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DISCLAIMER

The contents of this report reflect the views of the authors who are responsible for the [facts
and accuracy of the data presented herein. The contents do not necessarily reflect the
official views or policies dAPA Researcind Education Foundatioor the National Center
for Asphalt Technology or Auburn University. This report does not constitute a standard,
specification, or regulation. Comments contained in this paper related to specific testing
equipment and materials shaidinot be considered an endorsement of any commercial
product or service; no such endorsement is intended or implied.
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INTRODUCTION

The competitive environment contractors are facing has encouraged the asphalt pavement
industry to consider using recycl@doducts such as reclaimed asphalt pavement (RAP), ground
tire rubber (GTR), and reclaimed asphalt shingles (RAS) in their mixihigs products like

GTR serve as an asphalt modifier easing the indu@tépendence on the supply of polymers
such as styene-butadienestyrene (SBS), RAS and RAP allow contractors to replace both
aggregate and asphalt in mixtures with materiateviouslyproduced and/or used for another
purpose

Additionally, as environmental standards have evolved forcing disposatsiiest the

dumping of this material, more than 11,000 disposal sites for RAS closed between 1980 and
1997 causing tipping fees to escalate to near $100 per1o8,(3. The nearly 11 million tons of
waste shingles produced each yeasultsin approxmately 22 million cubic yards of waste
material whichwill need to be landfilled4). This, in turn, is approximatesightto ten percent

of the annual buildingelated waste and construction debris, respectivealynuallyproduced in
the US %). Thus,usng RAS in asphalt mixtures, in effect, reduces both the fiscal and
environmental costs of the asphalt mixtures being produced.

History

Replacing virgin asphalt with the asphalt from RAS was first considered in the early)980s (
As polymer modificatio became more commonplace with the introduction of the Superpave
PG binder specifications in the 1996w concept of replacing a polymer modifiethder with

an aged or reclaimed binder was considered advantageous as it would further reduce the
materialscost for asphalt mixture contractor$his brought about the advent of permissive
specificationsallowing contractors tause RAS in asphalt mixtured contents ofs percent or

less which results in an approximate binder replacement of 15 to 20 perégnt (

It has been estimatethat 11 million tons of roofing shingles are available for recycling each
year in the United Stated (7). 10 milion tonsare generated as teaoff or postconsumer (PC)
shinglesPC shingles come from reroofing buildings, honaesl complexesThe properties of
these shingles vary as engineers and contractors are uncertain of the length dhésee
asphalt shingle roofs haveeen oxidizedlue to exposure fronthe sun. As these shingles are
exposedo the sun, the asphalt bindaen the shingles is oxidized making the bind@rease in
stiffnessover time.

The other 1 million tons stem from manufactur@weste (MW) or factory rejects which may

not meet all of the specifications required for the roofing indusirigese MW asphashingles
have not been exposed to the sun and hence have not experienced additional oxidation after
manufacture Therefore, while the binder has still been air blown in production, the binder in
MW shingles is not as stiff as that in PC shs(§ie
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Qurrently, 13 states permit MW RAS in asphalt mixtures while 10 states permit the use of PC
RASR®). Most specifications, however, require the contractor to choose MW osli@jlesor

an individual mix and discourage mixing the two materi2)sAt the time this report was

written, RAS has been effectively used in projects througidatbama,Texas, MissourNorth
Carolina, GeorgjMinnesota,and Floridal, 7,8, 9).

RAS COMPONENTS

While the composition of shingles wasdepending ommanufacturer an roofing application,

most RAS is composed of four basic materials: asphalt cement, felt or fiber, mineral aggregate,
and mineral fillerOrganic or fiberglass felt backings form the basic platform for asphalt
shinglesThe organic felt is typically comped of either cellulose or wood fibeasid is

designed to support the asphalt and aggregate granutdeerglass backings are manufactured

by mixing fine glass with water in the form of a glass pule pulp is then formed into a sheet

of fiberglass 10, 11).

