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1 INTRODUCTION

1.1 Problem Statement

The Midwest Guardrail System (MGS) is a ranoprietary, strong post, Weam barrier
composed of W6x9 or Wex8d&eelpostsor wood guardrail posts, igauge (2.66nm) W-beam
rail, and a 14n. (305mm) deep blockout. The MGS has been evaluated under the catietya
of both the National Cooperative Highway Resedobgram (NCHRP) Report No. 350] [and
the Manual for Assessing Safety HardwaiASH) [2] under Test kevel 3 (TL-3) impact
condiions Subsequently, the Federalighway Administration (FHWA)deemed the MGS
eligible for reimbursement undéne FederaAid Highway ProgramHowever, theMGS had
never been tested wittectangularSouthern Yellow e (SYP) woodpoststo evaluate the
working width and dynamic deflection of the systelBeing that rectangular SYPosts are the
most commonly used wooduardrail posts in the United Stateg was proposedhat an
evaluation of theMGS with SYPposts would prove beneficial for many State Depants of
Transportation (DQOSJ).

The MGS waspreviouslytestedand approved for use wigeverawood post variations
The MGS ha®een successfully tested witloth alternativevood speciesoundposts[3] and6-
in. X 8in. x 72-in. long (152-mm x 203mm x 1829 mm) rectangulaihite Hne (WP) posts[4].
WP posts have approximately 39 percwer capacitythan standard SYP wogqabsts b]. The
Midwest Roadside Safety FacilityM(VRSFH performed a crash test und®ASH test
designatiomo. 3-11 on the MGS withWP posts. The 2270P vehicle was smoothly redirected in
test no. MGSWH, and six posts fractured or sghi. Although test no. MGSWR wasa good
indicator thatthe MGS waild perform well with SYPRosts,the Midwest Pooled Fund Program
members desired to obtathe actual system behavior (e.g., dynamic deflection and wayk

width) fora SYPwood post MGS
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1.2 Objective

The objective of this research effort was to evaluatestifetyperformance of the MGS
with 6-in. X &in. x 72in. long (152mm x 203mm x 1829 mm) SYP posts accordingp the TL
3 full-scale crash testingiteriaset forth in MASH
1.3 Scope

The researclobjective was achieved through the completion of several tesks, twvo
full-scale crash testsere conducted on the MGS with SYP wood poBke crash tests utilized
a pickup truck and a small car, weighing approxetya5,000 Ib (2,268 kg) and425 b (1,100
kg), respectively. The target impact conditions for both tests were an impact speed of 62 mph
(200 km/hr) and an impact angle of 25 degrees. Next, the test results were analyzed, evaluated,
and documented. Finallgonclusions and recommendationsre madehat pertairto the safet

performance of tht1GS with SYP posts
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2 DESIGN DETAILS

Thetest installation consisted of 181if3 in. (55.3m) of standard 1-gauge (2.66nm)
W-bean supported by SYRvood postsas shown inFigure 1. Anchorage systems similar to
those used on tangent guardrail terminals were utilized on both the upstream and downstream
ends of the guardrail systemesign detailsare shownn Figures1 through10. Photographs of
the test installations are shown in Figutdsand 12. Material specifications, mill certifications,
and certificates of conformity for the component matsrare shown idppendix A

Thesystem vas constructed with twentyine wood postsspacecat 75 in. (1905 mm) on
center as shown irFiguresl and?2. Post na. 3 through 27 weré&-in. x &in. x 72in. long (152
mm x 203mm x 1,829mm) Grade 1SYP wood postswith a sal embedment depth of 40 in.
(1,016 mm) A 6-in. wide x 12in. deep x 14%n. long (152mm x 305mm x 362mm) wood
spacer blockout was used to tHothe rail away from the front face of each steel post. A 16D
double head nail was also driven through a hole in the front flange of the post into the top of the
blockout assembly torpvent rotation of the blockouPost nosl, 2, 28, and 29 weltlereakaway
cable termina(BCT) timber posts measuring&n. wide x7%2 in. deep x 46 in. long (148m x
191mmx 1,168 mm) and wee placel in 6ft (1.8-m) long foundation tubes, as showrFigure
6. A tangent anchorage system was utilized on the upstream and downstream ends of the
guardr ail system in order to develop the ba
consisted of timber posts, foundation tubes, andaables, bearing plates, rail brackets, and
channel struts, which closely resembled the hardware used in the Modified BCT system. As
such, this system is believed to be representative of existing guardrail terminal end anchorages
All posts were placed ia compacted coarse, crushed limestone material

Standardl2-ft 6-in. (3.8km) long 12-gauge (2.66nm) W-beam rails with adtonal

post bolt slots at hajbost spacingsere placed between post nbhsand 29, as shown Figures
3



September 42013
MwRSF Report NoTRP-03-27213

1, 2, and9. Standard spl i ce blong gusardrail olt and Buss, wera used( M1 6 >
to attach the rail to the pos®he Wb e amdé s t o por MG&SYIR1 wese3il m.H{7A87 m)
with a 24£8-in. (632mm) center mounting heighThe rail splices were placeat midspan
locatiors, as shown in Figuresand?2. All lap-splice connections between the rail sections were
configured with the upstream segment in front to minimize vehreag sit the splice during the
crash test.
The installation for test no. MGSSYR wasraised 1 in. (25 mm) such that the height to
the top of the guardrail was 32 in. (813 mag shown in Figures3 through22. Photographs of

