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1 INTRODUCTION
1.1 Problem Statement

Certain types of roadside hazards, combined with varying roadway and roadside
geometies, cancausethe calculated lengtbf-need (LON) for guardrail systems to beorter
than175 ft (533 m). Asaresult,thé¢ ol | owi ng quest i t¢snhere@mininuchi c al |
length of guardrail that is required to ensure that the guardrail system adequately contains and
redirectsani mpacting vehicl e?0

The Midwest Guardrail System (MGS) is a pastirail system whth was originally
developed according to the Test Level 3 {3)Lstandards set forth by the National Cooperative
Highway Research Program (NCHRP) Report No. 35Pptp provide a reliable Weam
guardrail system capable of capturing and redirecting higher esfateass vehicles?]. The
MGS has also been successfully crastei#® and evaluated according to the-Jprocedures
provided in theManual for Assessing Safety HardwafASH) [3] for both the 1100C
passengecar and 2270P pickutruck §-6].

In general, Wbeam guardrail systemmicluding the MGShave been crash tested using a
system length of approximately 175(&3.3 m) The primary basis forcrashtestinga W-beam
guardrail syeem at a minimum length of 175 3.3 m)is to accurately predict the working
width and dynamic deflectiorfor the barrier systemat a location where end effects are
eliminated It is unknown vhetherthe safety performance of the MGS,its dynamicdeflection
is adversely affected hysingan installed length shorter than the teségdjthof 175 ft (53.3 m)
Asthegar dr ai | system gets shorter, a | arger p C
carried bythe end anchorsHigher anchor loads correspond to larger longitudinal anchor
movement.In general, érminal testing has shown thangitudinalincreases irancha@ motion

can lead tancreases itateral barrier deflectionThus,dynamic deflections will likely increase
1
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asthe impact locabn approaches the ends of the barriéris imperative to understarftbw
systemshorteningeffectsanchormovement and barrier deflection.

Due to the increase in effective impact angkhicular impacts intflared systeraresult
in higher impact severity ratings and impose higher loads on the end anchors. Successful testing
of the MGS on a flare rate of wp 5:1 illustrated the robustness of the systé+][ Therefore, it
was speculated that tangential guardrail systems at lengths shorter than 175 ft (58itB m)
standard impact severity ratings could withstand the increased anchor loads and successfully
redirect 2270P vehicles #te MASH TL-3 testconditions. Howevemo crash test dataxisted
to support or recommend the use of shorter guardrail lengths.

Shortening the barrier length also increases the likelihood of vehicles interacting with the
downstreanmendanchor.Full-scalecrashingtesting has shown successful redtron of a 2270P
vehicle impacting the MG&t a locatiorsix posts upstream of the downstream end termiG |
However,crashtestingwith the 2270P vehiclbasnot been conducted at locations closer to the
downstream end termina&nd it is possiblethat the vehicle could gatethrough the barrier
system Therefore systems shorter thav5 ft (53.3m) may have a significantly reduced zone of
containment andedirection. The length of the zone aintainment andedirection must also be

evaluated for shoharrierinstallations.

1.2 Objectives

The objective of this research projeess to evaluateand determinghe overallsafety
performancedynamic deflectionand effective working width of the Midwest Guardrail System
at lengths shorter than the current, -f783.3m) minimum recommendel@ngth. The guardrail

system lengthsvere to be evaluated accordingthe TL-3 safety performance criteria set forth
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by the American Association of State Highway and Transportation Officials (AASHTO) in
MASH [3].
1.3 Scope

The proposed researtieganby performing a limited, L&YNA computer simulation
effort on a 75ft (22.9m) long MGSto determinghe impact location for the proposed crash test.
The computer analyswasused to identify the range of impdotationsfor which the barrier
could contain and redirecwithout allowing the vehicle togae through or destroy the
downstreanmend anchoragsystem A full-scale crash test walsenconducted ora 75-ft (22.9
m) long MGS with a 2270P vehicle accordingtest designationo. 3-11 of MASH.

In addition to fultscale cash teshg, computer simulations were perfagthto investigate
shorte system lengths below 175 3.3 m).A BARRIER VII model was validated with the
full-scale crash test, then adjusted to model system lengths ai @&irfit (19.1 m) and 50 ft
(15.2 m). LSDYNA simulations were conducted to further investigatdO-ft (15.2-m) long
MGS at various impact location&inally, conclusionsvere made that pertain to tlwerall
performance of the 78 (22.9m) long MGS, and recommendations wepeovided fo MGS
lengthsof 62 ft i 6 in. (19.1m) and 50ft (15.2 m). This research study was conducted to
evaluate the strength and performance of MGS guardrail systems with reduced lengths and to
analyze the loads into the end anchorages, however, the resedorimed was not to encourage

real world installations of these shortened system lengths.
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2 LITERATURE REVIEW

Limited research on short sections of guardrail has been published by the Highway
Research Board fr om edelh and H&\BIfs disservedCthat ddleenng to ia S k
minimum length of guardrail was criticfl1]. During their studyan unanchored37-ft 6-in.
(11.4m) long sectionof guardrail consisting of three & 6-in. (3.8m) long segmentswas
impacted bya 3963 Ib (1,798kg) sedan at an impact speed and angle angh (104.6 km/h)
and 25degees, respectively. A total of four-& 2-in. (1.9m) long posts of tvo differenttypes
were utilized. Theendposts were-in. x 8-in. (203mm x 203mm)wood postsand 6in. x 8-in.
(152mm x 203mm) wood posts were spaced evetilyoughthe center section of the rail. This
crashtest resulted inthe vehicle completelyenetratig through the guardrail From these
findings, it was concludedhat for a 3smph (56.3km/h), 20-degee vehicular impact the
minimum installation lengthwas 100 ft (30.5 m) otherwisea collapse toward the centef the
rail would occur.Further, a65-mph (104.6 km/h) 20-degee crashtest required a minimum
installationlength of 250ft (76.2 m) For additional securitythe researchersecommended that
both endsbe ramped and anchored into the ground to devislepull ribbon tensile strength
across the mire installation.It was alsoconcludedthat without end anchargull ribboning
would be impossiblevith short barrier lengths.

Beatonet al.provided the most wiepth research on the effecf guardraillength[12].
Long lengths of guardrail permit load transfer to posts at substantial distamag$rom the
impact location in either direction. In shaysteminstallations individual connetions to the
postare forced to withstand greater loads than thiosengerguardrail systemsThere must be
a sufficient quantity of posts in any beam and post system to develop the axial strength of the
beam. Testno. 131 consisted ofa 37 ft 7 6 in. (11.4 m) unanchord section of 1Zjauge

galvanized steetorrugateebeam guardraivith seven8-in. x &in. x 64in. (203mm x 203mm
4
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x 1,626mm) Douglas Fir posts spacedtd 3in. (1.9 m)on center with a 3@. (914mm) post
embedment. Machine bolt§/8-in. (16mm) diameter with round cut washers under the head
and nut were used to fasten the rallke test article was subjected t&a&mph (1014-km/h),
25-degeeimpact near the center post with 840-1b (2,059-kg) large passengeedan.The test
was unsuccessfas thevehicle penetratedhroughthe barrier, andthe guardraisnaggedn the
vehicle and was drug awayhis failure led to a second tesgstno. 132 with a total system
length of62 ft 7 6 in. (19.1 m)undersimilar impact conditionsin an attempt to increase end
rigidity, a slight flare was formed by modifying tiéockoutsat each end of the guardraio
blockouts were placedn the end postsand 4in. (102mm) deepblockouts were placed on the
second postfrom eah end.Impact occured 2 ft (0.6 m) downstream of post no A& before,
thesection was unanchorgahd hetest failed Again, he vehiclepenetraédthroughthe barriey
andtheguardrailsnagged on the vehicle

Based ondst nos131 and 132it was concluded thany unanchored guardiasection
wasvulnerable to severe impacts, such athattest conditions 0 mph(96.5 km/h) and 25
degresswhen struck within 30t (9.1 m)of either endregardless of the length of the sectithn
was determined that loads must tvansferred to the soil by some other means than through
inline posts for short sectiof$3]. In addition to &st nos. 131 and 13Rpordlin et al. conducted
six full-scale crashtestson short sections of blockeout, corrugated metal beam guardrail
systems.Threeof thesetests were performed on figanding sections using twdifferent end
anchorage systems. The otliaree testsvere performean simulated bridge approach guardrail
flares using a cable anchor assembly on the upstream erakigidi attachment to the concrete
bridge rail parapet at the other end.

Oneendanchorage system, k n o wn was seveloped byfthE e x a s

Texas Highway Departmenthe results otestnos.133 and 134 indicatethat short guardrail
5



August12, 2013
MwRSF Report NoTRP-03-276-13

sectionautilizing the "Texas Twist"performedadequatly whenimpacted neathe center of the
guardrail[13]. However,systemperformance was poavith regard to impacts onto the ramped
ends.The installations for these two tests wégft i 6in. (19.1m) long with 18ft 9-in. (5.7-m)
sectiors of beamat each endwisted 90degees axially and bent down. The ends were bolted to
a fabricated steel post encased in afinl&liameter by5-ft (457-mm x 1.5m) deep concrete
footing. Intestno. 133 the impact occurred neére centerof the guardraibystemat a speed of
56 mph (90.1 km/h)and an angle of 3degees The vehicle was redirectednd the barrier
proved effective. Testo. 134 was conducted on treoped endegionof the barrier. The sedan
impacted at 63nph (101.4 km/h) an®4 degeesapproximatelyd ft 1 11in. (1.5 m)from the
concrete footingThe vehicle gaultedthe tarrier andultimatelyrolled over.

