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DISCLAIMER

The contents of this report reflect the views of the authors, who are solely responsible for
the facts and accuracy of the data, and the opinions, findings, and conclusions presented herein.
The contents do not necessarily reflect the official views or policies &Rdhdside Safety
Research Program Pooled Fund Grabp Washington State Department of Transportation
(WSDOT), The Texas A&M University System, or Texas A&M Transportation InstitTies
report does not constitute a standard, specificatiorggulation.ln addition, the above listed
agencies/companies assume no liability for its contents or use thEreafames of specific
products or manufacturers listed herein do not imply endorsement of those products or
manufacturers.

The results reported herein apply only to the article being tédtedull-scale crash test
wereperformed according to TTI Proving Ground quality procedures and according to the
MASHguidelines and standards.

The Proving Ground Laboratory within the T
Roadsi de Safety and Physical Security Divisio
and completeness in its crash test rep@tsrare occasions, unintentional or inadvertent clerical
errors, technical errors, omissions, oversights, or misunderstandings (collectively referred to as
Aerrorso) may occur and may not be identified
published and issuehen the TTI Lab dicovers an error in a published and issued final report,
the TTI Lab shall promptly disclose such errotheRoadside Safety Research Program Pooled
Fund Groupandthe WSDOT, andthe parties shall endeavor in good faith to resolve this
situation.The TTI Lab will be responsible for correcting the error that occurred in the report,
which may be in form of errata, amendment, replacement sections, or up to and including full
reissuance of the repofthe cost of correcting an error in the report shall be borne by TTI Lab.

Any such errors or inadvertent delays that occur in connection with the performance of the
related testing contract shall not constitute a breach of the testing contract.

THE TTI LAB SHALL NOT BE LIABLE FOR ANY INDIRECT,
CONSEQUENTIAL, PUNITIVE, OR OTHER DAMAGES SUFFERED BY THE
ROADSIDE SAFETY RESEARCH PROGRAM POOLED FUND GROUP, THE

WSDOT, OR ANY OTHER PERSON OR ENTITY, WHETHER SUCH LIABILITY IS
BASED, OR CLAIMED TO BE BASED, UPON ANY NEGLIGENT ACT, OMISSION,
ERROR, CORRECTION OF ERROR, DELAY, OR BREACH OF AN OBLIGATION BY
THE TTI LAB.
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Chapter 1. INTRODUCTION

1.1 PROBLEM STATEMENT

When hazards are located near the roadSitdée Departments of Transportation (DOTS)
use barriers such as the Midwest Guardrail System (M&@)pvide protection for motorists.
Whenthe hazards are located close to the roadside, enhanced protection beyond what the
standard MGS can provigeay be requiredn these cases, the typical deflectairthe MGS
may be too excessive for clebg hazards. Therefore, DOTs often gsmrdrail systems which
provide reduced deflections in these situatio
defl ections is to decrease the systembés post

The reduced post spacing MGS has been used by DOTs for quite some time. With the
publicationof theManual for Assessing Safety Hardware (MASM)DTs are updating their
standards and plans to meet W&SHcriteria(1). Thereforejt was desired thdahese reduced
post spacing systems be evaluatedM&SHcompliance.

12 OBJECTIVE

The primary objective of this research project was to evaluate gasespacing
guardrail systems fdnlASHcomplianceThis involves engineering analysis, computer
simulation, and fullscale crash testing.

The purpose of the testeported hereimvas to assess the performance of @S with
reducedpostspacingaccording to the safefyerformance evaluation guidelines included in
AASHTO MASH.Two tests were performed on thN&S with quarter post spacirflyJASH
Tests 310 and 311), two tests on th&#1GS with half postspacingMASHTest 311), andtwo
tess on the MGSransition toquarter post spacindMASHTest 321).

This report provides details of tiMGS with reducedoostspacing detailed
documentation of the crash test results, amassessment of the performance of @S with
reducedpostspacingfor MASHTL-3 evaluation criteria
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Chapter 2. TEST REQUIREMENTS AND EVALUATION CRITERIA

2.1 CRASH TEST MATRIX FOR LONGITUDINAL BARRIERS

Table2.1 shows the test conditions and evaluation criterid®SHTL-3 longitudinal
barriers MASHTest3-10involves a 1100Cvehicle weighing24201b £55 Ib impacting the
critical impact poin{CIP) of the length of need (LON)f theguardrail systemat an impact
speed of 62 mi/h +2.5 mi/h and an angle otl2§rees1.5degreesMASHTest 311 involves a
2270P vehicle weighing 5000 Ib £1®impacting the CIP of thguardrailat an impact speed of
62 mi/h £2.5 mi/h and an angle of 8Bgrees1.5degreesMASHTests 310 and 311 were
performed on th&1GS with quarter post spacingndMASHTest3-11 was performed on the
MGS with half postspacing

Table 2.1. Test Conditions and Evaluation Criteria Specified forMASH TL -3
Longitudinal Barriers .

Impact Conditions i
Test Article Test Designation| Test Vehicle Evalluajuon
Speed Angle Criteria
Longitudinal 3-10 1100C 62 mi/h | 25degrees A D, F HI
Barrier 3-11 2270P 62 mi/h | 25degree§ A, D, F, H, |

The target CIP for each test on the LON of the MGS vathuced post spacivgas
determined using the information providedMASHSection 2.2.-andSection 2.3.2The target
CIPs forMASHTests 310 and3-11 on theMGS with quarter post spacirgeshown in Figure
2.1

181'-3"

43'-9" i ~ 750" -t 376" - -
Posts @ 75" Posts @ 18-3/4" Posts @ 75"

66 |64 62 60 58 |56 52 48 44 40 36 32 28 24 20 16 12 8 [ 4 2 Post Numbers

t’ & Plan View
10-0" J 3 . 207 Typ

T

Impact Path, 610211- 17
Impact Path, 610211- 2—

Figure 2.1. Target CIPsfor MASH Tests 3-10(6102111) and 3-11(6102112) on MGS with
Quarter Post Spacing

The target CIP foMASHTest 311 on theMGS with half postspacings shown in
Figure 2.2
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Figure 2.2.Target CIP for MASH 3-11(6102113) on MGS with Half Post Spacing.