Once the backing is created, it is then saturated with aspteatient This asphalcementhas
been airblown which increases th&tiffness of theasphalt cementThe asphalt is further
stabilized with a lime dust (7@ercentpassing théNo.200 siee) (11, 12). A secondapplication

of air-blown asphalt is then used to cover both sides of the shingles before the top of the
shingle is covered with granuleBhese granules are designed to protect the asphalt from both
0KS &adzy Qa dzf G Nica@dardageiud to hldradian orl ropfopddistahingle
manufacturers use a combination of crushed makich have been coated with ceramic metal
oxides as granuleédditional headlap granules can be used in this applicaBoth types of
aggregate granek are ideal for roofing shingles due to their uniform size, toughness, and
angular shap€l11). In some cases, chemicals are added to the aggregate to prevent algae
growth (13).

Shingles are finished with a dusting of fine sand to the back surface terragglomeration of
the shingles which might occur during mgportation A schematic of the final product is shown

in Figure 1Tablel presents estimates of the percent of each material in organic and fiberglass
shingles 11).

Granule/aggregate
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FIGURE Schematic ofisphalt shingle composition1Q)
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TABLHE Composition of Shingleslg, 14, 1%

Component Organic Felt| Fiberglass Mat
Asphaltcement 30-36% 19-22%
Felt fiber) 2-15% 2-15%
Mineral aggregate 20-38% 20-38%
Mineralfiller 8-40% 8-40%

Though there are diérences between organic and fibergtashingles, there are also

differences in the material composition of MW and PC shingl€sshingles typically contain
more asphalt than MW shingles due to weatheram lossof the aggregate granules over

time. PC hingles also contain more deleterious materials such as paper, wood, and nails than
MW shingles duéo exposure to these contaminantghen being removed from roofs

however, most of these are removed during the shingle grinding prd@éss

PC shingle etkpiles tend tdhaveshingleswith more variability in material proportions and
properties There are a number of reasof5) for this higher variability in PC shingle stockpiles
as outlined below:

1 Variability of shingle manufacturers

1 Variations in typef shingle ¢rganic or fibeglass)

1 Age and weathering

PROCESSING RAS

BeforeMW or PGhingles can be used in asphalt mixtures they must first undergo processing

or grinding The American Association of State Highway and Transportation Officials (AASHTO)
currently specifies that shingles should be groundhed 100 percat of the material can pass a

Y2inch sieve (AASHTO MP-0%9). States such as Georgia, Oregon, South Cardlieeasand

+ ANBAYAl KIF@S aLISOATAOI GA 20Mher stat&ssudliKas N@tF t SO0 ! !
Carolina and Minnesota have different specifications for shingle.Sibese requirements are

given in Tabl€ (1, 9).

TABLER Example Shingle Size Requirements

State Percent Passing
C €| oye "€ #4 #100 #200

Georgia - | 100% - - - -
lowa - 100% | 98%min 90%min - -
Minnesota - 100% - 90%min - -
North Carolina | - - 100% - - -
Oregon - | 100% | 90%min - - -
South Carolina | - 100% - 70.095.0% | 15%max 7%max
Texas - 100% - - - -
Virginia - | 100% - - - -

NOTE - =not applicable
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While states do not have common specifications for shingle grinding size, most agencies and
research organizations will concur that finer grinding for asphalt mixtuneeferable(13).

One commonly stated reason for finer grinding is the utilizatmmblending, of the RAS and

virgin bindes (2). AASHTO PP &® states that using finer grind$ asphalt shingles can

increase the amount of usable asphfitim the shingles whicthereforeincreases the

economic benefits of the material).

Another commorreason for encouraging fingrinding of asphalt shingles is duedum

mixing @O0). If the shingles are too large, they will not mattd mix with the virgin bindeduring
production (8). If the shingle does not melt, the unactivated asphalt will thehraore like an
aggregate than asphalthis will increase the surface area that virgin asphalt will need to coat
and thus increase the overall virgin binder requiremei)( Finally, using a finer shingle grind
has been shown to improve mat laydown anabdjty @, 14).

