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FOREWORD

Themainfocusof thisdocuments to explaintheimportantdesign,constructionand
materialsrelatedconsiderationfor constructinghe SafetyEdgesm. Thetargetaudienceof
thisreportis pavementlesignandconstructiorpersonneWwhowill specifyandconstructhe
SafetyEdgewm.
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SI* (MODERN METRIC) CONVERSION FACTORS
APPROXIMATE CONVERSIONS TO SI UNITS

Symbol When You Know Multiply By To Find Symbol
LENGTH
(none) mil 254 micrometers em
in ft inches 254 millimeters mm
yd feet 0.305 meters m
mi yards 0.914 meters m
miles 1.61 kilometers km
in? AREA
ft? squarenches 645.2 squarenmillimeters mn?
yd? square feet 0.093 square meters m?
ac square yards 0.836 square meters n?
mi? acres 0.405 hectares ha
squaremiles 2.59 squarekilometers ki
fl oz VOLUME
gal fluid ounces 29.57 millimeters mL
ft® gallons 3.785 liters L
yd® cubic feet 0.028 cubic meters m?
cubic yards 0.765 cubic meters m?
NOTE: volumesgreater tharl000L shallbe shown in m*
0z MASS
b ounces 28.35 grams g
T pounds 0.454 kilograms kg
shorttons(20001b) 0.907 megagramgor "metric ton") Mg (or "t")
°F TEMPERATURE (exactdegrees)
Fahrenheit 5(F-32)/9 Celsius °C
or (F-32)/1.8
fc ILLUMINATION
fl foot-candles 10.76 Jux Ix
foot-Lamberts 3.426 candelaper square meter cd/nt
Ibf Ibflin? FORCE and PRESSUREor STRESS
(psi) kfir? poundforce 4.45 Newtons N
(ksi) poundforcepersquareanch 6.89 kiloPascals kPa
kips persquarench 6.89 megaPascals MPa
Ib/ft® (pcf) DENSITY
poundsper cubic foot 16.02 kilogramsper cubic meter kg/n?
APPROXIMATE CONVERSIONS FROM S| UNITS
Symbol When You Know Multiply By To Find Symbol
LENGTH
em micrometers 0.039 mil (none)
mm millimeters 0.039 inches in ft
m meters 3.28 feet yd
m meters 1.09 yards mi
km kilometers 0.621 miles
AREA in2
mn? squarenillimeters 0.0016 squarenches ft?
n? squaremeters 10.764 squardeet yd?
m? square meters 1.195 square yards ac
ha hectares 2.47 acres mi?
km? square kilometers 0.386 square miles
VOLUME fl oz
mL milliliters 0.034 fluid ounces gal
L liters 0.264 gallons ft®
m3 cubicmeters 35.314 cubicfeet yd®
m? cubic meters 1.307 cubic yards
MASS 0z
¢} grams 0.035 ounces Ib
kg kilograms 2.202 pounds T
Mg (or "t") megagramgor "metric ton") 1.103 shorttons(2000Ib)
TEMPERATURE °F
°C Celsius 1.8C+32 Fahrenheit
ILLUMINATION fc
Ix lux 0.0929 foot-candles fl
cd/n? candelaper square meter 0.2919 foot-Lamberts
FORCE and PRESSUREor STRESS Ibf
N Newtons 0.225 poundforce Ibf/in? (psi)
kPA kiloPascals 0.145 poundforce per square inch kfin? (ksi)
MPa megaPascals 0.145 kips persquare inch

*Sl is the symbofor the InternationalSystenof Units. Appropriaterounding shoulde madeto comply withSection4 of ASTM E380. (RevisedMarch

2003)
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SECTION 1: INTRODUCTION

1.1 Introduction

TheSafetyEdgewm is arelativelysimplebut effectivesolutionthatcanhelpsavelives by
allowingdriverswhodrift off highwaysto returnto theroadsafely.