the test installation for test no. MGSS®2Rare shown ifrigure23.
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Item No. | QTY. Description Material Specification Ht:é'siv(v’gre
al 25 |6"x8"x72" [152x203x1829] Southern Yellow Pine Wood Post SYP Grade No.1 or better PDEO2
a2 25 [6"x12"x14 1/4" [152x305x362] MGS Timber Blockout SYP Grade No.1 or better PDB11a
a3 12 |12'-6" [3810] 4—Space W-Beam Guardrail 12 gauge [2.7] AASHTO M180 RWMO4a
a4 2 |12'—-6" [3810] BCT Terminal Rail Section 12 gauge [2.7] AASHTO M180 -
aS 1 |6'=3" [1905] W—Beam Spacer Guardrail 12 gauge [2.7] AASHTO M180 RWMO1a
ab 25 |16D Double Head Nail & =
b1 4 [72" [1829] Long Foundation Tube ASTM AS00 Gr. B PTEO6
b2 4 |[BCT Timber Post—MGS Height SYP Grade No.1 or better PDFO1
b3 2 |Strut and Yoke Assembly ASTM A36 Steel Galvanized -
b4 2 |[BCT Cable Anchor Assembly »3/4" 6x19 IWRC IPS Galvanized Wire Rope FCAQ1-02
bS 2 |Guardrail Anchor Bracket ASTM A36 Steel FPAO1
b6 2 |[8"x8"x5/8" [203x203x16] BCT Bearing Plate ASTM A36 Steel FPBO1
b7 2 |2 3/8" [60] 0.D.x 6" [152] Long BCT Post Sleeve ASTM A53 Grade B Schedule 40 FMMO2
b8 112 |5/8" Dia. x 1 1/4" [M16x32] Long Guardrail Bolt and Double Recessed Nut|Bolt ASTM A307 or Grade 2 Steel/ Nut ASTM A563 FBBO1
b9 4 |5/8" Dia. x 10" [M16x254] Long Guardrail Bolt and Double Recessed Nut Bolt ASTM A307 or Grade 2 Steel/ Nut ASTM AS563 A| FBBO03
b10 25 |5/8" Dia. x 22" [M16x559] Long Guardrail Bolt and Double Recessed Nut Bolt ASTM A307 or Grade 2 Steel/ Nut ASTM A563 A| FBBO7
b11 16 |5/8" Dia. x 1 1/2" [M16x38] Long Hex Bolt and Double Recessed Nut Bolt ASTM A307 or Grade 2 Steel/ Nut ASTM AS63 A| FBX16a
bi12 4 |5/8" Dia. x 9 1/2" [M16x241] Long Hex Bolt and Double Recessed Nut Bolt ASTM A307 or Grade 2 Steel/ Nut ASTM AS63 A| FBX16a
b13 69 |5/8" [16] Dia. Plain Round Washer ASTM F844 or Grade 2 Steel FWC16a
b14 4 |7/8" Dia. x 7 1/2" [M22x191] Long Hex Bolt and Double Recessed Nut Bolt ASTM A307 or Grade 2 Steel/ Nut ASTM AS63 A| FBX22a
b15 8 |[7/8" [22] Dia. Plain Round Washer ASTM F844 or Grade 2 Steel FWC22a
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MGS Sourthern Yellow 10 of 10
Pine Wood Posts ey
Bill of Materials i
DRAVIN BY:
Midwest Roadside i
Safety Facility [o me SOALE: None |REV. BY:
MGSSYP-31_RS JUNITS: In.[mm] gﬂ.{.lcn/

Figurel0. Bill of Materials, Test NOMGSSYR1
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Figurell Test Installation Photographs, Test M&GSSYR1
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Figurel2 Test Installation Photographs, Test No. MGSSIYP
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Note: (1) 6x25 IWRC IPS cables meet the minimum breaking strength of 42.7 kips [190 kN] and may be substituted for the 6x19 IWRC IPS cables.
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Figurel19. BCT Anchor Cable Details, Test No. MGSSZP
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Item No.| QTY. Description Material Specification Hcggi\:vj:re
al 25 |6"x8"x72" [152x203x1829] Southern Yellow Pine Wood Post SYP Grade No.1 or better PDEO2
a2 25 |6"x12"x14 1/4" [152x305x362] MGS Timber Blockout SYP Grade No.1 or better PDB11a
a3 12 [12'-6" [3810] 4—Space W-Beam Guardrail 12 gauge [2.7] AASHTO M180 RWMO4qa
a4 2 [12'=6" [3810] BCT Terminal Rail Section 12 gauge [2.7] AASHTO M180 =
a5 1 |6'=3" [1905] W—Beam Spacer Guardrail 12 gauge [2.7] AASHTO M180 RWMO1a
ab 25 |16D Double Head Nail - -
b1 4 |72" [1829] Long Foundation Tube ASTM AS00 Gr. B PTEO6
b2 4 [BCT Timber Post—MGS Height SYP Grade No.1 or better PDFO1
b3 2 [Strut and Yoke Assembly ASTM A36 Steel Galvanized -
b4 2 |BCT Cable Anchor Assembly @3/4” 6x19 IWRC IPS Galvanized Wire Rope FCAO1-02
bS 2 |Guardrail Anchor Bracket ASTM A36 Steel FPAO1
b6 2 |[8"x8"x5/8" [203)(203)(16] BCT Bearing Plate ASTM A36 Steel FPBO1
b7 2 |2 3/8" [60] 0.D.x 6" [152] Long BCT Post Sleeve ASTM AS3 Grade B Schedule 40 FMMO2
b8 112 |5/8" Dia. x 1 1/4" [M16x32] Long Guardrail Bolt and Double Recessed Nut|Bolt ASTM A307 or Grade 2 Steel/ Nut ASTM AS63 FBBO1
b9 4 |5/8" Dia. x 10" [M16x254] Long Guardrail Bolt and Double Recessed Nut |Bolt ASTM A307 or Grade 2 Steel/ Nut ASTM AS63 FBBO3
b10 25 |5/8" Dia. x 22" [M16x559] Long Guardrail Bolt and Double Recessed Nut [Bolt ASTM A307 or Grade 2 Steel/ Nut ASTM AS63 FBBO7
b11 16 |5/8" Dia. x 1 1/2" [M16x38] Long Hex Bolt and Double Recessed Nut Bolt ASTM A307 or Grade 2 Steel/ Nut ASTM AS63 FBX16a
b12 4 |5/8" Dia. x 9 1/2" [M16x241] Long Hex Bolt and Double Recessed Nut Bolt ASTM A307 or Grade 2 Steel/ Nut ASTM AS63 FBX16a
b13 69 |5/8" [16] Dia. Plain Round Washer ASTM F844 or Grade 2 Steel FWC16a
b14 4 |7/8" Dia. x 7 1/2" [M22x191] Long Hex Bolt and Double Recessed Nut Bolt ASTM A307 or Grade 2 Steel/ Nut ASTM A563 FBX22a
b15 8 |[7/8" [22] Dia. Plain Round Washer ASTM F844 or Grade 2 Steel FWC22a

SHEET:
MGS Sourthern Yellow 10.of 10
Pine Wood Posts e
Bill of Materials ks
DRAWN BY:
Midwest Roadside i
Safety Facility [oe me SOALE: None |REV. BY:
MGSSYP-32_R7 [UNITS: In.[mm] gﬁ.‘/xn/

Figure22. Bill of Materials, Test No. MGSSY-R
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Figure23. Test Installation Photographs, Test No. MGS&YP
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3 TEST REQUIREMENTS AND EVALUATION CRITERI A

3.1 Test Requirements

Longitudinalbarriers, such as Weamguardrails must satisfy impact safety standanas
order b be accepted by the Federal Highway Administration (FHWA) for usiheNational
Highway System (NHS)For new hardwarghese safety standards consist of the guidelines and
procedures published in MASR][ According toTL-3 of MASH, longitudinal barrier systems
must be subjected tiwvo full-scale vehicle crash testBhe twofull-scale crash tests aneted
below.