Shingle grinding can bempleted using crushers, hammmills, rotary shredderor a
combination of equipmen{19). Many rotary shredders have two blades which grind at a rate
of 50 revolutions per minute and are appropriate for initishging; however, the slow speed

of this device prevents the material from being ground fine enough for most asphalt mixtures
Highspeed hammermill which operate at speeds of 800 to 900 rotations per minute are more
appropriate for reducing the size BAS to appropriate levels for asphalt mixtur®)(

While the processes differ between equipmentpsh grinding operations consist of a loading
hopper, feeding drumand grindingchamber The loading hopper places unprocessed shingles
into the feeding dam which, in turn, moves the shingles to the grinding chambke grinding
chamber contains the cutting teeth (Figusewhich reduce the shingles to appropriate sizes
before screening and exiting the chamber through a conveyor sys28npon leavinghe
grinding chamber, RAStigicallycarriedby a conveyor under a series of magnets designed to
remove metal particlessuch as nailgrom the material before they are resized (Figure2m) (

- g

&y
i
odb

A

FIGUR Cuttingteeth insidegrinding chamber @0)
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HGURE Grindingchambersizingscreens 20

Numerous problems and challenges present themselves wityarg to process RAS for asphalt
mixtures As shingles are ground, the shingle granules wear down the grinding equipment due
to their abrasion properés Due to the difficulty in breaking down these particles, heat
accumulates in the grinding equipment ac@useshe shingle particles to reagglomeratg0j.
Shingle grinders will sometimes add water to the shingles as they enter the feeding chamber to
limit the dust and keep the shingles caal that they do not stick togeth€d9, 20; however,
engineers should be aware that this moisture should be removed from the material before it
can adequately be used for asphalt mixtures.

Shingle grinders have al$ound it is easier to grind PC shingles than Mbikice PC shingles

have been on rooftops, aged, and become stiffer, they are easier to shinedasphalt from

MW shingles has not oxidized and become as brittle as PC shingle aéghak MW shingle

asphalt is exposed to high temperature during the grinding process, the shingles develop plastic
properties due to the heat which makes them difficult to grind uniformly previously

mentioned, water can be used to alleviate many of the issues associattedhiyh temperature
during the grinding proces49).

A final concern rekad to shingle processing is homogeneiyter shingles are processed, the
material should be homogeneous in size and composittantractors have reported sawj
processed shingk which have large pieces of the recycled matenia commonly refer to
GKSY |a 02Ny 7T 5)Aftesgrocesding, §Hinlés Shouwddhave ttieNsBnsistency
and appearance of coffee grounds (Fig@yevhich are uniform in size, shape, and laaip

content 22).

When shingles are not ground unifornttyey do not blend well during mixing at planksaving
mixtures brittle from a lack of available asph&treens should be usedringshingle
processing to ensure all the material passeshi@ch sieve Any material which does not pass
this criterion should be reground to ensure the material is of proper(@i2e22.
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FIGURBE Coffeeground shingles 22)
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STOCKPILING ASBMPLING RAS

RAS, like virgiaggregate and RAP sources, is stockpiled until it can be used in asphalt mixtures
Ideally, MW and PC RAS should be placed in separate stockpiles to prevent possible
contamination of MW RAS stockpiles and ensure more uniform RAS stockpiles.

RAS presentsaturally inherent challenges to maintaining consistent and usable stockpiles

After RAS is processed, it typically has moisture from the grinding prdcessler for RAS to

be used in asphalt mixtures, it should contain less ttganpercentand ideallybetweenfive to
sevenpercent moisture 20). Two ways to prevent additional moisture from accruing in RAS
stockpiles are to provide adequate drainage to the stockpile by building the stockpile on a slope
or covering the stockpile to prevent precipitatiomm adding to tle moisture content of the
material @3).