Further #empts to provide end anchoragesreinvestigatedvith the development of a
cable end anchdrl3]. Testno. 135 utilized a 56t (15.2m) section of blockeebut guardrail
constructed on a parabolic flafdo blockoutswere placedn the end postsand 4in. (102mm)
deepblockouts wereplaced on the second ps$tom each end. Round cut washers were used
under all bolt heads. A 4. (19mm) steel cable with a 21-#bn (213-kN) tensile capacityvas
attached to the barrier end with a custom fitting between the first and second posts. The opposite
end was clamped to &4in. (32mm) eye bolt attached to a steel section cast irl&im.
diameter by 5t (457-mm x 1.5m) deep concrete footing. Theshicle intestno. 135 impacted
the barrier at 59nph (95 km/h) and28 degeesand remained in contact for 22(6.7 m)before
being redirectedand exiting the system an angle of24 degees. The vehicle sustained
moderate fronend damage, but the tepassed. The success of this test prompted further
evaluationinto the short section & flared guardrailbridge approaclas indicated byest nos.
135 through 138As a result otestnos. 135 through 138, an effective cable anchoring device

was develped for short freestanding sections of guardrail. In addition, an efficient bridge
6
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approach guardrail flare dga was developedwvhich provideda relatively smooth transition
from the semilexible, blockedout beam barrier8{in. x &in. (203mm x 203mm) posts at 6 {t
3in. (1.9 m) on centgthrougha semirigid systembarrier(10-in. x 1Gin. (254mm x 254mm)
posts at 3 fil¥2 in. (1.0 m) on centeto a rigid reinforced concrete bridge rail

The guardrail design was a common factor in each of tteste.At the time of the
resear ch 1 n Qalifiomia Di@seoO 6f Highways standh metal beam guardrail
consistedof a 12gauge (0.105 in.) cougated steel beam mounted &7 (686 mm) above
groundlinewith 8-in. x &in. x 64in. (203mm x 203mm x 1,626mm)treated Douglas Fir posts
spaced6 ft-3 in. (1.9 m)on center[11-13]. The testinstallation summarieszonditionsand

results have been tabulatedTiablesl and?2.



Tablel. TestInstallation Summary

Test Information System Information
No. |Reference Date Organization Length Brief System Description End Conditions [No. of PostgSoil Conditiond
37ft-6in, . . . Both ends rampeq
601 11 7/20/1960| General Motors 3) 121t - 6in. (3.8-m) sections at 37 ft - 6 in. (11.4 m) total 4 D
[11] (11.4 m) ® in- ( ) I in- ( ) and anchored Y
131 [12] 11/30/1964 Ci:tot::i]c'av\?oeri; of 3(7&46”:;1 371ft-6in. (11.4 m) free standing section of unanchored guardfail. Unanchored 7 Damp
o . |62 ft - 6in. (19.1 m) unanchored (in an attempt to increase end
132 [12] 6/15/1966 Cahforma Dept of621t - 6 in, rigidity, a slight flare was formed by modifying the blockouts at Unanchored 11 Dry
Public Works | (19.1 m) . .
each end of the installation, no blocks on end posts)
62 ft - 6in. (19.1 m) section of guardrail with 18-ft 9-in. (5.7 m) of {
California Dept 0162 ft - 6 in|beam section at each end twisted 90 deg axally, bent down an A
133 [13] 12/15/196 Public Works | (19.1 m) |bolted to fabricated steel posts cast in 18-in. diameter by 5-ft (4 Texas Twist 5 Damp
mm x 1.5-m) deep cylindrical concrete footings.
62 ft - 6in. (19.1 m) section of guardrail with 18-ft 9-in. (5.7 m) of {
California Dept 0162 ft - 6 in|beam section at each end twisted 90 deg axally, bent down an ]
134 [13] 1/18/1967 Public Works | (19.1 m) |bolted to fabricated steel posts cast in 18-in. diameter by 5-ft (4 Texas Twist 5 Damp
mm x 1.5-m) deep cylindrical concrete footings.
50 ft (15.2 m) of corrugated metal beam guardrail constructed W
parabolic flare. No block out blocks on end posts/4-in. (102-mm
California Dept ol 50 f blocks on second to end. Secured with 3/4-in. (19-mm) steel ca|
135 [13] 8/10/1967| ?DI OblicIe:N:riso 152 m attached with special fitting to beam between first and second Cable Anchor 8 Dry
u (152m) posts. Other end was clamped to a 1-1/4-in. (32-mm) eye bolt
attached to a steel 8 WF 17 section cast in an 18-in. diameter
(457-mm x 1.5-m) deep concrete footing.
Success of Test 135 prompted Test 136 which anchored upstr,
California Dept ol 53ft |end of bridge guardrail. 53-ft (16.2-m) section with initial 12 ft (3.] Cable Anchorto
136 [13] 9/28/1967 Public Works | (16.2 m) |installed with enough curvature that remaining 41 ft (12.5 m) wa Concetg Brldge En 9 Dry
installed in a straight line. 0s
To correct deficiencies noted in Test 136. 50 ft (15.2 m) section
end offset 4 ft (1.2 m) from projected face of bridge. Blockout blg Cable Anchor to
California Depto{ 50ft |between guardrail beam and the concrete was fabricated of 1/4 Concete Bridge En
137 13 2/28/1968 i . ] 9 Dam|
[13] Public Works | (15.2 m) |mm) steel plate rather than the wood vlock post spacing near | Post (with change P
concrete bridge decreased to 3 ft-1% in. (1.0 m). Three timber r3 noted)
posts were changed to 10-in. X 10-in. (254-mm x 254-mm)
Cable Anchor to
Callifornia Dept o{ 50 ft . .
1 1 2/1 | | T 137 B E Di
38 [13] 5/2/1968 Public Works | (15.2m) dentical setup to Test 13 Concetsosrldge n 9 ry

€T-9/2-€0dHION Hoday 4SHMN

€102 ‘ZTIsSnbny
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Test | Reference Ign pea;(; Impact Vehicle Exit
N%S NO ngph Angle Impact Location Weight/Mass| Angle | Pass/Fai
(km/h) degrees Ib (kg) degrees
65 3,963 ,
601 [11 (104.6) 25 Near Center (1.798) NA Fail
63 4,540 ,
131 [12] (101.4) 25 Near Center Post (2.059) NA Fail
61 2 ft (0.6 m) downstream 4,540 :
1821 12 | 9g2) | 2 of Post 4 2059 | NA Fail
56 2 ft (0.6 m) downstream 4,540
183 1 13 | g1y | 30 of Post 2 (2,059) ! Pass
41ti 11in. (1.5 m)
63 4,540 .
134 [13] (101.4) 24 upstream from the (2.059) NA Fail
concrete footing
59 Between Post nos. 2 an 4,540
135 [13] (95) 28 3 (2.059) 24 Pass
60 18 ft (5.5 m) upstream o 4540
136 [13] (96.6) 33 the simulated bridge en (2.059) NA Falil
post
61 . 4,540
137 [13] (98.2) 27 Near center of guardrai (2.059) 16 Pass
61 Upstream of the end 4,670 .
138 [13 (98.2) 25 anchor cable attachmer,  (2,118) NA Fail
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3 CRITICAL LENGTH AND IMPACT POINT

3.1 Critical Length

A finite element simulation using LBYNA was performed in order to determine the
impact point for fullscale crash testinpl4]. The LSDYNA simulation of the 2270P model
impacting the standartlGS guardrail systerwvas validated withprior full-scale crash testing
[15]. Based on previous testing and knowledge of longitudinal guardrail systems, the researchers
at Midwest Roadside Safety FaciliwRSF) had determined that the MGS could potentially
bereduced in length, maylses short as 75 ft (22.9 mherefore, theMGS modelfor this study
wasreduced tor5 ft (22.9m). Simulations of a 2270P vehicle impactingé@t mph(100 km/h
and 25 degrees were conducted on thdt 122.9m) long MGS to determine the range of
impactsfor which a vehicle coulgossiblybe contained and redirectedthout gating through or
destroyinghe end anchorage.

The basic end anchoraggstemused at MWRSF for crash testing the M&®&J other W
beam guardrailystemswas constructed from standaeddterminal hardwaravhich originated
in the modified Breakaway Cable Terminal (BCT) end andhar is now installed tangent
However, steel foundation tubes with soil plates have been replaced with longer stegidounda
tubes.Although the MWRSF end anchoraggstemis not a crashworthypstreamend terminal,
it does provide adequate and representative tensile anchorageragated beanguardrail
systens. This anchorage hardware halso undergone successful ftdtale crash testing when
configured as a tragnd terminal 10,16].