1. Test DesignatiomNo. 3-10 consiss of a 2,45-Ib (1,100kg) passengecarimpacting
the system at a nominal speed and angl€2mph (00 km/h) and25 degrees,
respectively.

2. Test DesignatiorNo. 3-11 consiss of a 5,0@-Ib (2,268-kg) pickup truckimpacting
the system at a nominapeed and angle @2 mph (@00 km/h) and25 degrees,

respectively.

The test conditions dfL-3 longitudinal barriers are summarizedTiablel.

Tablel. MASH TL-3 Crash Test Conditions

Test Impact Conditions _
Test Desianation Test Speed | Evaluation
Article 9 Vehicle Angle Criteria®
No. mph | km/h | (deg)
Longitudinal 3-10 1100C 62 100 25 A,D,F.H,I
Barrier 311 2270P 62 100 25 AD,FH,I

! Evaluation criteria explained ifable2.

3.2 Evaluation Criteria
Evaluation criteria for fulscale vehicle crash testing are based on three appraisal areas:
(1) structural adequacy; (2) occupant risk; and (3) vehicle trajectorycattesion. Criteria for

structural adequacy are intendedevaluate the ability of thiengitudinal barrieto contain and

28
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redirect impacting vehiclesin addition, controlled lateral deflection of the test article is
acceptableOccupant risk evaluatébe degree of hazard to occupants in the impacting vehicle
Postimpact \ehicle trajectory is a measure of the potential of the vehialestdtin a secondary
collision with other vehiclesindbr fixed objects thereby increasing the risk of injury the
occuparg of the impacting vehicle amar other vehicles These evaluation criteria are
summarizedn Table2 and defined in greater detail MASH. The full-scalevehicle crash test
was conducted and reported in accordance with the procedures provida&lih

In addition to the standard occupant risk measures, thellRpatt Head Deceleration
(PHD), the Theoretical Head Impact Velocity (THIV), and the Accelengfieverity Index (ASI)
were determined and reported on the test summary. gkaitional discussion on PHD, THIV
and ASI is provided ilMASH. Note that ASI values were calculated according to MASH as
developed by TTI.
3.3 Soil Strength Requirements

In order b limit the variation of soil strength among testing agencies, foundation soil
must satisfy the recommended performance characteristics set forth in Chapter 3 and Appendix
B of MASH. Testing facilities must first subject tliesignatedsoil to a dynamic pst test to
demonstrate a minimum dynamic load of 7.5 kips (33.4 kN) at deflsdtemveen 5 and 20 in.
(127 and 508 mm) If satisfactory results are observed, a static test is conducted using an
identical test installatianThe results§rom this static tet become the baseline requirement for
soil strength in future fulscalecrashtestingin which the designated soil is usédh additional
post installed near the impact point is statically tesiedhe day of fulscalecrashtestin the
same manner assed inthe baselinetatictest The fullscale crash test can be conductely of
the static test results showsalil resistance equal tor greater tha®0 percent of the baseline

statictest at deflections of 5, 10, and 15 in. (127, 254, and 381onih@ dynamic test shows a
29
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mm). Otherwise the crash t& must be postponed until the soil demonstrates adepastsoll

strength

Table2. MASH Evaluation Criteria fot.ongitudinal Barrier

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 installatiadthough controlled laterg
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 penetrating the occ
compartment, or present an dwe hazard to other traffi
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 EMASH.

The vehicle should remain upright during aaftier collision. The
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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4 TEST CONDITIONS

4.1 Test Facility

The testing facility is located at the Lincoln Air Park on the northwest side of the Lincoln
Municipal Airport and is approximatel$ miles (8.0 km) northwest of the University of
Nebraskalincoln.
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 of the tow vehicle wetelbribat of the test
vehicle. The test vehicle was released from the tow cable before impachevibarrier system.
A digital speedometer on the tow vehicle increbe accuracy of the test vehicle impact speed.

A vehicle guidance system developed by Hifghwas used to steer the test vehicle. A
guideflag, attached to th&eft-front wheel and the guide cable, was sheared off before impact
with the barrier system. Thé-in. (9.5mm) diameter guide cable was tensioned to
approximately3,500 1b(15.6 kN and sipported both laterally and vertically evetr§0 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 gilédestruck and knocked each stanchion to
the graund.
4.3 Test Vehicles

For testno. MGSSYR1, a2004 Dodge Ram Quad Cab 150@kup truckwas used as
the test vehicleThe curb, test inertial and gross statieehicleweights wereb,1301b (2,327 kg),
5,0291b (2,281kg), and5,1991b (2,358kg), respectivelyThe test vehicle is shown Figure24,
and vdicle dimensions are shown kingure25.

For test no. MGSSYR, a 2004 Kia Risedanwas used as the test vehicle. The curb,

test inertial, and gross static vehialeights were 202 Ib (1090 kg), 2442 Ib (1108 kg), 2612
31
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MGSSYP-1