While moisture can present one problem for RAS stockpiles, a second problem is agglomeration
of RAS particle®\s the RAS asphalt is exposed to higher temperatures, the asphalt softens and
encourags the joining of previously processed RAS partidles process can negatively

influence the homogeneity of the stockpile and ultimately affect the blending of RAS patrticles
with aggregate and virgin binder during productidime most common practice f@reventing
agglomeratiorof the material is to blend the RAS with a fine aggregate sauitable for
SUPERPAVE asphalt mixtu 6. This practice has been recommended by AASHTO MP 15
09. While natural sand is the most commonly used fine aggregetterial used in this process,
natural sand retains water more than other aggregate sources causing the moisture content of
the RAS stockpile to increas?6). Aggregate such as #10 stonég a2y S FyR g4I aKSI
screenings have been used successfully to prevent RAS particles from joining in higher
temperatures 26, 27). Many contractors blend RAP and RAS together to prevent the high

asphalt content RAS patrticles from reformittgvas sggested irRecycling TeaDff Asphalt

Shingles; Best Practices Guikdat shingle suppliers mix RAP and RAS3ai aatio to aid in the
practice of stockpiling20, 26). Contractors could perform this task but diligence must be used

to ensurethe RAP an@®AS ardirst properly proportioned and second thoroughly mixed

together.

When RAS is sampled, a minimunfieé tests (with as many as ten preferr@édhould be used
to characterize a RAS stockpile in at least three locations throughout the stockpie usin
AASHTO Z. lowa defines a sample as at least 20 pounds of RA&se samples are used to
characterize the asphalt and aggregate components of the RAS mafed a stockpile has
been characterizedhe addition of new material requires recharactengithe RAS material
This aidin ensuring the material characterized is the material used in producBpm(ring
production, RAS should continually be characterized in a manner similar to RAP or virgin
aggregateslowa requires at least three samples takenfor every 1000 tonso determine
material characterizatio 23). This testing is conducted to confirm homogeneity of the RAS
throughout the stockpile which ensures adequate mixing of the material will take plagng
construction ).
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Once procesed RAS has been sampled from stockpiles, AASPA®Reducing Samples of
Aggregate to Testing Sizehould be followed for splitting and preparing the samples for
further testing.

DRYING RASOR CHARACTERIZATION

Before RAS is tested, care should &lesh to ensure it is in a dry conditiohwo common

methods are used for drying aggregates, RAP, and RA&yfag and oven dryincAASHTO T

255 is thecurrent specification that defines the methodology for overying aggregatelhe
common procedure 8 dry the material at 110 = 5°Che sample is considered dry when

further heating causes additional mass loss of less than 0.1 peféémle drying can typically

be achieved overnight in an oven, drying materials which contain asphalt (such as RA&Sand R
in an oven could change the properties of the asphalt binder by further driving light oils out of
the binder. . Therefore fan drying RAS is more approprigtéhe material is to be used for

asphalt mixtures or assessing RAS binder properties.

While ovendrying RAS is expedient, fan drying RFA§ure 6ensures the properties of the RAS
binder are not altered by subjecting the material to additional h@tere are no current
specifications with provide guidance for fan drying the materielowe\er, if RAS is placed in a
thin layerapproximately ¢thickin a large flat pan and placed in front of a fan, the material
can be driecbvernight The material should be considered dry when further drying causes
additional mass loss of less than 0.1 percent.

HGURB Fandrying
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RAS ASPHALT

The desire to use RAS in asphalt mixtures stems from the ability to replace virgin asphalt with
reclaimed asphalt in a mixture design which can substantially reduce the overall material cost
of the asphalt mixturedn order for RAS to be cosfffective, one mst be able to quantify the
asphalt content of the RAS for mixture proportioning and its performance grade (PG) to ensure
mixture performance

Asphalt Content

While states and organizations vary in how much theljdve RAS binder blends with virgin
asphalt binder (Tabl8), quantifying the asphalt content of RAS is a critical component of
materialproportioning in an asphalt mixture designdisthe driving economic incentive for
using RAS in asphalt mixturéscent research studies have shown that PC shinglesaaiain
an average 080to 36 percent asphalbinderwhile MW shingles have closer to 19 or 20
percent asphalbinder (28).