2.2 CRASH TEST MATRIX FOR TRANSITIONS

Table 2.2 shows the test conditions and evaluation criterlASHTL-3 for transitions.
MASHTest 320 involves an 1100C vehicle weighing 2420 |b #5%mpacting the CIP of the
transition from standarplost spacingo quarterpost spacing at an impact speed of 6#/h £2.5
mi/h and an angle of 2begrees1.5degreesMASHTest 321 involves a 2270P vehicle
weighing 5000 Ib +11@ impacting the CIP of theansition fromfull post spacindo quarter
post spacin@t an impact speed of 62 mi/h £2.5 ma#d an angle of 28egrees1.5degrees
MASHTest 320 is optionahndwasnot performed on the transition.

Table 2.2.Test Conditions and Evaluation Criteria Specified forMASH TL -3

Transitions.

. Test Test Impact Conditions Evaluation

Test Article . . hicl L
Designation Vehicle Speed | Angle Criteria

o 3-20 1100C 62 25 A D,F H, I

Longitudinal mi/h degrees
Barrier 62 25
321 2270P mi/h degrees A D, F H,I

The target CIP for each test on thensitionfrom full post spacindo quarter post
spacingwas determined using the information providetMinSHSection 2.2..5andSection
2.3.2.The target CIP fothe firstMASHTest 321 on thetransition fromfull post spacingo
guarter post spacing shown in Figure 2, andthe target CIRor thesecondVASHTest 321
on the transition fronfull post spacindgo quarter post spacing shown inFigure 2.5

|t

et 43'-9"
Posts @ 75"
62 60 58 56 54 |52 43 44

181-3"

62'-6"
Posts @ 18-3/4"

40 36 32 28 24

[ 75" / Posts @ 37-1/2"
- 43'-9"
Posts @ 75"
20 16 (12 8 6 4 2 Post Numbers

Plan View

110"l

Impact Path, 6§10211-4—

Figure 24. Target CIP for MASH 3-21(61021%4) on Transition from Full Post Spacing to
Quarter Post Spacing.

TR No. 61021101

202512-18



= 181%-3"
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62 60 58 56 54 52 48 44 40 36 32 28 24 20 16 |12 10| 8 6 4 2

Figure 2.5.Target CIP for MASH 3-21 (6102115) onTransition from Full Post Spacingto
Quarter Post Spacing.

2.3 EVALUATION CRITERIA

The crash tests and data analysis procedures were in accordance with guidelines
presented iMASH Chapter 3 presents brief descriptions of these procedures.

The appropriate safety evaluation criteria from Tal@2A and5-1 of MASHwere used
to evaluate the crash teseported hereinlThetest conditions andvaluationcriteriarequiredfor
MASHTest 3-10 and 311 arelistedin Table2.1, and foMASH3-21 in Table 2.2. fie
substancef the evaluation criterias presentedn Table2.3. An evaluationof thecrash test
resultsfor each tesis presented in detail under teection Asessment ofest Results
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Table 2.1. Evaluation Criteria Required for MASH TL -3 Longitudinal Barriers and

Transitions.
Evaluation Evaluation Criteria MASH Test
Factors
Test article should contain and redirect the vehicle or bring tf 3.10. 311
Structural vehicle to a controlled stop; the vehicle should not penetrate ’ ’
g ) : . 3-20, and
Adequacy underride, or override the installation although controlled
. T 3-21
lateral deflection of the test article is acceptable.
Detached elements, fragments, or other debris from the test
article should not penetrate or show potential for penetrating
occupant compartment, or present undue hazard to other traf  3.10 311,
pedestrians, or personnel in a work zone. 3-20, and
Deformations of, or intrusions into, the occupant compartmer 321
should not exceed limitet forth in Section 5.2.2 and Appendi
E of MASH.
Occupant The vehicle should remain upright during and after collision.| 3-10, 311,
Risk The maximum roll and pitch angles are not to exceed 75 deg 3-20, and
321
Occupant impact velocities (OIV) should satisfy the following| 3-10, 311,
limits: Preferred value of 30 ft/s, or maximum allowable valug 3-20, and
40ft/s. 3-21
The occupant ridedown accelerations should satisfy the 3-10, 311,
following: Preferred value of 15.0 g, or maximum allowable 3-20, and
value of 20.49 g. 321

TR No. 61021101
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Chapter 3. TEST CONDITIONS

3.1 TEST FACILITY

The full-scale crash testeported here wereperformed at Texas A&M Transportation
Institute (TTI) Proving Ground, an International Standards Organization/(i&pational
Electraechnical Commission (IEC)7025accredited laboratory with American Association for
Laboratory Accreditation (A2LA) Mechanical Testi@grtificate 2821.01The full-scale crash
tess wereperformedaccording to TTI Proving Ground quality procedures, and according to the
MASHguidelines and standards.

The test facilities of the TTI Proving Grouadelocated on the Texas A&M University
RELLIS Campuswhich consists of a 2088cre complex of research and training facilities
situated 10 miles northwest of the flagship campus of Texas A&M Universigysite, formerly
a United States Army Air Corps base, has large expanses of concrete runways and parking
aprons well suited for experimental research and testing in the areas of vehicle performance and
handling, vehicleoadway interaction, durability drefficacy of highway pavements, and
evaluation of roadside safety hardware and perimeter protective dévheesite selected for
construction and testing of thGS withreduced post spacimvgas along the edge of an enft
service apronThe apron consts of an unreinforced jointezbncrete pavement in 12{6x 15t
blocks nominally 8nches deeplhe aprons were built in 1942, and the joints have some
displacement, but are otherwise flat and level.