Standard testing for the MG®as conductedvith system length of 175 ft (53.3 m)
Although not quantifiable at this time, it is believed that a considerable amouwrigifudinal
loading is absorbed by the postgt arenat directly in the impact regionyhich reduesthe

loading at the anchors. Due taeducedbarrierlength, crashtestingon a 75ft (22.9m) long
10
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MGS may increase loadingp both endanchorsregardless othe impactiocation According to
MASH, postno. 3 is usually considered the lengiiineed (LON) impact locatiofor guardrail
end terminals. As suclenergyabsorbingguardrailend terminalsare required to redirean
impactingvehicle atthis point
3.2Impact Point

LS-DYNA simulations were performedlong the system length die shorened MGS.
These simulations were not an evaluation ofoverall safety performana# the barrier and end
terminals. Rather, the initial simulations were conductemhtestigatean impact point which
when fulkscale crash testeayould successfully eluate the shortened MGS syste#.full -
scale crash test at the upstream LON, pos8, testedthe basicupstream impact location for the
75ft (22.9m) MGS andalso testedhe actual strength of the end anchosageed at MWRSFas
shown inFigurel. Simulations indicatethat impacting at posto. 8 would result in successful
redirection;but the downstream end anchorage would be destroyed. Simaariypact at post
no. 7 would provde successful redirection gnalthough the end anchorageas damaged, it
would not be completely destroyeas shown irFigure2. Thus, he range of impacthat woud
result in a vehicle redirectionasdetermined to bbetween posho. 3 and posho. 7 for the 75

ft (22.9m) longMGS atTL-3 conditions.

11
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i e

Figurel. LS-DYNA Simulation, 2270P Impacting A (22.9m) MSG at Pet no. 3

12
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Figure2.LS-DYNA Simulation, 2270P Impacting5-ft (22.9m) MSG at Post no. 7

Although LSDYNA simulations indicated that impacts within this range may provide
redirection capabilities, there asgynificant simplifications in the model that prevent complete
confidence in using it as a predictive tool. Specifically, breaking of the wood posts at the anchors
and the steel post s motion throughchridbgg soi |
The project includeanly one fullscale crash tesso an impact point was desired that would
evaluate the shortened MGS and not the end ancl®ige to the uncertainties associated with
the simulationsit was determined that impact on thefr$22.9m) MGS would occur at post

no. 4 versus post no..3rhisshift in impactlocationwas believed t@ppropriately distribute the

13
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load between both the upstream and downstreradianchors and provide a basis for achieving

the objectives of this minimumifective length MGS project.

14
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4 DESIGN DETAILS

The test installatio consisted of 75 ft (22.9 nof 12-gauge (2.66nm thick) W-beam
guardrailwith a top rail mounting height of 31 in. (787 msypported by steel pos@s shown
in Figure 3. End anchorage systemsimilar to those used on tangent guardrail termjna¢se
utilized on both the upstream and downstream ends of the guardrail sizEsign details are
shown in Figure$8 through14. Photographs of the test installation are shawFiguresl15 and
16. Material specifications, mill certifications, and certificates of conformity for the system
materials are shown if\ppendix A

The system was constructed with 13 guardrail posts. Post nos. 3 through 11 were
galvanized, ASTM A92 W6x8.5 (W152x12.6) steel sections measuring 72 in. (1,829 mm)
long. Postnos. 1,2, 12 and 13 were 5%n. wide x 7%in. deep x 4€n. long (146mm x 19%

mm x 1,168mm) BCT timber posts. The anchor posts waleeed16 in. (406 mm) intds-in.
wide x &in. deep x 74n. long (152mm x D3-mm x 1,829mm), ASTM A53 Grade B steel
foundation tube, as shown in Figufeand6. Post nos. 1, 2, 12nd 13 were placed such that the
top of the BCT post was 32 in. (813 mabovethe ground line.

All posts were spaced 75 in. (1,905 mm) on center dack@d in a compacted, coarse,
crushed limestone matial, as recommended by MASH]] Post nos. 3 through 11 had an
embedment depth @0 in. (1,016 mm). A 6in. wide x 12in. deep x 14%n. long (152mm x
305mm x 368-mm) SouthernY ellow Pine wood blockout was used to block the rail away from
the front face of each steel post, as showhigure10. 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 to prevent
rotation of the blockout.

Standard 1jauge (2.68nm thick) W-beam rails with additional post bolt slots at half

post spacing intervals were mounted on post nos. 1 thrb®gis shown in Figure3 4, and13.
15
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The W-beamhada  2-id. @632mm) center mounting height, such that the center of the rail

was mounteda i ®1mmj flom the top of the BCT timber post. Rail splices weocated at

midspars between posts, as shown in FiguBeand4. The lap plice connections between the

rail sections were configured to reduce vehicle snag potential at the splice during the crash test.
Load cell assemblies were splicedio the anchor cables in the upstream and downstream

anchorages to measure the loads experienced duringcllé crash testing. The use of these

| oad cell assemblies were purely research ori

performanceThese load cell assemblies would not be implementéae field for use with real

world installations.

16



LT

' 12 Spaces @ 75" [1905] = 75° [22860]

1 2 3 4 5 6 T 9 10 1 12 1
— .1 f i i i i f i i ettt
x . 75"
23 L[WQOS]J
55505 (Typ-)
PLAN VIEW
(%) €LY (03— (e i (a®) ' (a4) ' (%) ‘

ELEVATION VIEW

BCT Posts in 6" [1829] 6x8.5, 72"

Long (Galvanized) W152x12.6, 1829]

Foundation Tubes, Ground ong Posts with

Line Strut, and BCT Cable x12"x14 16/4

Anchor 152x305x362]

lockouts
Notes: 1) Impc:t location for the 2270P is at the centerline of post
no. 4.

(2) The BCT anchor posts are placed in 3’ [914] holes.
(3) Critical region is entire system.
(4) Instrumentation consisting of a string potentiometer, tension

load cell, and high—speed digital video camera are to be
placed on both énd anchors.

BCT Posts in 6’ [1829]
Long (Galvanized
Foundation Tubes, Ground
Line Strut, and BCT Cable
Anchor

MGS 75 ft Length

. 5 System Layout
Midwest Roadside| ™ y

Safety Facility [ we

MGSLENGTH_RE

SCALE: 1:100 |REV. BY:
UNITS: in.[mm]|MDM/KAL

Figure3. Test Installation Layout, Testo. MGSMIN-1

€T1-9.2-€0dYION Hoday 4SHMN

€T0Z ‘2TISnbny



8T

DETAIL C
SCALE 1:6

C
=5 (._ :\ fin
: 5% LT '=_= [ 1 ll ﬁ ‘\
£ + i  —— t A
= ==
| Lol
DETAIL A

e @01 =W
L& J
[787] [813]
Ground
Line
40"
[10186]
SECTION B-—B

MGS 75 ft Length

Midwest Roadside

Safety Facility

Posts 3—11 Detail

SHEET:
2 of 14

DATE:
5/9/2013

DRAWN BY:
DMH/RJT,
cwpfssc./

DWG. NAME.
MGSLENGTH_R@

SCALE: 1:24 |REV. BY:
UNITS: in.[mm] [MDM/KAL

Figure4. 31-in. (787mm) Tall MGS Details, Test NOGAGSMIN-1

€T1-9.2-€0dYION Hoday 4SHMN

€T0Z ‘2TISnbny



6T

89 1/2”

5

End Section Detail

(

——_———— e —— e —— -

[2273]
45 5/8”"
[1160]
D
£ |
——— Vi \ H —
= : s \\‘I
—— 30 2
=——=
Ft‘
BCT Cable with
Load Cell Assembly L
Ground 1 . 1 &]]
Line

L

Midwest Roadside
Safety Facility

H]
Aé Ground
Line
N~—1
-5
e @
[1778] “
SECTION D-D
[SREET: |
MGS 75 ft Length i
DATE:
5/9/2013
DRAWN BY:
End Rail Details &'{‘,WEQ

DWG. NAME.
MGSLENGTH_R@

SCALE: 1:24 |REV. BY:
UNITS: in.[mm] [MDM/KAL

Figure5. BCT End Anchor Details, Test NMGSMIN-1

€T1-9.2-€0dYION Hoday 4SHMN

€T0Z ‘2TISnbny



0¢

b5
{ { b h
‘““J- ------------------ el =) @ ] @
/‘\ | | J I
— — o — .’
\ / ' i
] L= 2
\@ @ n
i i i
DETAIL E Groung ; it
| : é;
i i
i i
i i
i i
i i
i i
!
]
DETAIL F
DETAIL H
[SREET: |
i ’ MGS 75 ft Length il
DETAIL G DATE:
5/9/2013
. DRAWN BY:
Midwest Roadside| """ *t*® B/
S(]fety FQCi“ty DWG. NAME. [SCALE: 1:6 IFEV. BY:
MGSLENGTH_RE UNITS: in.[mm] [MDM/KAL

Figure6. BCT End Anchor Details, Test NMGSMIN-1

€T1-9.2-€0dYION Hoday 4SHMN

€T0Z ‘2TISnbny



Tc

| 80 1/16"
[2033]

Notes: (1) 6x25 IWRC IPS cables meet the minimum breaking
strength of 42.7 kips [190 kN] and may be
substituted for the 6x IWRC “IPS cables.

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

[SREET: |
MGS 75 ft Length (pRoEE
DATE:
5/9/2013
Modified BCT Cabl ith Load e
- » oaqirie aple wi 0oa
Midwest Roadside| Cell Assembly Qe
DWG. NAME.