TABLB Available Asphalt for Blending

Organization Amount of RASBinder Awilable for Mix

AASHTO Calculateshinglebinder availabilityfactor basedon differences
betweenrequiredbinder ofvirgin andshingledesigns

Alabama Department o} 100 0of RAS binder

Transportation

lowa Department of 66.7%o0f RAS binder

Transportation

Missouri Department of 100%of RAS Binder

Transportation

Two methods are\ailable for determining the asphalt content of RAS today: ignition oven and
chemical extractionwWhile both methods are available, current AASHTO specifications require
chemicalextractions be used for determining asphalt content of RAS.

Chemical Extraction

RAS binders can be extracted and recovered using AASHIZO0T ASTM D217Z0 determine
the asphalt content of a RAS source using the centrifuge (ASTM D2172 Method@)She
sample is placed in a centrifuge bowl and covered with a chemical solvent (FjgGrerrently
four solvents are used for chemical extractions: trichloroethylene (TCE), methylene chloride,
ammonium carbonate solutions, andRropyl Bromide.
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FIGURE Centrifugebowl

The sample soaks in the solvent at room temperature for no more than one hour before the
centrifuge is activatedAs the centrifuge spins at a maximum speed of 3600 revolutions per
minute, the solverdasphalt solution is removed from éhbowl where it then passes through a

paper filter to remove any fine aggregate material light enough to be removed with the solvent
(Figures).

FIGURB Paperfilter riﬁg

The process of soaking and spinning is repeated until the solvent removedHeobow!
appeasto be the color of strawAt this point all of the binder is considered to have been
removed from the aggregatdhe centrifuge bowl is then removed and the remaining
aggregate and paper filter ring are allowed to dry and weigheatderto performasphalt
content calculationsThe solvent solution is passed through a second-sged centrifuge
procedure like the one shown in Figu#¢o remove any remaining finmaterialsmall enough
to have passed through theaperfilter.

10
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FIGURE Pouringsolvent solution into high speed centrifuge

After the extraction procedure is completed, a distillation procedure is used to remove the
solvent from the bindeif performance grade testinig required The rotovap procedure
(ASTM D5404), shawn Figurel0, can be used to complete this process.

FIGURBRO Roto-vap recoveryequipment

In this procedure, the solvent solution is placed into a rotating flask which is submerged in a
heated oil bath (140 3 °C) under partial vacuum with a flowrdfrogen gasAs the solvent
evaporatest is collected in a glass condenser and allowed to drip into a separate recovery
flask The recovered asphalt binder remains in the submerged rotating flask and is collected
into a sample tirfollowingthe procedue. All extraction/recovery procedures are required to
be completed in less thagighthours to minimize solvent hardening effects

11
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South Carolina requires 200 to 300 gram samples be used in the extraction process while North
Carolina specifies 500 grariws this procedureCommon specifications require the asphalt
content of RAS be checked by three samples for ever® 0% of mix.

One disadvantage of the chemical extraction process is that all four solvents are somewhat
hazardousEach is classifiecsat least an eye and skin irritant and care should be taken when
using each of themAs safety is a primary concern, fume hoods and respirators should be used
by laboratory staff conducting the testEhe use of these chemicals is encouraging states and
laboratories to look for other methods of quantifying binder contents and properties without
the use of hazardous materials.

Ignition Oven

AASHTO SpecificatiorBU8 currently provides the methodology for determining the asphalt
content of materials usinthe ignition oven (Figur&l). While this is the most common method
for determining the asphalt content of RAP, some organizations are hesttarget the ignition
oven forRAS.

The ignition oven determines the asphalt content of asphalt mixtures, RAFRAB by heating
an ovendried sample of RAS to 107/20ntil the mass loss is less than 0.01 perc@xakdown
of some aggregates can ocalure to the excessive heat in the oyeherefore, it is critical to
determine an asphalt correction factor for tmeaterial being used in the ignition oven
Additionally, one should use a smaller sample size for determining the AC .oAtR¥gh
temperatures, RAS asphalt has the tendency to have a significant. fheddgionally, due to the
amount of asphalt on the saple, the time of the test will be much longer than a typical RAP
sample.