3.2 VEHICLE TOW AND GUIDANCE SYSTEM

Eachtestvehicle was towed into the test installation using a steel cable guidance and
reverse tow system. A steel cable for guiding the test vehicle was tensioned along the path,
anchored at each end, and threaded through an attachment to the front wheebkbt#incte.

An additional steel cable was connected to the test vehicle, passed around a pulley near the
impact point and through a pulley on the tow vehicle, and then anchored to the ground such that
the tow vehicle moved away from the test.ske?:1 speed ratio between the test and tow

vehicle existed with this system. Just prior to impact with the installation, the test vehicle was
released and ran unrestrained. The vehicle remained freewheeling (i.e., no steering or braking
inputs) until itcleared the immediate area of the test site.

3.3 DATA ACQUISITION SYSTEMS

3.3.1 Vehicle Instrumentation and Data Processing

Eachtest vehiclewvas instrumented with a setbntained onboard data acquisition
system. The signal conditioning and acquisition system ischagnel Tiny Data Acquisition
System (TDAS) Pro produced by Diversified Technical Systems Inc. The accelerometers, which
measurehe X, y, and z axis of vehicle acceleration, are strain gauge type with linear millivolt
output proportional to acceleration. Angular rate sensors, measuring vehicle roll, pitch, and yaw
rates, are ultramall, solidstate units designddr crash test service. The TDAS Pro hardware
and software conform to the latest SAE J211, Instrumentation for Impact Test. Each of the
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16 channels is capable of providing precision amplification, scaling, and filtering based on
transducer specifications and calibrations. During the test, data are recorded from each channel at
a rate of 10,000 samples per second with a resolution of onie 6&,536. Once data are

recorded, internal batteries back these up inside the unit in case the primary battery cable is
severed. Initial contact of the pressure switch on the vehicle bumper provides a time zero mark
and initiates the recording proceééter each test, the data are downloaded from the TDAS Pro

unit into a laptop computer at the test site. The Test Risk Assessment Program (TRAP) software
then processes the raw data to produce detailed reports of the test results.

Each of the TDAS Pro units is returned to the factory annually for complete recalibration
and to ensure that all instrumentation used in the vehicle conforms to the specifications outlined
by SAE J211. All accelerometers are calibrated annually by meamsEXDEVCO' 2901
precision primary vibration standard. This standard and its support instruments are checked
annually and receive a National Institute of Standards Technology (NIST) traceable calibration.
The rate transducers used in the data acquisition systemeaeadibration via a Genisco Rate
of-Turn table. The subsystems of each data channel are also evaluated annually, using
instruments with current NIST traceability, and the results are factored into the accuracy of the
total data channel per SAE J211. Cadiions and evaluations are also made anytime data are
suspect. Acceleration data are measured with an expanded uncertainty of £1.7 percent at a
confidence factor of 95 percent (k = 2).

TRAP uses the data from the TDAS Pro to compute the occupant/compartment impact
velocities, time of occupant/compartment impact after vehicle impact, and highest
10T millisecond (ms) average ridedown accel era
at the end of a given iIimpulse period. I n addi
intervals in each of the three directions are computed. For reporting purposes, the data from the
vehiclemounted accelerometers are filtered with an SAE ClassH¥80w-pass digital filter,
and acceleration versus time curves for the longitudinal, lateral, and vertical directions are
plotted using TRAP.

TRAP uses the data from the yaw, pitch, and roll rate transducers to compute angular
displacement in degrees at 0.080ihtervals, and then plots yaw, pitch, and roll versus time.
These displacements are in reference to the velixed coordinate systemvith the initial
position and orientation being initial impact. Rate of rotation data is measured with an expanded
uncertainty of £0.7 percent at a confidence factor gi&@Bent (k= 2).

3.3.2 Anthropomorphic Dummy Instrumentation

An Alderson Research Laboratories Hybrid I, 50th percentile male anthropomorphic
dummy, restrained with lap and shoulder belts, was placed in the front seat on the impact side of
the 1100C vehicleThe dummy was not instrumented.

According toMASH use of a dummy in the 2270P vehicle is optipaatl no dummy
was used in the testvith the 2270P vehicle

3.3.3 Photographic Instrumentation Data Processing

Photographic coverage of each test included three digitaldmigbd cameras:
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1 One overhead with a field of view perpendicular to the ground and directly over the
impactpoint.

1 One placed behind the installation at an angle; and

1 A third placed to have a field of view parallel to and aligned with the installation at
the downstream end.

A flashbulb on the impacting vehicle was activated by a pressurgtive tape switch to
indicate the instant of contact with ttest installationThe flashbulb was visible from each
cameraThe video files from these digital higdpeed cameras were analyzed to observe
phenomena occurring during the collision and to obtain-gwent, displacement, and angular
data.A digital camera recorded and documented conditions of each test vehicle and the
installation before and after the test.
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Chapter 4. MGS WITH QUARTER POST SPACING

41  SYSTEM DETAILS OF MGS WITH QUARTER POST SPACING

4.1.1 Test Installation Details

The 181 ft3-inch-longtest installation was comprised of ai@th high, 12gauge,
4-space, Wbeamguardrailsystem TheW-beamrail wassupported by widélange posts with
14-inchtall woodblockouts A TXDOT DAT terminated each end of the guardrail system.
Beginning with the upstream DAThere were three distinct sections of the installation:

1. a 37 ft6-inch-long section (posts 3 through 9) with post spacing at 75 inches;

2. a 75 ft0-inch-long section (posts 9 through 57) with quaiest spacing at
18%inches; and

3. a 43 ft9-inch-long section (posts 57 through 64) with post spacing at 75 inches.