Safety Facility

MGSLENGTH_R@

SCALE: 18 |REV. BY:
UNITS: in.[mm] [MDM/KAL

Figure7. Modified BCT Cable with Load Cell Details, Test NdGSMIN-1

€T1-9.2-€0dYION Hoday 4SHMN

€T0Z ‘2TISnbny



¢c

| 29 1
[750]

15”

[381]

7" 2 1/2" 5"

o [178] [64] "1 h[mﬂ—'
[25]

1 /
@1"—UNC 8 [25x3] Part d3

R3 /4"
[sz/c;j R1 3/8"
[3

@1 1/2"
(381 ..
; %
o1 1/4"
[32]
f

1 % 3 8"
2 96/516 [gé]

Note: (1) Dimensions are not necessarily representative of the part;
see final part for actual dimensions

3/4” [SREET: |
1/4* 107 MGS 75 ft Length o 1
[/6] DATE:
R 1 /4" 5/9/2013
. I i3
R3/8 - — T DRAWN BY:
[10] Midwest Roadside| Medified BCT Cable /e
Part d4 Scfety FGCi“ty DWG. NAME. SCALE: 1:4 IFEV. BY:
MGSLENGTH_RE UNITS: in.[mm] [MDM/KAL

Figure8. Modified BCT Cable Details, Test NMIGSMIN-1

€T1-9.2-€0dYION Hoday 4SHMN

€T0Z ‘2TISnbny



ee

R3"
R1 5/8" [76]

[(41]

\_L/ Nt
~ %
TT T

o

A LD

A/

U/ L/
Part el

[

R1 1/4" R2 5/8"
[32] [67]
1 .3/8"
[35] 7S
1/2"
5
37/8"
” 7 ‘\
“Oi] [gg] / \
I —
R1 9/16"

1.1/2" i [40]
¢ [38{

Part f1

2hreer

Midwest Roadside
Safety Facility

MGS 75 ft Length

Shackle and Eye Nut

SHEET:
7 of 14

DATE:
5/10/2013

DRAWN BY:
DMH /RJT,
CWP;ESG/

DWG. NAME.
MGSLENGTH_R@

[SCALE: 1:4

REV. BY:
UNITS: in.[mm] [MDM/KAL

Figure9. Shackle and Eye Nut Details, Test M6GSMIN-1

€T1-9.2-€0dYION Hoday 4SHMN

€T0Z ‘2TISnbny



144

FigurelO.

3/4" 1"
(191771 [25]
T 4 1" —
L
[181] ; [25]
i
34"
6]
72"
[1829]
s L | ||
Line Post
Part a1

12 (132)
305
o 68
l 7 1/8”
14 1/4" [181]
[362]
44—
Blockout
Part a2
12" 6"
"| [305] |* [152]
4
I 7 1/8"
14 /4" [181]
[362]
L 1.3/4”
[44] T

Alternate Blockout Opt

6"x4"x14 1/4"
with 6"x8"x14 1/4

” ”

x4 x14 1
[152x102x362] "Blockout

[[152x102x 62% Blockout
2] Blockout

[152x203x3

6"x8"x 1 é
[152x203x362] lockout

2hreer

Midwest Roadside
Safety Facility

MGS 75 ft Length

Post Nos. 3—11 Details

SHEET:
8 of 14

DATE:
5/9/2013

DRAWN BY:
DMH /RJT,
CWP;ESG/

DWG. NAME. SCALE: 1:20 |REV. BY:
UNITS: in.[mm] [MDM/KAL

MGSLENGTH_R@

Line Postand BlockoutDetails, Test NOMGSMIN-1

€T1-9.2-€0dYION Hoday 4SHMN

€T0Z ‘2TISnbny



T4

8"
F[203]

Anchor Bracket Bearing Plate
rt c4

2 3/4" 7 1/2"
‘ W [70] *][191]|‘
7 1/8" ’
[181]
3/4"
6]
23 7/8"
[606]
48
[1168]
@2 1/2"
\ [64]
i )
\_Q’[%? [445]
5 1/2" 3 3/4"
L—‘L [14{)] L"_ [95]
BCT MGS Timber Post
Part c1
@2 3/8"
le 6" | (g0l
[152]
®1 1/8"
[29] ]
4
3
[76]
1/8”" T
[4]
BCT Post Sleeve
Part c6
SCALE 1:4

5/8"
[16]

J

[203]

e

art ¢
SCALE 1:8

3/16"

5
eI [ e8]
AR 2

[102]*1‘—“

7h»
[1829

[432]

e

[25]

J 5" |- ‘ “ 8 L
[152] Foundation Tube [203]
Part c2

Safety Facility

R |
MGS 75 ft Length 9 of 1
DATE:
5/9/2013
BCT Timber Post & i
. . mber [o}5)
Midwest Roadside Foundlction Tube Details R

DWG. NAME.
MGSLENGTH_R@

SCALE: 1:16 |REV. BY:
UNITS: in.[mm] [MDM/KAL

Figurell BCT Postand Foundation Tubetails, Test NOMGSMIN-1

€T1-9.2-€0dYION Hoday 4SHMN

€T0Z ‘2TISnbny



9¢

Figurel2.

Three Sides 0 W
S/T"[4.8]‘7®\'_ /4764175 1/2 [140]\ /Anchor Bracket

®3/1 6"4.8])/

Pl Q
PLAN VIEW "
3/4" (Typ.)
[19]
Strut Yoke
4"
" » T [102] [ 4o " _—
o 1 ‘ I <l 51 D 102 102 D 51 P
= [51] [102] [102] [51] /
[1905] &) =) =) I ‘
78" 5 8"
f [1981] ! ] [14/3] __Q,J
FRONT VIEW L e e e e l
Strut and Yoke Assembly 1[24{?
Part. o3 ” Anchor Bracket Assembly
3 FPAO1
et art ¢
8" SCALE 1:8
[152] 3" 3/8”
- - 076117 4 /0 [10]
67 " |"“ [34]
L [1702] R1/2" (Typ.) i
[13] 2 3/47
i Strut [70]
6"x3" [152x76] 10 Gauge [3.4]
t \ o1 1/8"
1.3/8 | [29]
8 1/2"” [35]
*| [216] [~
5 1/2 Anchor Bracket End Plate
[140] SCALE 1:8
R5/16" (Typ.)
3/16" [8]
[5] TeREET |
4 1/an # MGS 75 ft Length OGBS
1/2" H_ 102 .
[1/3] Y [108] }: [ ] :7:/2015
3" T 1 1/2° DRAWN BY:
R1/2" . . d S &
[1/3] [76] [38] Midwest Roadside| ancher Brocket Detals QiR
Yoke ®7/8"[22] x 2"[51] Slot Scfety FGCi“ty DWG. NAME. [SCALE: 1:16 IFEV. BY:
MGSLENGTH_R8 UNITS: in.[mm ] |MDM,/KAL

Ground Strut and Anchor Bracket Details, Test N&GSMIN-1

€T1-9.2-€0dYION Hoday 4SHMN

€T0Z ‘2TISnbny



LZ

87 1/2”
[2223]

6'—3" [1905] W—Beam Section, 12 gauge [2.7]
Part a3

Bl (Typ.)ﬂ 8[211/62] U[su
4"x2 1/2"

ﬁ.% x64>j Slot

162 1/2”
[4128]
= = = = =
43 3/4” 37 1/2" (Typ.)
P [1111] —T [953] &
12’—6" [3810] W—Beam Section, 12 gauge [2.7]
Part a4
162 1/2"
= [4128]
[1499]
K
= —— = —
43 3/4” 37 1/2" (Typ.)
= [1111] — T [953] £

12'—6" [3810] W—Beam Section, 12 gauge [2.7], End Section
Part a5

o

DETAIL J
SCALE 1:15
4" (Typ.)
[102]
.
/[ A\
[@ © o o |\

DETAIL K
SCALE 1:15

@3/4" [19] (Typ.)

MGS 75 ft Length

Midwest Roadside
Safety Facility

Rail Section Details

SHEET:
11 of 14

DATE:
5/9/2013

DRAWN BY:
DMH/RJT,
cwpfzsc./

DWG. NAME.