An asphalt correction factor can be determined by running two sample mixtures at a design
asphalt content in the ignition oven and calcutatthe asphalt contentThe difference

between the average measured asphalt content and actual asphalt contents is thetamrec
factor. Once the correction factor for the aggregate is determined, the asphalt content can be
calculated using Equatidh

o b ZpTmT 6 1)

where
AC= asphalt content, %
W; = total weight of the HMA sample prior to ignition, g

W, = total weight of aggregate remaining after ignition, g
G-= correction factor

12
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While developing adpalt correction factors for standard aggregates is straightforward, the
uncertainty of the composition of RAS makes it much more difficult to develop accurate
correction factorsThough it is difficult, to trust the results of the ignition oven one musbig
the need for this correction factor, develop correction factors, or assume shingle binder
contents @7, 29).

FIGUREL Ignition oven

Extraction and Ignition Oven

Virginia isone state which allows contractors to determine asphalt content lyegiignition
oven or chemical extraction (AASHTO6% Method B). Howevesomeresearch has shown
that there can be differences of up fve percent asphalt contenfi.e., 21.4 vs. 16.4 percent)
when comparing the results of the two methqdghile otherstudies have shown there can be
good agreementThiswill typically depend on the makeup of the shin¢®&). This reiterates
the need to develop accurate correction factors for shingtethe ignition oven if state
agencies and contractors want to moae/ay from chemical extractiaiests for measuring
asphalt content

Performance GradéPG) of RAS Binder

Since RAS binders have been air blown, they are inherently stiffer and have different
rheological properties than virgend modifiedbinders(Figurel?2) (2, 30, 3). The most
common tool for assessing asphalt binders today is AASHIZDNbtandard Specification for
Performance Grade Binder Gradilghile many states do not require the asphalt binder on
shingles be PG grad@udorder to use higher shihgor binder replacementfAASHTO PP 53
requires userso know the PG grade of the RAS binder to complete blending charts.

13
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PG 76-22 Shingle Asphalt

FIGURHE?2 Differences inappearancebetween modified asphalt and RA&sphalt 1)

To determine the PG of RAS binders, they ritsttbe extracted and recovered using methods
previously mentionedin the current PG grading system, the viscosity of the asphalt binder is
then assessed three different timeBirst, the original binder is assessed. Second, the asphalt
binder undergoes simulated shorterm aging in the rolling thin film oven (RTFO) before being
assessed agaiithe final assessment occurs after a simulated-@nm aging in the pressure
aging vessel (PA\Gurrent mix design and binder grading specifications do ripiire RAP
binders to undergo longerm aging since they have already been aged in the field.

While this provision is given for RAP binders, no such guidance is provided for RAS biisders
known that air blowing during shingle production incresi$leebinder viscosity31). The binder

of PC shingles is further aged while the shingle is acting as a roofing m&elialesearchers
have presented results using both the RTFO and PAV aging procel)res (

Agencies have reported using cheese gratersit@d RAS binder so it could be PG gra@éy (
Additionally, common equipment cannot be used to assess the high temperature grade of the
RAS Irider since many RAS binders have critical high temperatures above the boiling point of
water 30). In many case RAS binders also are difficult to test for critical low temperatures as
the binders must proceed belov36°C to reach the critical low tempeuae stiffness but have
m-values which will only pass at temperatures greater than 80 Example performare

grades of shingle binders are presented in T&de show the difficulties and extreme critical
temperatures determined when assessing Réfslers.

TABLE! RAS PG Grades

Source RAS Typg High PG Low PG
Scholz 2010 MW 134 NA
Bonaquist MW 124154 0+
Shroer 20090 MW 143+ 0+
McGraw MW 134-153.9 | (-12.7)(-6.1)
McGraw PC 121.2133.1| (-6.9) (10.6)
NCAT PC 175.4 41.7
NCA MW 132.6 137.2| (-18.6) (-13.0)

14
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Despite the difficulty in handling and testing RAS binders, it is important thdilémeled RAS
and virgin bindemeetsthe sanme PGgrade for the pavement design terms of binder grade,
strength, and durabilityd).