During conventionapavingprocesseshepavements constructedvith verticalor near
verticaledges.Insteadof averticaldrop-off, thefinishedSafetyEdgesm formstheedgeof
thepavementith aslopeof approximately\B0 degrees Researclhasshownthisi t r ansi t i on
from onrroadwaysurfaceto shoulderandbackis sosmoothit defiesassignmenof any

degreeofs e v e rTheSafetyBdgesm providesastrong,durabletransitionfor all vehicles
andhelpspreventpavementdgeraveling.

Therecommendegracticeof bringingtheadjacensoil or aggregatenaterial(unpaved
shoulderor modifiedsoil) flush with thetop of thepavemenbftenrequiresrequent
maintenanceWhentheverticaledgeis exposediueto wear/erosionit cancontributeto
driverslosingcontrolof thevehiclewhenattemptingo recoverfrom aroadwaydeparture.
The SafetyEdgesm concepis whendrop-offs alongthe pavemenedgeoccur,the edgewill
notbevertical,buthasashapehatwill notinducetire scrubbing.By includingthe Safety
Edgesm detailwhile paving,this safetycountermeasureanbeimplementedystemwide at
little or no cost.

1.2 Purposeof the Guide

TheFederaHighwayAdministration(FHWA) workswith Statesandindustryto accelerate
theuseof innovativetechnologies.This Guidesupportseffortsto implementthe Safety
Edgesm technologyby providinginformationandguidanceo assistagenciesn developing
standardaindspecificationgor adoptingthistreatmentisa standargracticeon all
applicablenewandresurfacingpavemenprojects.

The Guideprovidesinformationon the variouselementgo considerwhendesigningand
constructingpavemenprojectswith the SafetyEdgesm. The Guideprovidesinsightsand
lessondearnedon previouslyconstructegrojects highlightingitemsthatmayvary from
conventionapavementlesignandconstruction.

1.3 Scopeof the Guide

Theinformationfor this Guidedrawssignificantlyfrom experiencesbtainedrom 10formal
constructiorprojectevaluationconductedn 2010and2011,aswell asseverabdhoc
evaluations.lt is expectedhatsignificantenhancemenis equipmenandproceduresvill be
forthcomingasthe SafetyEdgesm is implementednto standargractice.

TheGuideis groupednto four sectionsincludingthisintroductorysection Section2 is
focusedon generaldesignandconstructiorconsiderationthatareapplicableto all pavement
typesandrehabilitationprojects.Sections3 and4 identify specificconsideration$or

1
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constructinga SafetyEdgewm for asphaliconcreteanaterialf AC) andPortlandcement
concretdPCC)pavementsespectively.
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SECTION 2: SAFETY EDGEsw i GENERAL DESIGN AND
CONSTRUCTION CONSIDERATIONS

In termsof pavingoperationsthereis little differencebetweerthe placemenand
constructiorof AC andPCCmaterialgreferto Figurel) with andwithouttheinclusionof
theSafetyEdgesw. However thereareimportantconsiderationthatshouldbeaccountedor
whenincorporatinghe SafetyEdgesv into apavingoperation. This sectionof the Guide
highlightsthe generaldesignandconstructiordetailswhenconstructinga SafetyEdgew in
conjunctionwith AC or PCCpavements.

2.1 SafetyEdgesy Use

TheSafetyEdgewm providestwo importantsafetyrelatedfunctions.It servesasamitigating
measureo helpwith pavemenedgedrop off thatoccursafteran AC layeris placed but
beforeshouldersanbereconstructeflush with thepavedsurfaceThe SafetyEdgewm also
servesasalongtermsafetyfeaturefor areasusceptibléo materialdisplacemenand/or
erosionadjacento thepavedsurface.

An additionalbenefitof the SafetyEdgesw is thatthe densityof the AC matadjacento the
pavemenedgewasfoundto behigherin mostareaswith the SafetyEdgesm in comparison
to areaswvithoutthe SafetyEdgesw. The SafetyEdgeswm is believedto serveasarestrictionto
thelateralmovemenbf the AC matalonganunconfinededge.This observatiorwasfound
from multiple demonstratiomrojects. Visualassessmertf manySafetyEdgewm treatments
haveshownthattrucksloadedwith asphaltdo notdeform/damagéhefinishededge.