MGSLENGTH_R@

SCALE: 1:30 |REV. BY:
UNITS: in.[mm] [MDM/KAL

Figurel3. W-Beam Guardrail Details, Test NAlGSMIN-1

€T1-9.2-€0dYION Hoday 4SHMN

€T0Z ‘2TISnbny



8¢

Item No. Qry. Description Material Specifications Hardware Guide
a1 9 W6x8.5 6" Long [W152x12.6 1829] Steel Post (wsﬁgThAs¢ag%3ginMins.osléSEksL.ufg:tgpﬂlo]) PWEOB
a2 9 6x12x14 1/4" [152x305x362] Blockout SYP Grade No. 1 or better PDB10a—b
a3 1 6'—3" [1905] W—Beam MGS Section 12 gauge [2.7] AASHTO M180 RWMO1a
a4 4 12'—6" [3810] W—Beam MGS Section 12 gauge [2.7] AASHTO M180 RWMO4a
a5 2 12'-6" [3810] W—Beam MGS End Section 12 gauge [2.7] AASHTO M180 RWM14a
b1 9 5/8" Dia. x 14" Long [M16x356] Guardrail Bolt and Nut Bolt ASTM A307, Nut ASTM A563 DH FBBO6
b2 9 16D Double Head Nail - =
b3 4 5/8" Dia. x 10" Long [M16x254] Guardrail Bolt and Nut Bolt ASTM A307, Nut ASTM A563 DH FBB0O3
b4 48 5/8" Dia. x 1 1/2" Long [M16x38] Guardrail Bolt and Nut Bolt ASTM A307, Nut ASTM A563 DH FBBO1
b5 44 5/8" [16] Dia. Flat Washer Grade 2 FWC16a
cl 4 BCT Timber Post — MGS Height SYP Grade No. 1 or better PDFO1
c2 4 72" [1829] Long Foundation Tube ASTM A53 Grade B PTEO6
c3 2 Strut and Yoke Assembly ASTM A36 Steel Galvanized —
c4 2 8x8x5/8”" [203x203x15.9] Anchor Bearing Plate ASTM A36 Steel FPBO1
cS 2 Anchor Bracket Assembly ASTM A36 Steel FPAO1
c6 2 2 3/8” [60] 0.D. x 6” [152] Long BCT Post Sleeve ASTM A53 Grade B Schedule 40 FMMO2
c7 4 5/8” Dia. x 10" Long [M16x254] Hex Head Bolt and Nut Bolt ASTM A307, Nut ASTM A563 DH FBX16a
c8 16 5/8" Dia. x 1 1/2" Long [M16x38] Hex Head Bolt and Nut Bolt ASTM A307, Nut ASTM A563 DH FBX16a
c9 4 7/8" Dia. x 7 1/2” Long [M22x191] Hex Head Bolt and Nut Bolt ASTM A307, Nut ASTM A563 DH FBX22a
c10 8 7/8” [22] Dia. Flat Washer Grade 2 FWC22a
TSREET: |
MGS 75 ft Length esstas
DATE:
5/9/2013
DRAWN BY:
Midwest Roadside| > ° " B/t
Safety Facility [ ™= i |ﬁv &%
MGSLENGTH_RE UNITS:in.[mm][MDM,/KAL

Figurel4. Bill of Materials, Test NOMGSMIN-1
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Item No. QTY. Description Material Specifications
d1 4 115—HT Mechanical Splice — 3/4” [19] Dia. As Supplied
d2 4 3/4" [190] Dia. 6x19 IWRC IPS Wire Rope IPS Galvanized
d3 4 BCT Anchor Cable End Swage Fitting Grade 5 — Galvanized
d4 4 Crosby Heavy Duty HT—3/4”" [19] Dia. Cable Thimble Stock No. 1037773 — Galvanized
Crosby G2130 or S2130 Bolt Type Shackle — 1 1/4” [32] Dia. with _ .
el 4 thin I'¥eod bolt, nut, and cctterygin, Grade A, Closs{ 3 (32] Stock Nos. 1019597 and 1019604 As Supplied
Chicago Hardwgre Drop Forged Heavy Duty Eye Nut — Drilled and .
f1 & Tapped 1 1/2° [38] Bia, —UNF 12" [M36] As Supplied, Stock No. 107
gl 2 TLL—50K—PTB Load Cell NA
N
(]
[SHEET: |
MGS 75 ft Length il
DATE:
5/9/2013
Bill of Material ]
. . ill of Materials
Midwest Roadside R/
Scfety Focility DWG. NAME. [SCALE: NONE [REV. BY:
MGSLENGTH_R8 UNITS: in.[mm ] |MDM,/KAL

Figurel4. Bill of Materials, Test NOMGSMIN-1
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Figurel5. Test Installation Photographs, Test NGSMIN-1
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Figurel6. Test Installation Photographs, Test No. MGSMIN
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5 TEST REQUIREMENTS AND EVALUATION CRITERIA
5.1 Test Requirements

Longitudinalbarriers, such as Weamguardrails must satisfy impact safety standanuls
order to bedeclared eligible for federal reimburseméytthe Federal Highway Administration
(FHWA) for use onthe National Highway SystenfNHS). For new hardwarethese safety
standards consist of the guidelines and procedures published in MBASk¢¢ording to TL-3 of
MASH, longitudnal barrier systems must be subjected to twedadlle vehicle crash tesithe
two full-scale crash tests ameted below

1. Test DesignatiomNo. 3-10 consis$ of a 2,45-Ib (1,100kg) passengecar impacting

the system at a nominal speed and angle om@a (100 km/h) and 25 degrees,
respectively.

2. Test DesignatioNo. 3-11 consiss$ of a 5,0@-Ib (2,268-kg) pickup truck impacting

the system at a nominal speed and angle of 62 mph (100 km/h) and 25 degrees,
respectively.

Prior research has shown successful safety performance for small cars impacting the
Midwest GuardrailSystem[2,4]. Thesesmall car tests resulted in no significant potential for
occupant risk problems arising from vehicle pocketing, wheel snagging on the guardrail posts,
potential for rail rupture, orehicular instabilities due to vaulting or climbing the rdihe rail
deflections and loads experienced by the barrier during these 1100C tests were significantly
lower than the rail deflections and loads resulting from 2270P impacts. Since this proghdt so
to evaluate short system performance in relation to deflections and anchor loading, the 2270P
test was identified as the critical teBherefore, the 1100C small carttdd ASH test designation

3-10,was deemed unnecessary for evaluatinrthe 75ft (22.9m) MGS. The test conditionfor

TL-3 longitudinal barriers are summarizedriable3.
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Table3. MASH TL-3 Crash Test Conditions

Test Impact Conditions '
Test Desianation Test Speed | Evaluation
Article J 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 A,D,F.H,I

! Evaluation criteria explaineid Table4.

5.2 Evaluation Criteria

Evaluation criteria for fullscale vehicle crash testing are based on three appraisal areas:
(1) structural adequacy; (2) occupant risk; and (3) vehicle toajeafter collision Criteria for
structural adequacy are intended to evaluate the ability ofubedrail systemo contain and
redirect impacting vehiclesin addition, controlled lateral deflection of the test article is
acceptableOccupant risk evahtes the degree of hazard to occupants in the impacting vehicle

The full-scale vehicle crash test was conducted and reported in accordance with the
procedures provided iMASH. For longitudinal barriers, only the evaluation criteria pertaining
to the structural adequacy and occupant risk are required. Although not required, ihgpott
vehicle trajectory provides important information about the manner in which the baritected
the vehicle during an impact eveRbstimpact vehicle trajectory 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 a# impacting vehicle and/or other vehicles.
These evalation criteria are summarizedTiable4 and defined in greater detail in MASH.

In addition to the standard agmant risk measures, the Rarsipact Head Decelerain

(PHD), the Theoretical Head Impact Velocity (THIV), and the Acceleration Severity Index (ASI)
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were determined and reported on the test summary. gkaitional discussion on PHD, THIV
and ASl isalsoprovided inMASH.
5.3 Soil Strength Requirements

In order tolimit the variation of soil strength among testing agencies, foundation soil
must satisfy the recommended performance characteristics set forth in Chaptei@andix
B of MASH. Testing facilitiesmust first subject thelesignatedsoil to a dynamic post test to
demonstrate a minimum dynamic load of 7.5 kips (33.4 kN) at deflsdtetmveen 5 and 20 in.
(127 and 508 mm) If satisfactory results are observed, a static test is conducted using an
idenical test installationThe resultsrom this static test become the baseline requirement for
soil strength in future fulscalecrashtestingin which the designated soil is uséd additional
post installed near the impact point is statically testetthe day ofthefull-scalecrashtestin the
same manner assed inthe baselinetatictest The full-scale crash test can be conductely of
the static test results shovsail resistance equal tr greater tha®0 percent of the baseline test
at deflections of 5, 10, and 15 in. (127, 254, and 381 n®t)erwise,the crash t& must be
postponed until the soil demonstrates adeqgpastsoil strength Of course, a dynamic soil test
could also be used to verify that a minimum dynamic load of 7.5 (@B.4 kN) at deflections

between 5 and 20 in. (127 and 508 mm) is achieved.
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Table4. MASH Evaluation Criteria fot.ongitudinal Barrier

Structural
Adequacy

A.

Test article should contain and redirect the vehiclebrang the
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 fitoentest article
should not penetrate or show potential for penetrating the occ
compartment, or present an undue hazard to other tr
pedestrians, or personnel in a work zone. Deformations o
intrusions into, the occupant compartment shouldexaeed limits
set forth in Section 5.3 and Appendix EMASH.

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 mis)

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 ¢ 20.499 6 s
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6 TEST CONDITIONS
6.1 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.

6.2 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 impact with the barrier system.
A digital speedometer on the tow vehicle increbe accuracy of the test vehicle impact speed.

A vehicle guidance system developed by Hifiti 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. Thé-in. (9.5mm) diameter guide cable was tensioned to
approximately3,500 1b(15.6 kN and supported both laterally and vertically eved® ft (305
m) by hinged stanchions. The hinged stanchions stood upright while holding up the guide cable,
but as the vehicle waswed down the line, the guidig struck and knocked each stanchion to
the ground.

6.3 Test Vehicle

For testno. MGSMIN-1, a2005 Dodge Rami500 Quad Cab pickupuck was used as
the test vehicleThe curb, test inertial and gross statieehicleweights were4,9131b (2,228kg),
4,9561b (2,248kg), and5,1261b (2,325kg), respectivelyThe test vehicle is shown Figurel7,
and vehicle dimensions are showrFigurel8.