RAS AGGREGATE

RAS contains aggregate granules which can serve as a substitute for virgin fine aggregate
sources in asphalt mixture83). Research has suggested the hard granules used in shingle
production will give the asphalt mixture additional resistance to permanent deformadéhn (
however, the gradation, bulk specific gravity, consensus aggregate properties, and deleterious
materials of the RAS aggregate must be properly quantified before the RAS should be used in
anasphalt mixture.

Most aggregate properties are determined by testing the aggregate granules which have been
separated from the other RAS material componeBtsth chenical extraction and the ignition
oven methods for extracting asphalt from procedfRAS discussed earlier in this documesnt

be considered appropriate for recovering the RAS aggregate asAA&HTO TPprovides
guidance for conducting chemical exttian and recovery of the asphalt binder and aggregate

if one requires recovering the asphalt binder for further testidgwever, if asphalt binder
recovery is not necessary, the ignition oven methodology defined in ASTM D228 sections 13
and 14 can be uset recover the RAS aggregaWwhile a study at NCAT and the University of
Nevada at Reno has shown with limited détat both aggregate recovery processes did not
significantly affect the aggregate properties of RAP aggregate, little research has been
published which assesses the effect of extraction methodology on RAS consensus aggregate
properties(48).

Gradation
AASHTO PP &® andsomestates like lowa, have a design gradation which can be assumed
for RAS aggregate instead of conducting a mechanica siealysis (Tablg).

TABLEB AASHT@Assumed RAS Aggregate Gradation

Sieve Size Percent Passing by Weigh
~ €9.5 mm) 100
#4 (4.75 mm) 95
#38 (2.36 mm) 85
#16 (1.18 mm) 70
#on o6cnn 50
#on oonn 45
#mMmnn OmMpn 35
#Hnn OTp 25

Mechancal sieve analyses can also be conducted on recovered RAS aggregate to quantify the
YI 0SNR I QOAASHTRPREDrekanyhends thatibers from shingles be manually

15
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removed from the RAS aggregate before determining the gradation as most fibéine will be
retained on the No4 sieve and could prevent aggregate particles from being characterized
correctly. Once the fibers have been removed from the RAS aggreg§ateHTO 30 Standard
Specification for Mechanical Analysis of Extracted Aggregatédes guidance for determining
the particle sizes of aggregate extracted from asphaltic materials using the ignition oven. The
methodology contains a standard washed gradation similar to that of AASRT(hdwever,
when using an ignition oven, engineersishdevelop correction factors which account for any
material breakdown which can occur due to the extreme temperatures encountered in the
ignition oven.

Correction factors for aggregate breakdown require running at least three mechanical sieve
analysesCANBR G X GKS INIRFEGAZ2Y 2F | 6861 g€ VY HANBET |
is aggregate which has not been coated with asphalt and has known prop@itiesther two

aggregate blends have been coated with a specified asphalt catéiet placing the two

coated aggregate samples in the ignition oven and determining asphalt content, mechanical

sieve analyses are conducted on the recovered aggregaeaverage deviation of the
NEO2@SNBR F33INB3IIGS FNRBY K Ssideredthegojréctioll NI RI (A 2
factor for each sieve size.

While the process of determining correction factors is fairly straightforward, acquiring the raw
materials from shingle manufacturers necessary to determine correction factors is problematic
Additionally, the change in shingle manufacturiagd desigrover the past 30 years prevents

O2y (NI OG2NRE FTNRY TFdzffte (1y2¢6Ay3a oKFG | aGoftlyqé

Chemical extraction allows engineers to quantify the RAS aggregate gradation withakinigre
down the aggregate particles; however, numerous labs and states avoid conducting chemical
extractions due to safetgnd healthconcerns. Therefore, while chemical extraction may give
one an accurate quantification of the RAS aggregate gradatiorgyitrmat be practical to

conduct this type of analysis.