In the full post spacing sections1@&inch buttonhead guardrail bolt secured each
blockout toa post.In the quartepost spacing section, the bolts secured the rail anhalf post
spacing. Therefore, no additional sletere cut in th&/-beamrail. Additionally, the quarter
post spacing section ditbt have posts bolted to the rail at splice locatibmghe fulkpost
spacing sections, th&-beamrails were spliced at midspan between the posts

The wideflange posts were embedded 40 inches deep in drilled holes that were
backfilled with crushed limestone base and compactateEtMASHstrength requirements

Figure 4.1presents overall information on tMGS with quarter post spacipgnd
Figure4.2 provides photographs of the installatidppendix A provides further details of the
MGS with quarter post spacing

4.1.2 Design Modifications

No modification was made to thdéGS with quarter post spacimyringthis part of the
testing phase.

4.1.3 Material Specifications

AppendixB provides material certification documents for the materials used to construct
theMGS with quarter post spacing

4.14 Soil Conditions

The test installation was installed in standard soil meeting grddofGAASHTO
standard specificationM1465 ( 2004) A Materi als for Aggregate
Base and Surface Courses. o

In accordance with Appendix B MASH soil strength was measured the day of the
crash testDuring installation of thé/1GS with quarter post spacirigr full-scale crash testing,
two W6x16posts were installed in the immediate vicinityM&S with quarter post spacing
utilizing the same fill materials and installation procedures used in the test installation and the
standard dynamic testableC.1 in AppendixC presents minimum soil strength properties
established through the dynamic testing performed in accordanchlg&h Appendix B.
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Figure 4.2. MGS ith Quarter Post Spacihgpribr ’to Teéting.
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As determined by the tests summarized in AppefidiXableC.1, the minimum post
loads required for deflections at 5 inches, 10 inches, and 15 inches, measured at a height of
25inches, are 3940 Ib, 5500 Ib, and 6540 Ib, respectively (90% of static load for the initial
standard installation).

On the day of Test No. 6102D1-1, October 4, 2018, loads on the post at deflections of
5inches, 10nches, and 15 inches were 7968 8333 Ibf, and 8282 Ibf, respectively. On the
day of Test No. 61021@1-2, October 22, 2018, loads on the post ated#ithns of Snches,
10inches, and 15 inches were 63§ 7222 Ibf, and 7373 Ibf, respectively. Tab@® and C.3
in Appendix C show the strength of the backfill material in whichMIBS with quarter post
spacingwas installed met minimumlASHrequirements for both tests.

4.2 MASH TEST 3-10 (CRASH TEST NO. 6D211-01-1) ON MGS WITH QUARTER
POST SPACING

4.2.1 Test Designation and Actual Impact Conditions

MASHTest3-10involves a 1100Cvehicle weighing2420lb £55Ib impacting the CIP
of the guardraiht an impact speed 62 mi/h £2.5 mi/h and an angle @b degrees1.5degrees
The CIP forMASHTest3-10on theMGS with quarter post spacingas73 inchest12 inches
upstream of post 31 (see Figard and Figurd.3).

1.

The1100Cvehicleused in the test weigh@d53Ib, and the actual impact speed and
angle were3.7mi/h and25.5degreesrespectivelyThe actual impact point wagl.8 inches
upstream of post 3Minimum target impact severit{tS) was51 kip-ft, and actual IS was
62 kip-ft.

42.2 Weather Conditions

The test was performed on the mornin@atober 4, 2018/Neather conditions at the
time of testing were as followsiind speed5 mi/h; wind direction:125degreegvehicle was
travelingat a heading of 195 degréeemperature81°F; relative humidity84 percent.

TR No. 61021101 14 202512-18



423 Test Vehicle

Figures4.3 and4.4 show the2010 Kia Rio0 used for the crash te§thevehicled s

test

inertia weight wa2453lb, and its gross static weight wa818Ib. The height to the lower edge
of the vehicle bumper was75inches andthe height to thaupper edgef the bumpewas

21.5inches.TableD.1in AppendixD gives additional dimensions and information on the
vehicle.The vehicle was directed into the installation using the cable reverse tow and guidance
system. It was released to be freewheeling and unrestrained just prior to impact.

i

Figure 4.4. Test Vehicle before Test No61021201-1.

4.2.4 Test Description

Table 4.1 lists events that occurred during Test No. 6202411 FiguresD.1 andD.2in
AppendixD2 present sequential photographs during the test.

Table 4.1. Events during Test N0.61021101-1.

TIME (s) | EVENT

0.0000 | Vehicle contactdguardrail

0.0360 | Vehiclebegn to redirect

0.1390 | Vehiclebeganto yaw back toward thguardrail

0.1830 | Left rear tireleft the pavement
Vehiclelost contact with barriewhile traveling atL0.0mi/h, at atrajectory

0.3780 | of 53.3degrees, andheading 062.5 degrees

0.5020 | Vehiclewasperpendicular to thguardrail with front facing the barrier

0.7840 | Right rear tireanade contact with pavement

0.8260 | Left rear tiremadecontact with pavement

1.0100 | Vehicle traveling parallel to guardrail with front facing upstream
Vehicle continued to yaw clockwise as it lost contact with the guardra

" The 2010 model vehicle used is older than tye&r age noted iIMASH and was selected based upon availability. An older
model vehiclavaspermitted by AASHTO as long as it is otherwMASHc o mp | i ant . Ot her th
2010 model vehicle met thHdASHrequirements.