The longitudinal component of theenter & gravity (c.g) was determined using the

measured axle weightSThe Suspension Methodl§] was used to determine the vertical
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Date: 4/5/2012 Test Number: MGSMIN-1 Model: 2270P
Make: Dodge Ram Vehicle 1.D.#: 1D7HA18N95S5293291
Tire Size: 265/70 R17 Year: 2005 Odometer: 143810
Tire Inflation Pressure: 35psi
*(All Measurements Refer to Impacting Side)
_l_ (— — j‘ Vehicle Geometry - in. (mm)
£ Wheel Wheel o a 781/4 (1988) b 741/2 (1892)
Track Track
_l_ c 2273/4 (5785) d 471/2 (1207)
(— (— e 1401/4 (3562) f 40  (1016)
Test Inertial CM. g 281/6 (716) h 627/8 (1597)
@ ——f——1e€ DA i 153/4  (400) i 253/4 (654)
[T WHEEL DA k_211/2 (546) | 291/2 (749)
jp m 68 (1727) n 673/4 (1721)
b - ! T o o 433/4 (1111) p_31/4 (83
H O B Q K g 31 (787) r 18172 (470)
. f s 153/4  (400) t 751/2 (1918)
Wheel Center Height Front 15 (381)
’ vwremn ) menv f Wheel Center Height Rear 15 (381)
c Wheel Well Clearance (F. 355/8 (905)
Mass Distribution b (kg) Wheel Well Clearance (R, 38 1/8  (968)
Gross Static LF 1471  (667) RF 1367 (620) Frame Height (F) 18 (457)
LR 1145 (519) RR 1143 (518) Frame Height (R) 25 3/8 (645)
Engine Type 8cyl Gas
Weights
Ib (kg) Curb Test Inertial Gross Static Engine Size 4.7L
W-front 2781 (1261) 2734 (1240) 2838 (1287) Transmition Type:
W-rear 2132 (967) 2222 (1008) 2288 (1038) CAutomatic _Manual
W-total 4913 (2228) 4956 (2248) 5126 (2325) FWD 4WD
GVWR Ratings Dummy Data
Front 3650 Type: Hybrid Il
Rear 3900 Mass: 170 lbs
Total 6650 Seat Position Driver

Note any damage prior to test:

Small dent in drive

r's side box (lower rear) very minor hail damage

Figurel8. Vehicle Dimensions, TesttNMGSMIN-1
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component of the c.g. for the pickup trudlis method is based on the principle that the c.g. of
any freely suspended body is in the vertical plane through the point of suspdimgorehicle
wassuspended successively in three positions, and the respective planes containing the c.g. were
establishedThe intersection of these planes pinpointedfithe c.g.locationfor the test inertial
condition.The location of the finat.g.is shown inFigures18 and19. Datausedto calculate the
location ofthe c.g. and ballast informati@meshown inAppendix B

Squareblack and whitecheckered targets were placed on the velialeeference to be
viewed from the higispeed digital video cameras aadl in thevideo analysis, as shown in
Figure 19. Round, checkered targets were placed on the center of gravity on thigldeftoor,
the rightside door, and the roof of the vehicle

The front wheels of the test vehicle were aligtedehicle standards except ttoe-in
valuewas adjustedotzeroso that the vehicles would track properly along the guide caki®
flash bulb vas mounted on théeft side of the vehiclé s  @rad svas fired by a pressure tape
switch mounted at the impact corner of the bumper. The flakhvias fired upon initial impact
with the test article to create a visual indicator of the precise time of imnpatie highspeed
videos A remote controlled brake system was installed in the test vehicle so the vehicle could be
brought safely to a stagter the test.
6.4 Simulated Occupant

For test NoOMGSMIN-1, a Hybrid 1l 50"-Percentile Adult Male Dummy, equipped with
clothing and footwar, was placed in thkeft-front seat of the test vehicle with the seat belt
fastened. The dummy, which had a finaligi® of 170 Ib (77 kg), was represented by model no.
572, serial no. 451, and was manufactured by Android Systems of Carson, Calif@nia.

recommended by MASH, the dummy was not included in calculating the c.g location.
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TEST #:. MGSMIN-1
TARGET GEOMETRY-- in. (mm)

A 77 (1956) E 64 (1626) | 40 (1016)
B 1033/8 (2626) F 403/4 (1035) J 281/8 (714)
C 48 (1219) G 6278 (1597) K 423/8 (1076)
D 64 (1626) H 773/8 (1965) L 59 3/4 (1518)

Figurel9. Target Geometry, Test NMGSMIN-1
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6.5 Data Acquisition Systems
6.5.1Accelerometers

Threeenvironmental shock and vibration sensor/recorder systeene used to measure
the accelerations in the longitudinal, éa&l, and vertical direction®ll of the accelerometers
were mounted near the center of gravity of the test vehi€les.electronic accelerometer data
obtained in dynamic testing was filtered using the SAE Classn@Otlee SAE Class 180
Butterworth filter conforming to the SAE J211/1 specificatiatd.[

The first accelerometer systenthe DTS, was three piezoresistive accelareters
manufactured by Endevco of San Juan Capistrano, California. The three accelerometers were
used to measure each of the longitudinal, lateral, and vertical accelerations indepeaid@ntly
sample rate of 10,000 Hz. The accelerometers were configuired h a r ange of N5
controlled using a DTS Sensor Input Module (SIM), Model TDASBI-16M manufactured by
Diversified Technical Systems, Inc. (DTS) of Seal Beach, California. The SIM was configured
with 16 MB SRAM and 8 sensor input channels w20 kB SRAM/channel. The SIM was
mounted on a TDASR4 module rack which was configured with isolated
power/event/communications, 10BaseT Ethernet and RS232 communication, and an internal
backup battery. The ADTS TDAS Coatustonlized c omp
Microsoft Excel worksheet were used to analyze and plot the accelerometer data.

The second system, SLICE 6DWas amodular data acquisition system manufactured by
DTS of Seal Beach, California. The acceleration sensors were mounted irgsioedih of the
custom built SLICE 6DX event data recorder and recorded data at 10,000 Hz to the onboard
microprocessor. The SLICE 6DX was configured with 7 GB of-nalatile flash memory, a

range of N500 gés, a 8 4,660 Hze(CFCA00)antaidsinglfiler. 0 0 0 H:
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The ASLI CEWaredo computer software programs ar
were used to analyze and plot the accelerometer data.

The third system, Model EDR3, was atriaxial piezoresistive accelerometer system
manugcturedby Instrumented Sensor Technology (IF)Okemos, MichiganThe EDR3 was
configured with 256 kB of RAM, a range of N20
low-pass filter. The i Dy n a Ma x -1 1 confpDtéd software prograrand a custoraied
Microsoft Excel worksheet were used to analyze and plot the accelerometer data.

6.5.2Rate Transducers

An angle rate sensor, the ARS00, with arange of 1,500 degrees/sec in each of the
three directiongroll, pitch, and yawvas used to measure the ratésotation of the test vehicle
The angular rate sensor was mounted on an aluminum block inside the test nehicle
center of gravityandrecordeddataat 10,000 Hz to the SIMIhe raw data measurements were
then downloaded, converted the properEuler angles for analysis, and plottéche A DT S
TDAS Coaormputerlsaitware prograand a customized Microsoft Excel worksheet were
used to analyze and plot the angular rate sensor data.

A second angle rate sensor system, the SLICE MICRO Triax ARB anange of 1,500
degrees/sec in each of the three directions (roll, pitch, and yaw) was used to measure the rates of
rotation of the test vehicle. The angular rate sensors were mounted inside the body of the custom
built SLICE 6DX event data recorder carrecorded data at 10,000 Hz to the onboard
microprocessor. The raw data measurements were then downloaded, converted to the proper
Eul er angles for anal ysi s, and plotted. The
customized Microsoft Excel worksheetre used to analyze and plot the angular rate sensor

data.
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6.5.3Pressure Tape Switches
For test noOMGSMIN-1, threepressureactivated tape switches, spacedpproximately
6.56ft (2-m) intervals, were used to determine the speed of the vehicle before .iEpeltttape
switch fired a strobe light which sent an electronic timing signal to the data acquisition system as
the left-front tire of the test vehicle passed overTiest vehicle speeds were determined from
electronic timing mark data recorded using TestP and LabVIEW computersoftware
programsStrobe lights and higepeedvideoanalysis are used only as a backup in the event that
vehicle speed cannot be determined from the electronic data.
6.5.4Digital Photography
Three AOS VITcam high-speeddigital video camerasthree AOS X-PRI high-speed
digital video cameraone AOS SVIT high-speed digital video camera, folvC digital video
camerasard two Canondigital video cameras werdilizedto film test no MGSMIN-1. Camera
details, camera operating speedens information, andh schematic of the camera locations
relative to the systemreshown inFigure20.
The high-speedvideos were analyzed using Im&ggress MotionPlusand RedLake
MotionScopesoftware programs Actual amera speed and camera divergence factors were
considered in the analysts the highspeed videosA Nikon D50 digital still camera waslso

used to document prand postest conditions for all tests.
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53" [16.1 m] g o
f 40" [12.2 m]—-_w [ m]_—’ﬁﬁ
Sl -1 48 Ml o (122 m)
36" [11.0 m] £ i 42' [12.8 m]
5 17 a1’ (247 m] o o sk ) o ge
o
No. Type O?f?;ﬁlgglssep;ed Lens Lens Setting
2 AOS Vitcam CTM 500 Cosmicarl2.5mm Fixed NA
2 3 AQOS Vitcam CTM 500 Osawa 280 60
o 4 AOS Vitcam CTM 500 Sigma 24135 35
25| 5 AOS X-PRI Gigabit 500 Sigma 2470 35
o~ 6 AOS X-PRI Gigabit 500 Canon 17102 102
T 7 AOS X-PRI Gigabit 500 Fujinon 50mm Fixed NA
8 AOS SVIT 500 Sigma 50mntFixed NA
° 1 JVCi GZ-MC500 (Everio) 29.97
g 2 JVCi GZ-MG27u (Everio) 29.97
> 3 JVCi GZ-MG27u (Everio) 29.97
_Tg 4 JVCi GZ-MG27u (Everio) 29.97
= I Canon ZR90 29.97
2 Canon ZR10 29.97