Figure24. Test Vehicle, Test NMGSSYR1
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Date: 8/3/2011 Test Number: MGSSYP-1 Model:  2270P/Ram 1500
Make: Dodge Vehicle I.D.#: 1D7HA18DX4J254351
Tire Size: LT245/70 R17 Year: 2004 Odometer: 223763
Tire Inflation Pressure: 35 Psi
*(All Measurements Refer to Impacting Side)
I (R ‘ 1 N Vehicle Geometry -- in. (mm)
t Wheel Wheel o a 78 (1981) b 74  (1880)
Track Track T
c 227 3/4 (5785) d 47 (1194)
1 [
! = e 1401/2 (3569) f 401/4 (1022)
Test Inertial CM. g 281/8 (716) h 621/2 (1588)
q —}-—1re DA i_14 (356) j_26 (660)
R \ T WHEEL DIA k 20 (508) | 281/2 (724)
- -—p L4
Al N m 677/8 (1724) n 671/2 (1715)
[ E;T
a N ) o o 44 (1118) p 3 (76)
- 0, )l
i F1< s / i -‘J g 30 (762) r 181/2 (470)
. f s 14 (356) t 751/2 (1918)
Wheel Center Height Front 14 1/4  (362)
d e f—
Wheel Center Height Rear 14 1/2 (368)
vwr‘eur wFronv -
c Wheel Well Clearance (F. 33 3/4 (857)
Mass Distribution b (kg) Wheel Well Clearance (R 36 1/2  (927)
Gross Static  LF 1437 (652) RF 1466 (665) Frame Height (F) 16 1/4 (413)
LR 1113 (505) RR 1183 (537) Frame Height (R) 24 (610)
Engine Type  8Cyl. GAS
Weights
b (kg) Curb Test Inertial Gross Static Engine Size  5.7L 345CI
W-front 2856 (1295) 2798 (1269) 2903 (1317) Transmition Type:
W-rear 2274 (1031) 2231 (1012) 2296 (1041) anual
W-total 5130 (2327) 5029 (2281) 5199 (2358) FWD 4WD
GVWR Ratings Dummy Data
Front 3650 Type: Hybrid Il
Rear 3900 Mass: 170 lbs
Total 6650 Seat Position Passenger
Note any damage prior to test: None

Figure25. Vehicle Dimensions, Test NMGSSYR1
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Ib (1,185 kg) respectively. Thegevehicle is shown ifrigure 26, and the vehicleicthensions
areshown inFigure27.

The longitudinal component of theenter of gravity €.g) was determined using the
measured axle weightsThe Suspension Method7][ 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 suspensorehidie
was suspended successively 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 dgy. the 1100C vehicle wasased on historical c.g.
height measurementEhe location of the final c.g. is shownkigures25 through29. Data used
to calculate the location of the c.g. and ballast information are shoppiendix B

Square, blackand whitecheckered targets were placed on the vehidereference to
be viewed from the higepeed digital video cameras and aid in the video analysis, as shown in
Figures28 and29. Round, checkered targets were placed on the center of gravity on ihiedeft
door, the righiside door, and the roof of the vehicle.

Thefront wheels of the test vehicdlavere aligned to vehicle standards except thartoe
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 the vec | e dosbotl testsAnd was fired by a
pressure tape 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 the
high-speedvideos. A remote controlled brake system was installed in the test webiclie

vehicles could be brought safely to a stop after the test.
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Figure26. Test Vehicle Test NOMGSSYR2
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Note any damage prior to test:

Date: 9/13/2011 Test Number: MGSSYP-2 Model: 1100C
Make: Kia Vehicle I.D.#: KNADC125046350879
Tire Size: 175/65 R14 Year: 2004 Odometer: 85056
Tire Inflation Pressure: 30psi
*(All Measurements Refer to Impacting Side)
— _ Vehicle Geometry -- in. (mm)
] a 6514 (1657) b 55 (1397)
Y [ Ve%de + c 167  (4242) d 38172 (978)
e 953/4 (2432) f 323/4 (832)
- g 17 (432) h 37 (942)
- B i 81/2 (21) j 21 (533)
k'11 12 (292) | 22 (559)
. m 56 1/8 (1426) n 56 3/4 (1441)
0 273/8 (695) p 3 (76)
- q 2212 (572) r 151/4 (387)
°l T s 11 (279) t 601/4 (1530)
Wheel Center Height Front 10 3/4 (273)
Wheel Center Height Rear 10 7/8 (276)
Wheel Well Clearance (F 23 7/8 (606)
Mass Distribution Ib (kg) Wheel Well Clearance (R 24 (610)
Gross Static  LF 783  (355) RF 797 (362) Frame Height (F) 6 3/4 (171)
LR 482 (219) RR 550 (249) Frame Height (R) 16 1/2 (419)
Engine Type 4cyl gas
Weights
b (kg) 'Curb Te'st Inertial Grgss Static Engine Size 1.4L
W-front 1517 (688) i 1496 (679) i 1580 (717) Transmition Type:
W-rear 885 (401) 946 (429) . 1032 (468) anual
W-total 2402 (1090) 2442 (1108) 2612 (1185) RWD 4WD
GVWR Ratings Dummy Data
Front 1808 Type: Hybrid 1
Rear 1742 Mass: 170 Ibs.
Total 3399 Seat Position Passenger

Minor Hail Damage

Figure27. Vehicle Dimensions, Test No. MGSSYP
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__#_i_ﬁ_

TEST #: MGSSYP-1
TARGET GEOMETRY-- in. (mm)

A T2 (1829) E 64 (1626) | 38 (965)
B 1041/2 (2654) F 41 (1041) J 281/8 (716)
c 48 (1219) G 62172 (1588) K 41 (1041)
D 64 (1626) H 78 (1981) L 583/4 (1492)

Figure28. Target GeometryTest NOMGSSYR1
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G

vehicle

TEST #: MGSSYP-2
TARGET GEOMETRY-- in. (mm)
A 3112  (800) E 42 (1067) | 17 (432)
B 2134  (552) F 331/4 (845) J 281/4 (718)
C 48 (1219) G 3719 (942) K 28 (711)
D 918 (232) H_ 953/4 (2432) L 43 (1092)
M 52 (1321)

Figure29. Target Geometry, Test No. MGSS®P
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4.4 Simulated Occupant

For test ne. MGSSYR1 and MGSSYP2, a Hybrid Il 50"-Percentile Adult Male
Dummy, equipped with clothing and foaar, was placed in theght-front seat of the test
vehicle with the seat belt fastened. The dummy, which had a final weight of 170 Ib (77 kg), was
represented by model no. 572, serial no. 451, and wasfatamredby Android Systems of
Carson California. As recommended by MASH, the dummy was not included in calculating the
c.g location.