an t
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For longitudinal barriers, it is desirable that the vehicle redirects and exits the barrier
within the exit box criteria (not less than 32.8 ft downstream from impact for cars and pickups).
Thetestvehicle exited in the exit box criteria definedViASH Brakes on the vehicle were
appliedafter the vehicle exited the test site, #mel vehiclesubsequentlgame to ress ft
downstream of the impaand 24 ft toward traffic lanes

4.25 Damage to Test Installation

Figure 4.5shows the damage to tMGS with quarter post spacinyo visible
movement was noted at posts 1 through 24. Pose 2@ere all deformed and leaning
downstream. The soil around post 37 was disturbed, and there was no movement noted at posts
38 to the end. Table 4.2 provides additional measuremegdsding thgposts movement
through the soilWorking width was 16.4 inches, and height of working width was 29.0 inches.
Maximum dynamic deflection during the test was 16.4 inches, and maximum getman
deformationof theW-beam railwas 7.5 inches.

4.2.6 Damage to Test Vehicle

Figure 4.6 shows the damage sustained by the vehicle. The front bumper, hood, radiator
and support, right front fender, right front strut and tower, right front tire and rim, right front
door, and right front floor pan were damaged. The windshield sudtaistess crack from the
right lower Apillar. No damage to the fuel tank was observed. Maximum exterior crush to the
vehicle was 15.5 inches in the side plane at the right front corner at bumper height. Maximum
occupant compartment deformation was 0réh in the right front firewall area. Figure 4.7
shows the interior of the vehicle. Tables D.2 and D.3 in Appendix D1 provide exterior crush and
occupant compartment measurements.

4.2.7 Occupant Risk Factors

Data from the accelerometer, located at the vehicle center of gravity, were digitized for
evaluation of occupant risk and are shown in Table 4.3. Figure 4.8 summarizes these data and
other pertinent information from the test. Figlr® in AppendixD3 shows the vehicle
angular displacements, and FiguiBed through D.6 in Appendi®4 show accelerations
versus time traces.
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Figure 4.5. MGS with Quarter Post Spacingafer Test No.61021101—1.
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Table 4.2. Post Measurements for Test No. 6102-D11-1.

Field Side Post Lean
Post # Soil Gap f )
. rom Vertical
(inches)

25 7 -

26 Y -

27 Kz -

28 2 5°

29 51°

30 60°

31 Not 61°

32 Measurable 48°

33 38°

34 22°

35 1Y, 2°

36 Y 1°

TR No. 61021101

18

202512-18



Before Test

After Test

Figure 4.7. Interior of Test Vehicle for Test No.61021101-1.

Table 4.3. Occupant Risk Factors for Test No.61021101-1.

Occupant Risk Factor Value Time
OccupantImpact Velocity (OIV)
Longllt_l;(ilér;g: 32(1) 2;: at 0.0989 s on right side of interior
Occupant Ridedown Accelerations
Longitudinal 179g 0.1068- 0.1168 s
Lateral 18649 0.1103- 0.1203 s
Theoretical Head Impact Velocity THIV ) 11.5m/s |at 0.0959 s on right side of interior
Acceleration Severity Index ASI) 16 0.0698-0.1198 s
Maximum 50-ms Moving Average
Longitudinal -16.6 g 0.0662-0.1162 s
Lateral -9.7¢ 0.0299- 0.0799 s
Vertical -3.44g 0.8539- 0.9039 s
Maximum Roll, Pitch, and Yaw Angles
Roll 14° 0.1791s
Pitch 16° 0.4366 s
Yaw 222 2.0000 s
TR No. 61021101 19 202512-18
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General Information

Test Agency................

Test Standard Test No
TTI Test No. .....

TestDate.......ccoeeeeeeenee

Test Article

Installation Length.......
Material or Key Elements....

Soil Type and Condition

Test Vehicle

Type/Designation........

Make and Model ..

Dummy

Texas A&M Transportation Institute (TTI)
...... MASH Test 3-10

. 610211-01-1
2018-10-04

Longitudinal Barrier i Guardrail

MGS with Quarter Post Spacing

181 ft 3 inches

31-inch tall MGS W-Beam Guardrail with
18%-inch post spacing for the LON
Drilled and backfilled in AASHTO M147-
65(2004), grading B Soil (crushed
limestone), Damp

1100C

. 2010 Kia Rio
2462 1b
2453 1b

. 1651b

2618 Ib

Impact Conditions
Speed ......cooviiiieiiienne
Angle .....ooooiennnnn.
Location/Orientation

Impact Severity
Exit Conditions
Speed .....ccooviieieiiienn

....... 63.7 mi/h
..25.5°
74.8 inches

upstream of post 31

....... 62 kip-ft

....... 10.0 mith

Exit Trajectory/Heading...... 53.3°/62.5°

Occupant Risk Values
Longitudinal OIV
Lateral OIV
Longitudinal Ridedown
Lateral Ridedown
THIV ...

Max. 0.050-s Average
Longitudinal .............
Lateral.........ccccenee.
Vertical.........cccoeee.

33.1ft/s
... 22.0 ft/s
....... 179¢
....18.6¢g
....11.5m/s
....... 1.6

....... -16.6 g
....... -9.79
....... -3.49

Post-Impact Trajectory
Stopping Distance..................... 8 ft downstream
24 ft toward traffic
Vehicle Stability
Maximum Roll Angle..................
Maximum Pitch Angle .
Maximum Yaw Angle ................