Figure20. Camerd_ocations, Speedand LensSettings Test NoMGSMIN-1
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7 FULL -SCALE CRASH TEST NO. MGSMIN -1

7.1 Static Soil Test

Before fullscalecrashtestno. MGSMIN-1 was condu@d, the strength of the foundation
soil was evaluated with a static test, as descnb@dASH. The static test results, as shown in
Appendix G demonstrated a doesistance above the baseline test limitaus, the soil provided
adequate strength, afal-scale crash testing could be conductedhenbarrier system.
7.2TestNo. MGSMIN -1

The 5,1261b (2,325kg) pickup truck impacted thé5-ft (22.9m) long, 3%in. (787mm)
tall MGS at a speedfd3.1 mph (101.6 kmjhand at an angle @4.9degreesA summary othe
test results and sequential photographs are showrrignre 23. Additional sequential
photographs are shown kigures24 through26. Documentary photographs of the crash test are
shown inFigure27.
7.3Weather Conditions

Testno. MGSMIN-1 was conducted oépril 5, 2012 at approximately3:45 pm. The
weather conditionsas per the National Oceanic and Atmospheric Administratgiation

14939/LNK) were reporte@nd areshown inTable5 [20].

Table5. Weather Conditions, Test NWIGSMIN-1

Temperature 67° F

Humidity 32%

Wind Speed 9 mph

Wind Direction 120 from True North
Sky Conditions Sunny

Visibility 10 Statue Miles
Pavement Surface Dry

Previous 3Day Precipitation | 0.00in.

Previous 7Day Precipitation | 0.00in.
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7.4 Test Description

Initial vehicle impact was to occat the center linef post no4, as shown irFigure 28,

which wasselected usin§gS-DYNA simulation to test the upstream impact location for thé 75

(22.9m) MGS systemThe actual point of impact wasin. (102 mm) downrstream of post nat.

A sequential description of the impact evestsontainedn Table 6. The vehicle came to rest

facing downstream &t38ft (42.1 m) downstream of the initial impact miand17ft 1 6in. (5.3

m) laterally away from the front of the railhe vehicle trajectory and final positiame shown in

Figures23 and29.

Table6. SequentiaDescription of Impact Eventest NoMGSMIN-1

TIME

(sec) EVENT

0.000 The left side of the front bum.per impqcitdaéguardrail 4 in. (102 mm)
downstream of the intended impémtation.

0.006 | Post no. 4leflected laterallyaway from the traffic side

0.024 | Post no. 5 defleedaway from the traffic sidand post no. 3 deflected downstres

0.028 | Upstream anchors, post nos. 1 and 2, started to deflect downstream.

0.034 Theleft-front headlight shatte_:d Kinks began to form in _the top corrugation of t
rail, upstream of post no, @hile post no. 4 started to twist downstream.
A dent f or me deftifront fenderandwkiakls iormédendhe rail at the

0.040 midgpan between post nos. 4 and 5.

0.046 | The downstream anchors, post nos. 12 anthd@an deflecting upstream.
The left side of the front bumper contacted the front face of post no. 5. Post n

0.062 began to deflect backward.

0.064 | Rail disengaged fromostno. 5, ad post no. 6 twisted upstream.

007 Vehiclgbegarto [eo_lirect downstream. Post nos. 6 thro@dWisted upstream.
Ve hi eft-feoidt ire overrodepost no. 5.

0.098 | Post no. 7 deflected laterabiyvay from the traffic side

0.108 Ralil d?sengaged from posb. 6. Kinking and flattening contindéo occur along
the rail.

0.120 | The blockout disengaged from post no. 6.
Post no. 9 twisted downstream and post no. 8 deflesteg from the traffic side

0.148 | Ve hi c | -&antdendererdishedurther inward andlue totheleff r ont t
orientation it wasapparenthatthe steering linkhaddisengaged.

0.174 | Rail disengaged from post no. 7.
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0.180 | The blockout disengaged from post no. 7.

0.218 | The leftfront tire overrodepost no. 7.

0.288 | Post no9 deflectedaway from the traffic sideand the vehicleverrodepost no. 8.

0.314 | The vehicle became parallel with thgstemata speed of 42.3 mph (68.1 km/h)

Post no. 1l@leflected awayrom the traffic sidewhile post no. 4 deflecteadward

0.376 the traffic side

Vehicle overrode post no. 9 abdganto roll away from barrierTheleft-front tire

0.408 disengaged from the vehicle.

0.488 | Vehicle be@nto pitch downward and post nos. 12 and 13 deflected upstream.

0.594 | Vehicle continud to pitch downward and yaw away from the barrier.

0.700 | The vehicleexitedthe systenat32.9mph 62.%m/h).

0.798 | Vehiclebegarto roll toward the system.

0.898 | Rall disengaged from post no3.1

1.070 | Vehiclepitchedupward.

1.188 | Rightrear tire contacted the ground.

7.5 Barrier Damage

Damage to the barrier wasoderateas shown in Figure30 through37. Barrierdamage
consised ofdeformed Wbeam rail,contact mark®n sections of guardrail and posts, deformed
steel postsand crackedvood BCTanchor postsThe length of vehicle contact along the barrier
was approximatel@7ft i 2in. (11.3m), which spanned frord in. (102 mm) dowrstreamof the
centerlineof post no. 4hrough the centerline @ost no. 10.

Numerous kinks in the top and bottom corrugations of the rail were ®umd203 mm)
upstream of post no. 3 through 2 in. (51 mm) downstream of po%fipas showimn Figures30
and31. Flattening of the guardradlccurredat the splice between post nos. 4 and 5 and estend
to post no. 8The bottom corrugation was folded back at post nos. 5 and 6 as well as from the
splice between post nos. 7 and 8 to post no. 9. THeedvh guardrail detached from post nos. 5
through1l and 13A ¥rin. (6-mm) vertcal tearwas foundat the downstream eraf the slotat

post no. 6.Buckles were found 2 in. (51 mm) upstream of post no. 4 near the post bolt and at

47



August12, 2013
MwRSF Report NoTRP-03-276-13

post no. 10A dentin the rail occurrealightly upstream and alve the bolt slot at post no. 5, as
shown inFigure34.

Post no. Zracked in multiple places: (1) acrdke topof the post3Yz in. (89 mm)from
the front (2) a 7in. (178 mm) long vertical crack on the upstream side near the;laid(3) a
10-in. (254mm) long crack on the downstream side, measured from the ground up. The front of
post nos. 3 and #istedslightly downstream and both blockouts cracked. Furthermore, the top
of the blockout at post no. 4 contained gouging from the rail. Post nos. 5 throbght 8
backward andlownstreammearlyto the groungdwhile the front flanges twisted to face upstream
and the blokouts were disengaget@here were 4n. (178mm) long dents in the upstream front
flange of post nos6 and 7 aflocations12 in. (305 mm)and 8 in (203 mm)from the top,
respectively. Post no. 8 had gougimigthe upstream front flangeetweenll in. (279 mm)and
19 in. (483 mm)from the topof the postAdditionally, post no. 8 had 3in. (76-mm) dent on
the upstream back flangéYz in. (165 mm)from the top.Post no. 9 bent downstream and
backwards the front flangetwisted slightly upstreamand the majority of the blockout
disengaged Post no. 10 twisted slightly downstream wiplitting and cracking located
throughout tle bloclout. The blockout of post no. Ibtated downstream. Post no. dracked
significantly near the ground line. The portionvieen the hole and back face of post no. 12
fractured and the crack continued downward on the front side of the hole as slogur&37.

A ¥rin. (19mm) soil gap was present at the upstreaigeof post no. 1, as shown in
Figure32 Soil gaps o i n mm)(@rid @%2 in. (89 mmjyere present at the froface of post
nos. 3 and 4respectively. There was aite (13mm) soil gap present at the downstreaigee
on post no. 13, as shownhgure37. Large soil displaements were present around the bases of

post nos. 5 through 10.
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The slippage between adjacent rail segments was measured at every splice, lagation
shownin Table7. Slippage at each splice location is shown in Fig@&and39. The maximum
slippagewas found to beE i n . (atLtie spiiam Jocation between post nos. 5 anA 6.
completesummary of the splice separations together with details of the slippage for each of the

splice bolts is provided iAppendix D

Table7. Slippage at Guardrail Splices

Splice Location Mea?rl:.r((agqril)ippage
Post nos. Front of Rail Back of rail
2-3 5/16 (8) 1/4 (6)
45 1/4 (6) 1/4 (6)
5-6 5/16 @) 3/8 (10)
7-8 1/2 (13) 1/2 (13)
9-10 5/16 (8) 5/16 (8)
11-12 1/8 (3) 1/16 (2)
The maximumpermanent set a i | and post defl ecdatpostnas wer e

7 and 21Y4 in.(540 mm) at post no. 5, respectively, as measured in theTfieladnaximum
lateral dynamicset rail and post deflections wet2.2 in. (1,072 mm) at post no.a®d 20.0 in.
(508 mm) at post no.,Fespectivelyas determinedrom high-speeddigital video analysisThe
working width of the system was found to #8.8in. (1,240 mm), also determined from high
speed digital video analysis
7.6 Vehicle Damage