(a) AC Project. (b) PCCProject.

Figurel. SafetyEdgewm placedonan AC andPCCproject.
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Wherethe SafetyEdgesy CanBe Placed

The SafetyEdgesm canbeusedin almosteverysituationto providea conditiontowards
preventingnearverticallaneshoulderdropoffs duringconstructiorandovertime. It also
providesaddednsuranceuntil suchtime thatmaintenanc@ersonnereableto repair
erodedareaf theshoulderadjacento the pavedsurface.

Wherethe SafetyEdgesw ShouldNot Be Placed

A siteconditionwherethe SafetyEdgesm shouldnotbeusedis wherethe
foreslope/embankment groundsurfacenasa steepeslopethantheslopeof the Safety
Edgesm. Thisconditionmayexistfor aportionof theroadbeingpaved thusthe Safety
Edgesm shouldbe consideredor useontheremaindeof theroad. Figure2 depictsthis
condition.

Figure2. Exampleof whereaforeslope/embankmergtoo steepfor the SafetyEdgew.

The SafetyEdgesm shouldbeexcludedn areasvherecurbandgutterhavebeenor will be
placedasthe SafetyEdgesm is appropriatdor theinterfaceof a pavedmaterialandan
unpaved/unbounchaterial. In areasvherethereis arestrictionfor vehiclesleavingthe
pavedsurface(for exampleguardrailsandothersafetyfeaturesyvhetheror notto usethe
SafetyEdgesm mustbeassessedn a caseby-casesituation. Theagencymayseevaluein
usingthe SafetyEdgesm for its pavementuality benefit,andthusmaywantto useit in these
applications.
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2.2 Pre-Construction and DiscontinuousPaving Operations

Thepre-constructioractivitiesfor SafetyEdgesm projectsareto reviewthe pavingplanand
makesurethe SafetyEdgesm canbeplacedin suitableareasalongtheproject.If thereare
areaswith restrictionsalongtheedgeof thepavemen(for exampleguardrailsjntersections,
andbridges) thewidth of theroadwayandwidth of pavingshouldbe consideredothatthere
is sufficientroomfor the SafetyEdgesw devicefor resurfacingprojects. As anexample,
narrowbridgesalongsomelow volumeroadwayscanresultin conditionswherethe AC paver
screecextensiongannotbemovedin sufficiently whenusingSafetyEdgesw deviceghat
areboltedto the paverscreedsothepaveroperatomuststeerthe pavermoretowardsthe
centerof theroadwayduring pavingoperationgcentetine crownor othercrossslope
changeseedto beconsideredn theseconditions) Otherareasvheretheforeslopes steeper
thanthe SafetyEdgewm slopeshouldbenoted. Theseconditionsshouldbediscussedh the
contractorgjuality controlplanand/orpre-pavingmeetingandhowthe conditionwill be
resolved.

Pavingacrossntersectionanddrivewayswith the SafetyEdgesw devicein placeis generally
no differentthanwhenpavingwithoutthe SafetyEdgesw. Thedifferencedor bothAC
andPCCpavingarenotedbelow.All of theseconditionsor pavinganomalieshouldbe
identifiedandaddressegrior to beginningpavingoperations.

1 ForAC paving,extraattentionfrom thepaverandscreeperatorsnaybenecessarjo
accommodatéhe SafetyEdgesm attransitionsor intersectionsgriveways andchanges
in longitudinalelevationor profile. Thereasorfor this extraattentionis discussedh
Section3 of theGuide.Specifically,Section3.2 discussethedifferentSafetyEdgewm
devicesandtheirattachmento the paver.For devicesattachedo thescreedthescreed
operatorcankeepthe SafetyEdgesw deviceloweredor canraisethedeviceabovethe
bottomof thescreedsothatthe SafetyEdgewm is not placedthroughsomeintersections
(referto Figure3). Thecapabilityfor loweringandraisingthe deviceallowsthe paving
operatiorto continuewithout disruptionwhendiscontinuougeaturesor adjacenfeatures
areencounteredFor devicesattachedo theendplate,the screedperatomeeddo
monitorthe heightof theendplateski to ensureghedesiredshapés placed.