Test Article Deflections

Dynamic........cccooveeniieiniiieeninn. 16.4 inches
Permanent..........ccccevviieninn. 7.5 inches
Working Width............cccceeeinen. 16.4 inches
Height of Working Width ........... 29.0 inches
Vehicle Damage

VDS.. 01RFQ5
CDC.ooiiee e 01FREWS5
Max. Exterior Deformation......... 15.5 inches
OCDl.iiiiiieiieeiic e RF0010000
Max. Occupant Compartment

Deformation ...........cccoceeernne. 0.75inch

Figure 4.8. Summary of Results forMASH Test3-10on MGS with Quarter Post Spacing




4.3 MASH TEST 3-11 (CRASH TEST NO. 61021401-2) ON MGS WITH QUARTER
POST SPACING

4.3.1 Test Designation and Actual Impact Conditions

MASHTest 311 involves a 2270P vehicle weighing 5000 |b +1Id Gnpacting the CIP
of the guardrail at an impact speed of 62 mi/h £2.5 mi/h and an angledefyp®es1.5degrees
The CIP forlMASHTest 311 on theMGS with quarter post spacimgas 120 inches +12 inches
upstream of post 31 (see Figaé and Figure ).

Figure 4.9. Guardrail/Test Vehicle Geometrics for Test No. 6102101-2.

The2270Pvehicleused in the test weighé&®07Ib, and the actual impact speed and
angle were 63.ini/h and 26.JdegreesrespectivelyThe actual impact point was 123.4 inches
upstream of post 3Minimum target IS was 10Kip-ft, and actual IS wa$29kip-ft.

4.3.2 Weather Conditions

The test was performed on the morning of October 22, 20&8ther conditions at the
time of testing were as followsiind speed: 1 mi/h; wind direction: degreegvehicle was
travelingat a heading of 195 degrgéeemperature: 5&; relative humidity: 76 percent.

4.3.3 Test Vehicle

Figures 4.9 and 4.10 show th@14 RAM 1500 pickup trucksed for the crash tegthe
vehicl ebds t es 6007lbpand its grass statciwgidhtt waBd7dbsThe height to
the lower edge of the vehicle bumper vds75inches, andhe height to the upper edge of the
bumper wa®7 inches.The height to the center of gravity of the vehicle @8sinches.
TablesE.1andE.2in AppendixE1 give additional dimensions and information on the vehicle.
The vehicle was directed into the installation using the cable reverse tow and guidance system. It
was released to be freewheeling and unrestrained just prior to impact.
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4.3.4 Test Description

Table 44 lists events that occurred during Test No. 616Q1-P. FigureskE.1andE.2in
AppendixE2 present sequential photographs during the test.

Table 44. Events during Test No. 61021D1-2.

TIME (s) | EVENT

0.0000 | Vehiclecontacedguardralil

0.0300 | Vehiclebegnto redirect

0.2010 | Right rear bumper of vehicleontaced guardrail

0.2220 | Vehiclewas parallel with guardrail
Vehiclelost contact with guardrailvhile traveling at 41.4 mi/h, at a
0.4440 | trajectory of 16.5 degrees, and a heading of 15.9 degrees
0.8840 | Vehicles right rear tirenade contact with pavement

For longitudinal barriers, it is desirable that the vehicle redirects and exits the barrier
within the exit box criteria (not less than 32.8 ft downstream from impact for cars and pickups).
The test vehicle exited in the exit box criteria defineM&SH Brakes on the vehicle were
applied after the vehicle exited the test site, and the vehicle subseqaendyto rest54 ft
downstream of the impact aB8 ft towardthe field side

435 Damage to Test Installation

Figure 411 shows the damage to tMGS with quarter post spacinghe soil around
post 1 was disturbed, and the rail released from the blockouts at posts 27, 29, and 31. The soil
around posts 21 and 22 was disturbed, and posts 26 through 31 were pushed downstream and
towardthefield side. Tablet.5provides additional measurements. Working width was 37.1
inches, and height of working width was 27.9 inches. Maximum dynamic deflection during the
test was 19.fhches, and maximum permanent deformatibtheW-beam rdiwas 11.0 inches.
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Table 4.5. Post Measurements for Test No. 6102-D11-2.

Field Side
: Post Lean
Post # S.O'l Gap from Vertical
(inches)
F/S D/S
23 Yo 1° -
24 1 3° -
25 2% 4° -
26 7° -
27 10° 30°
28 Not 14 -
29 Measurable 17 14°
30 13° -
31 14° -
32 2% 10° -
33 2% 5° -
34 Y °

F/S=field side D/S=downstream

43.6 Damage to TesWehicle

Figure 412 shows the damage sustained by the vehildie.front bumper, radiator and
support, grill, right head light, right front fender, right front upper and lower A arms, right front
tire and rim, right frame rail, right front door-{@ch gap at top of doorjight front floor pan,
right rear door, right rear fender, right rear rim, and right bumper were danNgeddmage to
the fuel tank was observeldaximum exterior crush to the vehicle wHsinches in thdront
plane on theight side above the frotumper Maximum occupant compartment deformation
wasz2 inches in theight front firewallarea Figure 413 shows the interior of the vehicl&ables
E.3andE.4in AppendixEl provide exterior crush and occupant compartment measurements.

Figuré 4.12. Test Vehicle aftér TestrNo. 61021ﬂ)1—2.
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Before Test

After Test

Figure 4.13. Interior of Test Vehicle for Test No. 61021401-2.

4.3.7 Occupant Risk Factors

Data from the accelerometer, located at the vehicle center of gravity, were digitized for

evaluation of occupant risk and are shown in TalieFgure 414 summarizes these data
and other pertinent information from the tésgureE.3in AppendixE3 shows the vehicle
angular displacements, and FiguEed throughE.9in AppendixE4 show accelerations

versus time traces.

Table 46. Occupant Risk Factors for Test No. 61021-D1-2.