4.5 Data Acquisition Systems

4.5.1Accelerometers

Two environmental shock and vibration sensor/recorder sgsteaere used toneasure
the accelerations in the longitudinal,dedl, and vertical direction®ll of the accelerometers
were mounted near the center of gravity of the test vehitles.electronic accelerometer data
obtained in dynamic testing was filtered using theESBlass 60 and the SAE Class 180
Butterworth filter conforming t&AE J211/1 specifications]

The first accelerometer system was a -avm piezoresistive accetaneter system
manufactured by Endevco of San Juan Capistrano, California. Three accelerometers were used to
measure each of the longitudinal, lateral, and vertical accelerations indepemdenthample
rate of 10,000 HzZTwo additional accelerometers weused to measure longitudinal and lateral
accelerations independently at the same fidie.accelerometers were configured and controlled
using a system developed and manufactured by Diversified Technical Systems, Inc. (DTS) of
Seal Beach, California. More specifically, data was collected using a DTS Sensor Input Module
(SIM), Model TDAS3SIM-16M. The SIM was configured with 16 MB SRAM and 8 sensor
input channels with 250 kB SRAM/channel. The SIM was mounted on a TIR4SBodule

rack. The module rack was configured with isolated power/event/communications, 10BaseT
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Ethernet and RS232 communiocat, and an internal backup battery. Both the SIM and module
rack were crashworthy. The ADTS TDAS Control o
Microsoft Excel worksheet were used to analyze and plot the accelerometer data.

The secondsystem, Model ER-3, was atriaxial piezoresistive accelerometer system
manufacturedy IST of Okemos, MichigarThe EDR3 was configured with 256 kB of RAM, a
range of N200 gdos, a sampl e-passdfiteeTheifDyh,aMa&K Hz,
(DM-1 ) computer eftware programand a customized Microsoft Excel worksheet were used to
analyze and plot the accelerometer data.

4.5.2Rate Transducers

An angularrate sensor, the ARE500, with arange of 1,500 degrees/sec in each of the
three directiongroll, pitch, and yaw)was used to measure the rates of rotation of the test
vehicles The angular rate sensor was mounted on an aluminum block inside the testnesdricle
the center of gravityndrecordeddataat 10,000 Hz to the SIMThe raw data measurements
werethen dowioaded, converted tine proper Euler angles for analysis, and plofiéeei DT S
TDAS Coaorputerlsaitware prograand a customized Microsoft Excel worksheet were
used to analyze and plot the angular rate sensor data.

4.5.3Pressure Tape Switches

For test ne. MGSSYR1 and MGSSYP2, five pressuractivated tape switches, spaced
at approximately6.56-ft (2-m) intervals, were used to determine the speed of the vehicle before
impact Each tape switch fired a strobght which sent an electronic timing signal to the data
acquisition system as thieght-front tire of the test vehicle passed overTiest vehicle speeds
were determined from electronic timing mark data recorded using TesiuintabVIEW
computersoftwae programs Strobe lights and highpeedvideo analysis are used only as a

backup in the event that vehicle speed cannot be determined from the electronic data.
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4.5.4Digital Photography

Two AOS VITcam high-speeddigital video camergsthree AOS X-PRI high-speed
digital video camerasour JVC digital video camergsard two Canon digital video cameras
were utilized to film test no. MGSSYR1. Camera detailscamera operating speedgns
information, anda schematic of the camera locatiamtative to the systerareshown inFigure
30.

Three AOS VITcam higispeed digital video cameras, three AOSPRI highspeed
digital video cameras, foulvVC digital video cameras, dnwo Canon digital video cameras
were utilized to film testno. MGSSYP2. Camera details, camera operating speéelss
information, anda schematic of the camera locatiamtative to the system ashown inFigure
3L

The high-speedvideos were analyzed using Imé&ggress MotionPlus and RedLake
MotionScopesoftware programs Actual amera speed and camera divergence factors were
considered in the analgsof the highspeed videosA Nikon D50 digital still camera waslso

used to document prand postest conditions for all tests.
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98" [29.9 m] 250" [76.2 m]

Overhead Height: 63" [19.2 m]

AOS #2
A0S #7
NG #1 DV #1 A0S #5
I 1 2 3 4|56 7 8 9101112 113141516171819 2021 2223242512627 2829 G g
20" [6.1 m]
i i 317 [9.4 m]
44°—6" [13.6 m]-
AOS #3 59’ [18.0 m]
JVC #4
ACS #6
JVC #2
73 [22.3 m] 62" [18.9 m]ﬂ—-
Operating Speed .
No. Type (frames/sec) Lens Lens Setting
3 2 AOS Vitcam 500 8 mm fixed -
Lol 3 AQOS Vitcam 500 Sigma 50 mm fixed -
25| 5 AOS X-PRI 500 TV Zoom 17102mm 102
= > 1 s AOS X-PRI 500 Fuji 50 mm fixed -
7 AOS X-PRI 500 Sigma 2470 mm 50
° 1 JVCi GZ-MC500 (Everio) 29.97
g 2 JVCi GZ-MG27u (Everio) 29.97
> 3 JVCi GZ-MG27u (Everio) 29.97
8 4 JVCi GZ-MG27u (Everio) 29.97
= I Canon ZR90 29.97
2 Canon ZR10 29.97

Figure30. Camerd.ocations, Speedsyd LensSettings Test NOMGSSYR1
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98’ [29.9 m] sl
OVERHEAD HEIGHT: 63 2" [19.3 m]
A0S #1
A0S 6 | DV #1

L T | S . O N U RO O U ¥ U U N O BN W
12 3 45 6 W 8 9 1011 1213(1415 16 17 18 19 20 21722 23 24 25 26 27 28 29

30 (0.1 m) 31" [9.4 m]

LM’ (128 m]—wie 50" [15.2 m]—

241’ [73.5 m]

A0S #3 A0S #7
WC #2 WC 4
No. Type O?f?;ﬁlgglssep;ed Lens Lens Setting
2 1 AOS VitcamCTM 500 Cosmicar 12.5 mrfixed -
> 3 AOS Vitcam 500 Sigma 2470 mm 35
8 | 4 AOS Vitcam 500 - -
& 5 AOS X-PRI 500 Canon 17102 mm 102
g 6 AOS X-PRI 500 Fujinon50 mm fixed -
I 7 AOS X-PRI 500 Sigma50 mm fixed -
° 1 JVCi GZ-MC500 (Everio) 29.97
g 2 JVCi GZ-MG27u (Everio) 29.97
> 3 JVCi GZ-MG27u (Everio) 29.97
8 4 JVCi GZ-MG27u(Everio) 29.97
= I Canon ZR90 29.97
2 Canon ZR10 29.97