1 ForPCCslip-form paving,the PCCmaterialat theintersectionor drivewaywill needto
be sawcutto removethe SafetyEdgesm (referto Figure4) or build up the SafetyEdgeswm
by handin orderto tie into pavemenintersections.
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Screecdperatorraisedthe
SafetyEdgem devicein
pavingacrosghis
intersectionThe Safety
Edgem devicecanbekept
loweredwhenpaving
acrosgiriveways.
Agreemenbnhowto treat
this condition shoulde
establisheteforepaving
starts.

Figure3. Placingan AC overlayatanintersectiorof a SafetyEdgewm project.

Figure4. Sawcuton a PCCprojectatanintersectiorto removethe SafetyEdgesw.
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2.3 PavementEdge/ShoulderPreparation

Thepavemenedgeshouldbepreparedn accordancevith standarcagencypaving
operationgor bothAC andPCCsurfacegreferto Figureb).

Motor graderis usedto
removevegetatiorandsoil
build-up alongthe edgeof the
pavement.

A motorizedbroomcleanghe
surfaceof the pavemenprior
to applyingthetackcoatto the
surfaceof theexisting
pavement.

A tackcoatis appliedto the
cleanecpavemensurfaceprior
to placingtheasphalbverlay.

Figure5. Surfacepreparatioractivitiesperformedorior to placinganAC overlay.
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Thefollowing itemsarehighlightedto ensureghe agencyconsidershemastheyhavebeen
shownto adverselympactSafetyEdgewm constructioron someprojects.

1 If vegetatiorexistsalongthe pavemenedgeconsideratiorshouldbe givento
removingthis vegetatiorin theareasupportinghe SafetyEdgew prior to paving.
Goodasphalpavingpracticeincludesnot pavingon vegetatiorastheasphaltwill not
adequatelgompaciandthuswill notperformadequately Figure6 showsanexample
of a SafetyEdgesm edgeplacedovervegetation.Forasphalipaving,aclean/clearly
visible pavemenedgewill helpthescreedperatomonitorthe materialplacement
alongthep a v e medget 6 s

1 If theagencyremovesregetation/soifrom the edgeof thepavementedgeclipping),
ensureareasonablgradeelevationandslopeof thepavemenedge/shouldes
establishedo minimizeuseof excespavementnaterialalongtheedge.

1 Edgeclippingshouldextendfar enoughto accommodatéhe additionalwidth of the
SafetyEdgesv whichmaybea changen standardperatingoractice. Thewedge
partof the SafetyEdgeswm is typically additionalwidth, thereforegpavingavertical
edgedepthof 3 incheswill requireclippinganadditional6 inchesof width to
accommodatéhe SafetyEdgesw.

Figure6. Exampleof SafetyEdgesuw placedon heavyvegetatiori dueto lack of adequate
compactiorthe SafetyEdgesw will deteriorate.
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2.4  SlopeMeasurement

Includingthe SafetyEdgesm onanewconstructioror resurfacingorojectdoesnotimpactthe
a g e nmayefatandconstructiorspecifications.Theonly differencein determininghe
quality betweerprojectswith andwithoutthe SafetyEdgesm is themeasurementf slopefor
theasbuilt SafetyEdgeswm itself. Thispartof the Guidediscussesneasuringheslopeof the
SafetyEdgew.