Occupant Risk Factor Value Time
o
Longllt_l;(tiler;:: gi(ljgz at 01200s on right side of interior
Occupant Ridedown Accelerations
Longitudinal 14.5¢g 0.1229- 0.1329s
Lateral 8349 0.1226- 0.1326s
THIV 8.8m/s at 01157s on right side of interior
ASI 11 0.0624-0.1124s
Maximum 50-ms Moving Average
Longitudinal -8.9¢g 0.0858- 0.1358s
Lateral -7.99 0.0627-0.1027s
Vertical 3.29 0.1846- 0.2346s
Maximum Roll, Pitch, and Yaw Angles
Roll 16° 04591 s
Pitch 11° 0.6415s
Yaw 48° 0.9671s
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General Information

Test AgeNCY.....c.coveevveeenne Texas A&M Transportation Institute (TTI)
Test Standard Test No....... MASH Test 3-11
TTITestNO. ..o ... 610211-01-2
TestDate.........cccvveereeirnns 2018-10-22

Test Article
TYPE v Longitudinal Barrier i Guardrail
Name......ccocevvieeiicce MGS with Quarter Post Spacing

181 ft-3 inches

31l-inch-tall MGS W-Beam Guardrail with
18%a-inch post spacing for the LON
Drilled and backfilled in AASHTO M147-
65(2004), grading B Soil (crushed
limestone), Damp

Installation Length..............
Material or Key Elements...

Soil Type and Condition .....

Test Vehicle
Type/Designation............... 2270P
Make and Model ... . 2014 Ram 1500
Curb.. 5019 Ib
Test Inertial 5007 Ib
Dummy . No Dummy

5007 Ib

Impact Conditions

Speed ....coveiiiiiiiiee 63.1 mi/h
Angle ..o, ...26.1°
Location/Orientation 123.4 inches
upstream of post 31
Impact Severity ........cccccce.... 129 kip-ft
Exit Conditions
Speed ....ceviiiiiiiieee 41.4 mi/h

Exit Trajectory/Heading...... 16.5°/15.9°
Occupant Risk Values
Longitudinal OIV ................ 21.0ft/s
Lateral OIV........ceeeee. . 211 ft/s
Longitudinal Ridedown
Lateral Ridedown

Max. 0.050-s Average

Longitudinal .................... -89¢g
Lateral.......cccooveeeeriienenns -79¢9
Vertical.........cooeevvveeennnen. 3.2g¢g

Post-Impact Trajectory
Stopping Distance..................... 154 ft downstream
35 ft twd field side
Vehicle Stability
Maximum Roll Angle 16°
Maximum Pitch Angle .. e 110
Maximum Yaw Angle ................ 48°

Test Atrticle Deflections
Dynamic........ccccceeenieeeniieneannnnn. 19.5 inches

Permanent......... .... 11.0 inches
Working Width.............. ... 37.1 inches
Height of Working Width ........... 27.9 inches
Vehicle Damage
VDS... .... 01RFQ4
CDC...iieeeeeee e 01FREW3
Max. Exterior Deformation......... 15 inches
OCDl.cciiiiiieiicciee e RF0011000
Max. Occupant Compartment
Deformation...........ccoceeeveennen. 2.0inch

Figure 4.14. Summary of Results forMASH Test 311 on MGS with Quarter Post Spacing.




Chapter 5. MGS WITH HALF POST SPACING

5.1 SYSTEM DETAILS OF MGS WITH HALF POST SPACING

5.1.1 Test Installation Details

The 181 ft3-inch-longtest installation was comprised of ai@th high, 12gauge,
4-spaceW-beamguardrailsystem TheW-beam rail wasupported by 7-nch wideflange
posts withl4-inch-tall woodblockouts TXDOT DATsterminateceach enabf the guardrail
system Beginning with the upstream DAT, there were three distinct sections of the installation:

1. a 37 ft6-inch-long section (posts 3 through 9) wilihll post spacing at 7iches.

2. a 75 ft0-inch-long section (posts 9 throud@8) with half post spacing &7%2inches;
and

3. a 43 ft9-inch-long section (post83through40) with full post spacing at 75 inches.

A 10-inch buttonhead guardrail bolt secured each blockouwt postexcept where a post
was located at a rail splick the fulFpost spacing sections, thié-beamrails were spliced at
midspan between the posts.

The wideflange posts were embedded 40 inches deep in drilled holes that were
backfilled with crushed limestone base and compacteteeEiIMASHstrength requirements.

Figure 5.1 presents overall information on Bé&S with halfpost spacingand
Figure5.2 provides photographs of the installatidppendixF provides further details of the
MGS with halfpost spacing.

5.1.2 Design Modifications

No modification was made to thdGS with halfpost spacing prior to this crash test.

5.1.3 Material Specifications

AppendixB provides material certification documents for the materials used to construct
theMGS with halfpost spacing

5.1.4 Soil Conditions

The test installation was installed in standard soil meeting grading B of AASHTO
standard specificationM14 5 ( 2004) #fAMaterials for Aggregate
Base and Surface Courses. 0

In accordance with Appendix B MASH soil strength was measured the day of the
crash testDuring installation of théGS with halfpost spacindor full-scale crash testing, two
W6x16posts were installed in the immediate vicinity&S with halfpost spacingitilizing
the same fill materials and installation procedures used in the test installation and the standard
dynamic testTableC.1 in AppendixC presents minimum soil strength properties established
through the dynamic testing performed in accordance MRBHAppendix B.

