% in. (5,226 mmYS of Splice between Post nds3 and 14
ImpactSeverity (IS).......cccccovvverineenne 121.3 kipft (164.4 kJ) >105.6 kipft (143.2 kJ)
Exit Conditions

SPEEM. ..ttt 27.9 mph (44.%m/h)

ANGIE oo s 14.0deg
EXit BOX CHEEIION ....ccviiiiiiiiieciiectes e e eeeand Pass

= =

0.310sec

3" 32"
[787] [813]
Ground
Line
40"
[1016]
Vehicle Stability........c.oooiiiiiiiiei e Satisfactory
Vehicle Stopping Distance............cccccevivecieennns 108 fti 11 in. (33.2 m) downstream
45 ftT 9 in. (13.9 m) laterally behind
VEhiClIe DAMAGE. ... ..cciiiiiiiiie ittt Minimal
VDS [L7] wovveeieeeeeeeeeeeeeees e sttt 01-RFQ4
CDC [L8]eeieeeeeeeeeeeeeeeeeeeeeeees e 01-RYEW-3
Maximum Interior Deformation... . i 1 mm) (
Test ArtiCle DAmMAGE. ......c.uviiiiieiiii ettt Moderate
Maximum Test ArticleDeflections
Permanent Sel.........ccociviiiiiiiie e 40%2in. (1,029 mm)
DYNAMIC.... ittt b 49.0in. (1,243nm)
Working Width.........coooiiiiiii e 50.1in. (1,22 mm)
Transducer Data
Transducer
. o MASH
Evaluation Criteria SLICE-1 SL.ICE-Z Limit
(primary)
o Longitudinal | -13.63 (4.15 | -15.80 (4.82) O @p2)
ft/s (m/s) Lateral -14.08 €4.29) | -1460¢4.45) | O @p2)
ORA Longitudinal -10.29 -10.34 O 20. 4
90s Lateral -7.94 -7.30 o 20. 4
MAX Roll 11.79 7.87 075
ANGULAR - N
DISP. Pitch -5.12 -6.04 075
deg. Yaw -42.92 -43.23 not required
THIV T ft/s (m/s) 18.79 (5.73) | 19.62 (5.98) not required
PHDi g 6 s 11.44 11.61 not required
ASI 0.74 0.72 not required

Figure19. Summary of Test Results and Sequential PhotographsN@eStGSMP-1
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Figure20. Additional Sequential Photographs, Test NiGSMP-1
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Figure2l. Additional Sequential Photographs, Test NiGSMP-1
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Figure22. Impact Location, Test NBAGSMP-1

41



February 222016
MwRSF Report NoTRP-03-326-16

Figure23. Vehicle Final Position and Trajectqryest No.MGSMP-1
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Figure25. Rail Damage Between Post Nos. 12 andTEst No.MGSMP-1
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Figure26. Postnos.7 through 13Damage, Test N0MGSMP-1
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