Figure? illustrateshowtheslopeis measurear determinedor anAC resurfacingoproject.
Thelengthof line B is determinedasthedistanceof averticalvirtual line from theedgeor
toeof the SafetyEdgesm to the pavemensurfacecrossslopeextendedThetoe of the Safety
Edgesw canbedefinedaswherea straightline alongthe surfaceof the SafetyEdgesm
contactghegroundsurface This pointbecomesmportantfor asphalimixtureswith larger
nominalmaximumsizedaggregatevheretheremovalof onecoarseaggregatgarticlecan
significantlychangehe measuredlope.Thelengthof line A is determinedasthedistance
from the pointwherethereis spaceébetweerthestraightedgeplacedon thepavemensurface
attheedge definedasthebreakpoint,andtheverticalvirtual line throughthetoeof the
SafetyEdgesm or verticalline B. Theangle,d, is calculatedasd = arctanB/A. Thisangle
measuremens theanglethatthevehicletire encountersvhenthevehicleis attemptingo
returnto thepavement.Theslopeof aPCCSafetyEdgewm is determinedn thesame
manner. Theanglemeasuremens madeontheslopedportionof the SafetyEdgesv and
doesnotincludetheverticalportionof thePCCedge.

mk&!«.y.;—.‘ Rrliny T AN

Figure7. Measurementf SafetyEdgesw slopeor angle.

2.5 Backing Material Placement

It shouldberememberethatthe SafetyEdgesw is amitigationof thedropoff createdy the
AC or PCCoverlayor newpavedayer;it is notintendedo substituteor a shoulderthatis
flushwith the pavedsurface.After thepavedayeror overlayhasbeenplaced theshoulder
or backingmaterialneeddo be gradedbackflush with thepavedsurface Theshoulder
materialshouldbeplacedin accordancevith standarcequipmentndprocedurespecified

9
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by theowneragencyfor bothAC andPCCpavementsTheonly cautionarynoteis to grade
thebackingor shouldematerialoverandalongthe SafetyEdgesw assoonaspossiblebut,in
thecaseof anAC pavementafterthe mathascooledsufficiently sothatanyscuffingor
tearingof thesurfacefrom constructiorequipments minimized.Similarly, PCCshouldbe
allowedto cureandgainsufficientstrengthsothatthe constructiorequipmengradingthe
backingmaterialdoesnotdamagehe PCCSafetyEdgesu. After constructionis completed,
the SafetyEdgewm will becoveredwith thebackingmaterialandnotseerby theroaduseras
shownin Figure8.

Figure8. SafetyEdgesm completelycoveredoy shouldebackingmaterial.

10
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SECTION 3: SPECIFIC CONSIDERATIONS FOR CONSTRUCTING
THE SAFETY EDGEsy IN CONJUNCTION WITH NEW AC
PAVEMENTS OR AC OVERLAYS

This sectionof the Guideidentifiesissueghatneedto bemonitoredduringthe placement
andcompactioroperation®f the AC pavement.

3.1 DesignFeaturesand Shape

Thepavedane/shouldewidth andlocationof the SafetyEdgewm breakpointshouldbe
discussedndestablishegbrior to paving. The SafetyEdgem canbeconstructednthe
unimprovedor improvedshouldemwith thebreakpointlining up directly overtheexisting
pavemenedgeor overanyportionof the previouslypavedsurfaceasshownin Figure9.

Figure9. Paverpositionedo alignthe SafetyEdgesm breakpointovertheexistingpavement.

Theintentis notto sacrificepavedane/shouldewidth to constructhe SafetyEdgeswm.
Constructinghe SafetyEdgesw ontothe unimprovedshoulderdoesnotresultin adecrease
in pavedane/shouldewidth.

The SafetyEdgeswm is designedo createa 30 degredinishedangle relativeto the pavement
crossslope,ontheedgeof thepavement.Agencyspecifictolerancesnayvary from those
shownin Figure10whichis from the FHWA guidespecification.On projectswheremultiple
AC layersareusedjt isrecommendedachAC layer(exceptevelinglayer)of thefinal
5inchesof AC receivethe SafetyEdgesw asshownin Figurel0. Fornewconstructioror
reconstructiorwith thicker AC layers,consideratiorshouldbegivento wideningthe
underlyingpavedayersto accommodatéhe SafetyEdgesm withoutdecreasindganewidth as
shownin Figure10. On projetswith multiple AC layers,it is expectedheadditionalvolume
of AC requiredto form the SafetyEdgesmwill increaseid quantities.

11



