TR No. 61021101 27 202512-18



8¢ TOETZO0T9 'ON d1

8T-2¢1620¢

Test Installation

- 181-3" >
- 439 750" @ — ea 376
Posts @ 75" Posts @ 37-1/2" Posts @ 75"
42 0 38 36 34 |32 28 24 20 16 12 8 6 4 2 Post Numbers
C A A A A A A A A5 A & & A 8 4 & A 5 A X A 8 & A4 !l A 4 & A A & B A I.1 A A A A ")
. 11— T~ 250°
Plan View A~ y

Impact Path, 610211-3
~a——— TxDOT DAT

Typ each end A = »=— 75" Typ each end
5 e e e e e T e e i T
T T HHUIIIIHHUIIIIHIIIIIHH’--H_IIIIHIII 1T 171
A= \
W-beam Guardrail ) ) “—Post and Blockout do not attach Elevation View
(see 1b) AN [~ Timber Blockout, for W-section Post to Rail at joints. Typical 6 places.
A I
% Iy
! 10" Guardrail Bolt
iy
72" Wide-Flange Guardrail Post

0"

1a. Backfill Post holes with grade B crushed limestone road
base, compacted to MASH standard.
1b. 4-space Guardrail, with slots spaced @ 37-1/2". Typical in
. LON (at Posts 2 - 41).
Section A-A (st Posts 2-41)
Scale 1:20
Typical = Texas AsM PhRqadISiS‘?e Sa_ltfe%_and
Transportation sical Security Division -
/‘ h]sﬁfup:; Y Proving Grgund
. Project #610211-3 Reduced Post Spacing 2021-12-21
40 o Drawn by GES/WJLS Scale 1:250 Sheet 1 of 1 Test Installation

Figure 5.1. Details of theMGS with Half PostSpacing.

Q:\Accreditation-17025-2017\EIR-000 Project Files\610211-01- Reduced Post Spacing-Kovar\610211-3 Half Spacing 3-11\Drafting, 610211-31610211-3 Drawing



= A
SHER ﬁ.

e

Figure 5.2. MGS with Half Post Spacing prior to Testing.

As determined by the tests summarized in AppefidiXableC.1, the minimum post
loads required for deflections at 5 inches, 10 inches, and 15 inches, measured at a height of
25inches, are 3940 Ib, 5500 Ib, and 6540 Ib, respectively (90% of static load for the initial
standard installation).

On the day of Test No. 610201-3, February 18, 2019, loads on the post at deflections
of 5inches, 10nches, and 15 inches were 5868 6515 Ibf, and 6919 Ibf, respectively.
TableC.4 in Appendix C shows the strength of the backfill material in wiieMGS with half
post spacingvas installed met minimuMlASHrequirements.

TR No. 61021101 29 202512-18



5.2 MASH TEST 3-11 (CRASH TEST NO. 61021901-3) ON MGS WITH HALF POST
SPACING

5.2.1 Test Designation and Actual Impact Conditions

MASHTest 311 involves a 2270P vehicle weighing 5000 |b £id tnpacting the CIP
of the guardrail at an impact speed of 62 mi/h £2.5 mi/h and an angledety®®es1.5degrees
The CIP forMASHTest 311 on theMGS with half postspacingwas 136nches +12 inches
upstream of post 20 (see Fig@@ and Figure 5)3

%

Fig're 53. MGS with Ha f‘ﬁ"c‘iétmsp'a'cinesVehicIe Geome rlcs; fof Test Nb. 6102Qi—3.

The2270P vehiclaised in the test weighed 5018 |b, and the actual impact speed and
angle were 62.tni/h and 24.9legreesThe actual impact point was 18&hes upstream of post
20.Minimum target IS was 10&ip-ft, and actual IS was 11&p-ft.

5.2.2 Weather Conditions

The test was performed on the morning of February 18, 20&8ther conditions at the
time of testing were as followsind speed: 11 mi/h; wind direction: 82greegvehicle was
travelingat a heading of 195 degrgéeemperature: 5&; relative humidity: 52 percent.

5.2.3 Test Vehicle

Figures5.3 and5.4 shovs the 2013 RAM 1500 pickup truck used for the crash Tdst.
vehicleds test inertia weight wasThé&heighBto | b, an
the lower edge of the vehicle bumper was 11.75 incheghameight to the upper edge of the
bumper was 27.0inche.he hei ght to the vehiclebds center
TablesG.1 andG.2 in AppendixG1 give additional dimensions and information on the vehicle.

The vehicle was directed into the installation ushngcable reverse tow and guidance system. It
was released to be freewheeling and unrestrained just prior to impact.
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Figure 5.4. Test Vehicle before Test No. 6102101-3.

5.2.4 Test Description

Table5.1 lists events that occurred during Test No. 6162%38. FiguresG.1 andG.2 in
Appendix 12 present sequential photographs during the test.

Table 5.1. Events during Test No. 61021D1-3.

TIME (s) | EVENTS
0.0000 | Vehiclecontacedguardrail
0.0380 | Vehiclebegnto redirect
0.1450 | Guardrailruptured and vehiclebegan to pass to field side
0.5630 | Vehiclebegantraveling parallel with guardrail on the field side

For longitudinal barriers, it is desirable that the vehicle redirects and exits the barrier
within the exit box criteria (not less than 32.8 ft downstream from impact for cars and pickups).
The test vehicl@enetrated the guardraBrakes on the vehicle were applied after the vehicle
exited the test site, and the vehicle subsequeatiye to rest 48 downstream of the impact and
1 ft toward the field side.

5.2.5 Damage to Test Installation

Figure5.5 shows the damage to thi&sS with halfpost spacingThe W-beam guardrail
ruptured at post 20 and released from post 16 through post 39. The soil was disturbed at post 1.
Table 5.2 provides additional measurersent
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Figure 5.5. MGS with Half Post Spacing after Test No. 6102101-3.

Table 5.2. PostLean for Test No. 61021101-3.

Soil Gap (inches) Post Lean

Post # T/S F/S from Vertical
16 s - 2°
17 - 1 6°
18-25 90°
gg Not Measurable ggo
28-30 40°

TR No. 61021101

T/S=traffic side F/S=field side

32 202512-18



























































































































































































































































































































































































































































































































































