Figure31l. Camera Locations, Speeds, and Lens Settings, Test No. MG&SYP
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NC #3
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5 FULL -SCALE CRASH TEST NO. MGSSYP-1

5.1 Dynamic Soil Test

Before fullscalecrashtestno. MGSSYR1 was conducted, the strength of the foundation
soil was evaluated with a dynaniest, as describeéd MASH [2]. The dynamidest results are
shown inAppendixC. The force vs. deflection curve for the dynamic soil test was determined
using the acceleration data from the bogie vehicle to determine botbatieahd deflection of
the postm the soil. While Appendix B of MASH requires the use of load cells for determination
of postsoil forces, MWRSF has demonstrated through previous begis ¢6f posts in soil that
the load versus deflection as determined by accelerometers on the bogie vehicle compares well
with data obtained from load cells mounted on an impacted post. There are minor differences in
the load and deflection as measured iy &ccelerometer versus a dedicated transducst, Fir
loads measured by the thaell are expected to be slightly higher than those measured by the
accelerometer due to the accelerometer only capturing the longitudinal component of the impact
force as thgoost rotates backward. The vertical component of the impact load, which increases in
magnitude as the rotation angle increases, is not reflected in the accelerometer data. Thus,
utilizing accelerometers to obtain force data would be a conservative estinsail strength.

The soil strength test conducted prior to testM&SSYR1 demonstrated that the soll
for the test generated relatively high initial force levels,the forcdevel between 19 an20 in.
(483 and 508 mm) was slightly lower than the MASH requirement of 7,5@&BIB kN. It was
reasoned that the soil strength was sufficient even though the end of tkeoipdstce vs.
deflection curve dippedlightly below therequired threshold. First, the initial loading of the soil
was significantly lgher than the 7,500 Ib (33.4 kiXbrce limit for the initial 10 in. (254 mm) of
deflection. This indicated that the soil stiffness was high and that the soil was absorbing a

significant amount of energy. Second, as noted above, the force data measured by the
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accelerometer is conservative and was likely underestimating the soil resistance near the end of
the post deflection. Third, the pestil forces were only below the thresthdor a limited
deflection near the end of the 20 in. (508 mm) deflection limit. As such, the effect on overall post
behavor was determined to be negligible
5.2TestNo. MGSSYP-1

The5,1991b (2,358kg) pickup truck impacted theIGS with SYP woodostsat a speed
of 62.2mph (100.1km/h) and at an angle &4.9 degreesA summary of the test results and
sequential photographs are showrFigure32. Additional sequential photographs are shown in
Figures33and34.
5.3 Weather Conditions

Testno. MGSSYR1 was conducted oAugust 3, 2011at approximately:45 pm. The
weather conditionsas per the National Oceanic and Atmospheric Administration (station

14939/LNK)were reporte@nd areshown inTable3 [9].

Table3. Weather Conditions, Test NBIGSSYR1

Temperature 85° F

Humidity 95%

Wind Speed 11 mph

Wind Direction 30° from True North
Sky Conditions Sunny

Visibility 10 Statue Miles
Pavement Surface Dry

Previous 3Day Precipitation | 0.00in.

Previous 7Day Precipitation | 0.14in.

5.4 Test Description

Initial vehicle impact was to occur2 ft (3.7m) upstream of the center line of post no.
15, as shown inFigure 35, which wasselected usinghe CIP plots found in Section 2.3 of
MASH to maximie pocketing and the propensitiywheel snagThe actual point of impact was

12 fti 6 in. (38 m) upstream of post no. 12\ sequentialdescription of the impact everd
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containedn Table4. The vehicle came to re209 ft (63.7 m) downstream ¢ie impact point

and 56 fti 10in. (17.3 m) laterally behind the barrier systeandits trajectorydid not violate

the bounds of the exit boXhe vehicle trajectory and final positiane shown irFigures32 and

36.

Table4. Sequential Description of Impact Eventest NOMGSSYR1

TIME

(sec) EVENT
0.000 Theright-front corner of vehicle impactedil 12 ft1 6 in. (3.8 m) upstream from
' post no. 15
0.004 | Post no. 13 deflected backward
Theright-front fenderof vehicledeformed, post no.4ldeflected backwardandrail
0.022 .
kinkeddownstream of post no. 14
The upstream terminal deflected downstrepast no. 1 was moved upwaahd
0.030
post ro. 12 deflected backward
0.038 The rightfront headlight shatteredpwnstream terminal rail deflexd upstream
' post no. 15 deflected baskrd andrail kinkedupstream of post no. 15.
0.060 The rail kinked dowstream of post no. 15, amdhicle began to yaw
' counterclockwise
0.066 | The rail released from post no. 14.
0.074 | Post no. 16 deflectdaackward
0.080 Post no. 14 began to fracture
Thepostsupstream of impaabtatedtowardimpact point, andight-front wheel
0.095 : )
snagged on posio. 14 and disengaged fromhicle.
0.100 | Post no. 15 fractured.
0.112 | The rail released from post nib.
A kink formed inrail downstream of post no. 16, post no. 16 fractured
0.118 | approximately 1 f{305 mm)above ground level, andyht-front door ofvehicle
became slightly ajar.
0.136 | Post ng. 17 and 18 deflected backwaatidthe vehicle rollecaway fromsystem.
0.144 | The rail released from post no. 16.
0.154 | The rail kinkedat post no. 18.
0.228 | The vehicle rolleslightly towardsystem.
0.238 | The undercarriage of vehicle impactednainingl ft (305 mm)of post no. 16
0.290 | Thevehicle wa parallel tosystemwith a speeaf 46.8 mph (75.3 km/h)
0.300 The upstream termihavas at maximum deflectiopost no. 19leflected backward

and st no. 17 fractured.
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0.308 | The rail released from post no. 17.

The vehicle exitedystemwith a speed of 37.8 mph (60.8 km/h) and at an angle
0.652
15.7 degrees

0.892 | The rightfront brake disk contacteground.

0.966 | The rightfront bumper contacteground.