The damage to the vehicle wasoderate as shownin Figures40 through 43. The

maximumoccupant compartment deformatioa® listed inTable 8 alongwith the deformation
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limits established in MASH fovarious areas of the occupant compartmdnhshould be oted
that none of the MASH established deformation limits were violat&dmplete occupant
compartment and vehicle deformations and the correspondingiolugasre provided in

Appendix E

Table8. Maximum Occupant Compartment Deformations by Location

MAXIMUM MASH ALLOWABLE
LOCATION DEFORMATION DEFORMATION
in. (mm) in. (mm)
Wheel Well & Toe Pan 3/8(10) O @29)
Floor Pan & Transmission Tunnel Y4(6) O X3D5)
Side Front Panel (in Front of-Rillar) Y4(6) O X3D5)
Side Door (Above Seat) Y4(6) O (@29
Side Door (Below Seat) Y4(6) O X3D5)
Roof 0(0) O 4 (10
Windshield 0 (0) O @@6)

A majority of thedamage was concentrated on t&#-front corner andeft side of the
vehicle where the impact occurredl.%-in. (19-mm) gap was present between themper and
right-front headlight and the hood was ajar 1% (B8 mm). The left-front bumperkinked,
denteal inward andfolded into the wheel welland thebottom of thegrill cover fractured The
left-front headlightfractured and the fender folded undat the headlightThe leftfront wheel
disengagedand the tie rod fractured. Similarly, the control arm and shock badtthe brake
line was cut. The disengatj@vheelcontainedseveral-in. (51-mm) long dents and gouges along
the rim. Contact marks and denting, 20 in. (508 mm) from the bottom of the door, occurred along
the length of the vehicle. Thep of theleft-front fender separated from the doand the door
was slightly ajarBoth gapsvere approximately a ¥z ifl3 mm)wide. A 5-in. (127-mm) wide

by 1%zin. (38&mm) deep dent was located in the fender behind thedett tire. Contact marks

50



August12, 2013
MwRSF Report NoTRP-03-276-13

were present on the leféar bumper, which bénnwards.No visible damage to the interior
compatment or undercarriage was observed.
7.7 Occupant Risk

The calculatedoccupant impact velocities (OIVs) andaximum 0.016sec occupant
ridedownacacelerations (ORs) in both the longitudinal ankhteraldirections are shown ihable
9. Note that the OI¥ and ORs were within the suggested limitprovided inMASH. The
calculated THIV PHD, and ASlvalues are also shown rable9. The results of theccupant
risk analysis as determined from the accelerometer data, are summariZzédure 23. The
recorded data from the accelerometers and the rate transdueershown graphically in

Appendix F

Table9. Summary of OIVORA, THIV, PHD, andASI Values,Test No.MGSMIN-1

: . Transducer MASH
Evaluation Criteria .
DTS DTS-SLICE EDR-3 Limits
o Longitudinal | -15.50 (4.72) | -14.48 ¢4.41) | -15.88¢4.84) | O 40
fUs (Ms) | | ateral 14.15 (4.31) | 14.66 (4.47) | 14.02(427) | 040 (
ORA Longitudinal -8.95 -8.70 -8.12 O 20.
90s Lateral 6.94 6.16 5.71 O 20.
THIV not
fts (mis) 19.82 (6.04) | 20.18 (6.15) NA required
PHD 9.89 9.62 NA not
gos required
ASI 0.61 0.59 0.57 not
required

7.8 Anchor Forces and Displacements
Forces through the upstream and downstream anchors were measured with load cells

placed in the modified BCT cable assembly, as showrigare 7. Similarly, string pots were
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attached to post no. 1, on the upstream end, and post no. 13, on the downstream end, at ground
level to measure the dynamicsplacementf the anchors inthe longitudinal direction. The

forces and gplacemens through theipstream and downstream anchams presented iRigures
21and22. The 75ft (22.9m) MGS experienced similar forces and longitudinal displacements at
both end terminalsThe peak forceexperienced in thapstream and downstream anchors were

25.9 kips (115.2 kN) and 25.2 kips (112.1 kN), respectively. Similarly, the maximum
longitudinaldisplacements in the upstream and downstream anchorslvédren. (39 mmjpnd

1.70 in. (43 mm)respectively.

Upstream and Downstream Cable Anchor Forces

Test No.: MGSMIN -1
30

——Load Cell (US
25 A

//, ’v 3 /\1\/ [J\‘ +++Load Cell (DS
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o

Force (kips)
= =
o [6)]
S —
%% =
Teo
L
T

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time (sec)

Figure2l. Upstream and Downstrea@ableAnchor Forces
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Upstream and Downstream Anchor Displacements
Test No.. MGSMIN -1
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Figure22. Upstream and DownstreafimchorDisplacements

7.9 Discussion

The analysis of the test results for tast MGSMIN-1 showed that th&5-ft (22.9-m)
long MGS adequately contained and redirected 2#70P vehicle with controlled lateral
displacements of the barrieThere were no dethed elementsor fragmentsthat showed
potential for penetrating the occupant compartment or presented undue hazard to other traffic
Deformatiors of, or intrusiors into, the occupant compartmetitat could have causeskrious
injury did not occur The test vehicle did not penetrate male over the barrier and remained
upright during and after the collisioRorces were evenly distributed amongst the upstream and

downstreananchors, which produced similangitudinal displacement¥.ehicle roll, pitch, and
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yaw angular displacementas shown inAppendix F were deemed acceptable because they did
not adversely influenceccupant risk safety criteriaor cause rolloverlt was deeérmined that

t h e v drhectoryatted impactdid not violate the bounds of the exit b@herefore, tesho.
MGSMIN-1 was determined to be acceptable accordinghto MASH safety performance

criteria for test designation n8-11.
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Figure23. Summary of Test Results and Sequential PhotographsNeeStGSMIN-1
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THICKNESS oot seaee et 12 gauge (2.66 mm) PErMAaNeNt SeL.........ooviiiciiiieee 3 6 B. (924mm)
TopMounting HEight..........c.cccveveveveveececeeeieeceeeee e 31in. (787 mm) Dynamic........... 42.2in. (1,072mm)
1 Key Component SteelPoss Working Width..........ccciiiiiiiiii e A8.8in. (1,240 mm) | N
POSE SPACING. -1+ vreeereeereeeearessessesseeeeeeesessesseneaneen, 75 in. (1,905 mm) . Impact Severity (IS).............. 116.8kip-ft (158.4kJ)> 106 kip-ft (144kJ) MASH limit
Dimensions W6x8.5 x 72in. long (W152x12.6 x 1,829 mm) {1 Transducer Datand Maximum Angular Displacment
Embedment Depth...........cccooeiiiiiniiii f 40in. (1,016 mm) ) o Transducer o
1  Key Component Wood Spacer Blocks Evaluation Criteria MASH Limit
DIMENSIONS..vvvceooeeeeveereeree e 6 x 12 x 14%4 in. (152 x 305 x 362 mm) DTS DTSSLICE EDR-3
T Soil Type....cooveennns ..Coarse, Crushed Limestone Material ?J/V Longitudinal | -15.50 ¢4.72) | -14.48 ¢(4.41) | -15.88 ({4.84) O 40 (
. S -
T VehicleMake MOGel. ..o 2°°5D°dge§%?gﬁ)°(§;ggk%?b ) | Lateral 1415 (431) | 14.66 (447) | 1402(427) | O 40 (
Test Inertial.. ....4,9561b (2,248kg) ORA | Longitudinal -8.95 -8.70 -8.12 O 20. =
GrOSS STALIC....eivveeieierieierireeeeene e 5,1261b (2,325kg) 6 - =
1 Impact Conditions 9 Lateral 6.94 6.16 5.71 O 20. 3
Speed.......coceue. .63.1mph @016 km/h) THIV i ft/s (m/s) 19.82 (6.04) 20.18 (6.15) NA Not required %
ANGIE (TrAJECLOMY)....eeiuvieeiiiiiiee ettt neae e 24.9deg PR - -
Angle (Orientation)..........cocvvereeeiiieiene e 25.3 deg PHDIg0s 9.89 9.62 NA Not required g
Impact Location.............c.eeeueen. 4. in. (102 mm) downstream of post no. 4 ASI 0.61 0.59 0.57 Not required g
1  Exit Conditions o
SPEEM. oo oo 32.9 mph (52.9 km/h) Roll (deg) 6.5 74 NA <75 z
Angle (Trajectory)......NA i exits overhead video before exiting the system Pitch (deg) -5.0 -3.9 NA <75° 5'
Angle (Orientation)..........cooeverieiriieieenee e 11.2 deg -
1 EXit BOX QHErION.......ciiiiiiiii e Pass Yaw (deg) 38.9 38.4 NA Not required (%
T Vehicle Stability.........cccorvieiie e Satisfactory ,:,‘
@
'_\
w
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Figure24. Additional Sequential Photographs, TRst MGSMIN-1
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Figure25. Additional Sequential Photographs, Test N&SMIN-1
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Figure26. Additional Sequential Photographs, TRst MGSMIN-1
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Figure27. Documentary Photographs, Téki. MGSMIN-1
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Figure28. Impact Location, Testio. MGSMIN-1
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Figure29. Vehicle Final Position and Trajectory Marks, THst MGSMIN-1
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