5.5Barrier Damage

Damage to the barrier wasoderateas shown in Figure®7 through38. Barrierdamage
consisted ofleformed guardraiffractured posts, and contact marks on the front édidbe W
beam guardrailThe length of vehicle contact along the barrier was approximadefyi 4 in.
(10.5 m)which s@nned from4 in. (102 mm) upstreanof the centerline of post no. l&d
extendedo 33 in.(838 mm)downstream opost no. 18

The raildisengaged from several posts both upstream and downstreiampaaft. The
guardrail boltpulled through theail atpost nos. 3 through 5,thhrough9, and 14 through 17. A
Yrin. (6-mm) tearwas foundn the rail on the upstream end of thetsdt post no 3. A/in. (6-
mm) tear also occurred at the bottom centdrthe slot at post no. 7. A #a. (13-mm) tear
occurred o the bottom downstream edge of the slot at post no. 14.

Deformations in the rail occurredoim post no. 12 to post no. 18he top of the rail
kinked at post no. 12The rail buckled 2 in. (64 mm) downstream of the downstream side of
the slot at post nd.3. The bottom corrugation began to fold at post no. 13. Folding of the bottom
corrugation also occurred from 52 {{1,321mm) downstream of post no. EHhd extended t83
in. (838 mn) downstream of st no. 14. The rakinked4 in. (102 mm) upstream bpost no. 13.
Flattening of the raibeganl in. (25 mm) downstream of post no. 1&hd extendedo 52 in.
(1,321 mm) downstream of post no. 13. Flattening occurred again from 33888 mm)
downstream of post no. lahd extendedo 5 in. (127 mm)upstream of post no. 1Flattening

also occurredrom 23 in.(584 mm) upstream of post no. l#hd extendedo 10 in.(254 mm)
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downstream of post no. 18he bottom corrugationof the rail kinked at 31 in. (787 mn)
downstream of post no. 18he rail alsdbuckled at post no. 18.

The top of the blockouts gfost nos. 3 through 5 weteistedupstrean. The top of the
blockouts ofpost nos. 6 and 7 were twistddwnstream. The front of the blockouts for post nos.
6 and 10 were rotatetbwnstreamThe top of he blockouts for post no8.and 11 were twisted
downstream.

Damage to the posts began at post no. 6, which split on the front fanstdsam corner.
Post no. 10 split at the centdrthe top of the post from the front to the back. This split started at
thetop of the post and extendet:8n. (216 mm) down the post. Post no. $plit at the centeof
the post fromhe front to the backThe split started at the top of tpest and extended to the
groundline. Post nos. 12 and 13 rotated backwards andasphie centeof the post from the
front of the post to the back of the post. The splits on both posts stattedt@p of the post and
continued to the groutide. Post nos. 14 througt were fractured at the groundlin@og no.
14 came to rest 9 it 6 in. (2,896 mm)ehind the barrier. Pbso. 15 came to rest 91ft3 in.
(2,819 mm)behind the barrier. Post no6 Tame to rest 14 it 6 in. (4,420 mm)ehind the
barrier. Posno. 17 came to rest 1iftl in. (330 mm)ehind the barriefTire contat markswere
found 21 in. (533 mm) down from thetop of the front face of post no. 1Rost no. 16 was split
into 3 pieces dut contact with theehiclg andcontact marksvere also foun@n the front face
of the postSoil gaps, heaves, and craters can be fonrichbleb.

The maximumpermanent set of the barrier systess 304 in. (768 mm) at the midspan
between post nos. 15 and, 8 measured in the fiellhe maximum latal dynamic rail and
postdeflectiors were40.0 in. (1016 mm) at post no. 1&nd 28.1m. (714mm) at postno. 17,

respectively as determinedrom high-speeddigital video analysisThe working width of the
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sydgem was found to b&3.8in. (1,367 mm), also determined from higépeed digital video

analysis

Table5. Soil Gap, Soil Heave, and Soil CraMeasuremenisTest NOMGSSYR1

Soil Gap Locatior, Soil Heave, Soil Crater,
in. (mm) in. (mm) in. (mm)

PN%St Upstream| Downstream| Front Back | Diameter| Height | Diameter | Depth
1 1% (38) 0 0 0 28 (711) | 3 (76) 0 0
2 Y4 (6) Y4 (6) 0 0 0 0 0 0
12 | % (13) 0 Y5 (13) 0 0 0 0 0
13 | 3%(19) 0 2Y4 (57)| ¥ (19) | 27 (686)| 3 (76) 0 0
14 0 0 1% (44)] 2(51) | 17(432)| 2(51) | 13 (33) | 4(102)
15 0 0 0 0 0 0 42 (1,067)| 3 (76)
16 0 0 0 0 24 (610)| 3 (76) 0 0
17 0 0 4 (102) 0 20 (508) | 4 (102) 0 0
18 0 0 1%, (32)| 22 (64)| 18 (457)| 4 (102) 0 0
19 0 0 Y4 (6) Y4 (6) 0 0 0 0
29 0 Y4 (6) 0 0 0 0 0 0

' If a post is omitted in the table, there were no soil disturbances at that post location

5.6 Vehicle Damage

The damage to the vehicle wasnimal, as showrnn Figures47 and48. The maximum

occupant compartment deformatioase listed inTable 6 along with the deformationlimits

established in MASH fowarious areas of the occupant compartméltdte that none of the

MASH established deformation limits were violatedomplete occupant compartment and

vehicle deformations and the corresponding locations are providgzpendix D
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Table6. Maximum Occupant Compartment Deformations by Location

MAXIMUM MASH ALLOWABLE
LOCATION DEFORMATION DEFORMATION
in. (mm) in. (mm)
Wheel Well & Toe Pan Y (13) O @29)
Floor Pan & Transmission Tunnel Y% (13) O 13p5)
Side Front Panel (in Front of-Rillar) ¥4 (19) O 13D5)
Side Door (Above Seat) ¥ (19) O (@29
Side Door (Below Seat) 1 (25) O 13D5)
Roof 0 04 (102)
Windshield 0 O @@6)

The majority of thedamage was concentrated on the Fighiht corner and right side of
the vehicle where the impact occurréiche front bunper was bent on the right lowside
approximately 8 in(203 mm) from the centerline of the vehicle. There was also a kink on the
top of the front bumper approximately 19 (483 mm) from the centerline of the vehicle. There
were contact marks on the right side of the front bumper coverfraebumper coverlso had
a 5in. (127-mm) tear along the right quarter panel. The gofl the vehicle was deformed
backward 2z in. (64 mm) on the bottom right side. The right quarter panel was folded inward 7
in. (178 mm). The right headlighfractured and the righfront tire detached from the vehicle at
the wheel bearingl'he rightfront upper control arm and disc brake assemndetygched. Contact
marks extendethe entire length of the right side of the vehicle. Both efdbors on the right
side wereslightly ajar. The top of the righfront door separated 1 25 mm) from the cab of
the vehicle while the bottom of the right rear door separated 341i&.mm) from the cab The
right-front door also had flattening that extendéé entire length of the doa7 in.(432mm) up
from the bottom othe door. The rightea door had contact marks that extendee length of

the door Hatteningoccurredat the bottom of the door and at the rear corner of the cab. The right
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side of the rear bumper was flattened and hkishla12 in. (305mm) from the righ fender. The
right-rear taillight separatedpproximately 2% in. (§4mm from the fender. A35 in. (889 mm)
long crackwas founddown the center of the windshield.
5.7 Occupant Risk

The calculatedoccupant impact velocities (OIVs) amdaximum 0.016sec average
occupant ridedowraacelerations (ORs) in both the longitudinal andateral directions are
shown n Table 7. Note that the OI¥ and OR\s were within the suggested limits provided in
MASH. The calculated THIYPHD, and ASlvalues are also shown rable 7.

The results of theccupant riskanalysis as determined from the accelerometer data, are
summarized irfFigure32. The recorded data from the accelerometers and the rate trarssahecer

shown graphically ippendix E

Table 7. Summary of OIVORA, THIV, PHD, andASI Values,Test NooMGSSYR1

: . Transducer MASH
Evaluation Criteria .
EDR-3 DTS Limits
oIV Longitudinal | -14.20 ¢4.33) -13.25 ¢4.04) O 40 (12
f's (M/s) | Lateral 1477 (4.50) | -14.74 (4.50) D40 (12.
iy 8.39 >
ORA Longitudinal 756 -8.14 O 20. 49
9035 | Lateral -7.65 -8.51 O 20.49
THIV .
ftfs (mis) NA 19.82 (6.04) not required
PHP NA 11.36 not required
gos
ASIt 0.70 0.70 not required

ASI procedures based on MASH Appendix F
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5.8 Discussion

The analysis of the test results for testMGSSYR1 showed that theystemadequately
contained and redirected tR270Pvehiclewith controlled laterabtlisplacements of the barrier
There were no detached elements nor fragments which showed potentunetrating the
occupant compartment nor presented undue hazard to other. téfformatiors of, or
intrusiors into, the occupant compartmethtat could have causeskrious injurydid not occur
The test vehicle did not penetrate nor ride over dredr and remained upright during and after
the collision Vehicle roll, pitch, and yaw angular displacemeiats shown irAppendix E were
deemed acceptable besauthey did not adversely influence occupant risk safety criteria nor
cause rolloverAfter impact, the vehicle exited the barrier at an anglE5of degreesTherefore,
testno. MGSSYR1 was determined to be acceptable accordirthgdVIASH safety performance

criteria for test designation n8-11.
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T TESEAGENCY....iiiiiiiiiiiiie et MwWRSF
1  Test Number..... MGSSYPR1 VEhiClE DAMAGE........civriirieriere e Minimal
L 0T .....8/3/2011 VDS 01-RFQ4
T MASH TSt DESIGNALONO.... .. vveoeeervereeeeeeeeeeeesereesseeeeessesesssseresn: 311 CDCM e 01-RYEW-3
1 Test Article.... _...MGSwith SYPPosts Maximum Interior Deformation.. ..1in. (25mm)
T Total LENGHN ... 181fti 3in.(55.2m) Test_AnticIe Damage.............._ ........................................................... Moderate
f  Key Componerit Steel WBeam Guardrail MaximumTest ArticleDeflections _
TRICKNESS oo 12 gauge (2.66 mm) Permanent SL. i 301/ft in. (768mm)
Top Mounting Height ...........c.ovevveverveeeeeeeeeeeeneennns 31in. (787 mm) DYNAMIC. ... 40.0 in. (1016 mm)
1 Key Component Southern Yellow Pine Posts ~ Working Width 53.8in. (1,367mm)
DiMension............cccovevueveceenns 6x8x72in. (152x 203x 1,829 mm) Maximum Angular Displacements .
POSESPACING. ... eeeee oo 75 in. (1905 mm) Rpll ....................................................................................... 5.6° <75
Embedment Depth.........ccccooiiiiiiiiiene 40 in. (1016 mm)
1  Key Component Wood Blockout
Post NOS. @7......c.ceveveunann. 6 x 12x 14%4in. (152x 305x 362 mm) Transducer Data =
1 VehicleMake Model............cc.c.cooevenvenee. 2004 Dodge Ram 1500 Quad Cab . . Transducer MASH
CUDe 5,1301b (2,327kg) Evaluation Criteria EDR3 DTS Limit
Lot Inertal.... D029 gggétgg ON | Longitudinal | -1420(433) | 1325(404) | O 40 (7
1  Impact Conditions (m/s) Lateral -14.77¢4.50) -14.74 ¢4.50) O 40 (1
SPEEM.....eiiiiiie e 62.2mph @00.2km/h) o 8.39
ANGIE (TIAJECLOTY)....voveveeeeeeeeeeeeeeeeeeees e enes e 24.9deg ORA Longitudinal -7.56 8.14 0 20.4
Impad _Locat|on ........ L2 1tT 6 in. (38 m) Upstream of Post No. 15 gos Lateral 765 851 020.49
1  Impact Severity..........coceevneennee 115.5 kipft (156.6 kJ) > 106 kigt (144 kJ) ot
1  Exit Conditions THIV T ft/s (m/s) NA 19.82 (6.04) required
SPEEM.....eiiiiiie e 37.8mph (60.8km/h)
ANGIE (TTAJECHOTY)....cvvvvvvvvvvisisssisss e 15.7deg PHDi g 6 s NA 11.36 not
Angle (Orientation).. .....16.1deg required
EXit BOX CHLEIIOMN......cciiiiiiiiiiiiii e e Pass not
VEhICIE StaDIlItY. .....ecvvieiee e e Satisfactory ASI 0.70 0.70 required
Vehicle Stopping Distance............ccccovcveeiiieeeeenne 209 ft (63.7 mdownstream

56 fti 10 in. (17.3) laterally behind

Figure32. Summary of Test Results and Sequential PhotographsNeeStGSSYR 1
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Figure33. Additional Sequential Photographs, TRst MGSSYR1
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Figure34. Additional Sequential Photographs, TRst MGSSYR1
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