Typical RS aggregate gradations for MW and PC RAS are shown is @ahb7, respectively
These results are a combination of ignition oven and chemical extraction reBwdtse results

are compare to the assumed gradation provided by AASHTO and MWBATables8 and 9

show additional analyses usititge chemical extractionest (7). Based on thesémited data,
strong conclusions cannot be made whether chemical extraction or ignition oven rageilts
most appopriate for determining RAS gradatioriscan be concluded the assumed gradatisn
not alwaysappropriate for RAS mixture desigrhe assumed gradations were reasonably close
to the PC RAS shown in Table 6; however, the results did not mvattivith the PC results

from Table8.
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TABLB MW RAS Aggregate Gradations

Sieve | AASHTQ NCAT RAS| Foo Fiberglass Felt Shingle Oregon
Size Shingle (MN) (MN)

C I C *%* *% I
M € 100 100 | 100 | 100 100 100 100
¢ € 100 100 | 100 | 100 100 100 100
oy € 100 100 | 99.8 | 100 100 100 100
"€ 100 99.7 | 99.5| 99.9 100 100 99
#4 95 99.2 | 98.3| 98.8 100 100 97
#8 85 97.7 | 97.3| 97.3 89 69 95
#16 70 79.5 | 82.6| 89.2 - - 92
#20 - - - - 65 45 70
#30 50 53.6 | 62.0| 70.1 - - 46
#50 45 42.6 | 52.6 | 56.7 11 5 39
#100 35 32.1 | 43.2| 455 1 0 33
#200 25 22.2 | 33.3| 355 - - 27.1
NoTE C = chemical extractioph=ignition oven; ** =unknowntestingmethods - = not

applicable

TABLE PC RAS Aggregate Gradations

Sieve AASHTO NCAT RAS
Size Assumed Chemical Ignition
Extraction Oven
M € 100 100 100
¢ € 100 100 100
oyé€ 100 100 100
T € 100 99.8 98.7
#4 95 97.1 96.1
#8 85 92.7 92.8
#16 70 75.3 75.9
#30 50 54.4 55.6
#50 45 44.8 47.1
#100 35 35.9 39.9
#200 25 25.5 30.5
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TABLB PC Shingle Extracted Gradatior) (

3/8 | #4 | #8 | #10 | #16 | #40 | #50 | #100 | #200 | Fibers | Paper | Total
100 [ 100 199 | 99| 82| 54| 50 421 343 | 053 142 | 1473

100 | 100 |99 | 99| &6 | 61| 57 48 | 40.1 | 058 202 | 20.78

100 | 100 |99 | 99| 82| 54| 50 43| 354 061 171 | 17.71

100 [ 100 |99 99| 83| 56| 52 451 375 0.69 185 | 19.19

100 | 100 |99 | 99| B5| 61| 57 51| 427) 092 192 | 20.12

100 | 100 |99 | 99| 85| 58| 54 46 | 376 | 093 166 | 17.53

100 [ 100 |99 | 99| 84| 55 50 43| 344 | 047 137 | 1417

100 |99 | 99| 84| 57| 52 44| 365 | 052 165 | 17.02

100 | 100 |99 | 99| 85| 59| 54 46 | 374 | 085 182 | 19.05

100 | 100 |99 | 99| 85| 58 53 45| 364 | 054 154 | 1594
Average | 0.66 | 1696 | 17.62

Std. Deviation | 0.17 212 2.22

TABLBE MW Shingle Extracted Gradatiofr)
1/2 | 3/8 | #4 | #8 | #10 | #16 | #40 | #50 | #100 | #200 | Fibers | Paper | Total

100 99| 97| 96| 95| 78| 51| 45 34| 274 376 | 225 | 601
100|100 | 100 | 99| 99| 88| 51| 40 28| 220| 088 | 1.15 | 2.03
100|100 | 99| 99| 98| 89| 54| 43 30| 223 106 | 116 | 222
100|100 | 99| 99| 98| 89| 54| 43 30| 223 19 1.6 3.5
100 | 100 | 100 | 99| 99| 86| 55| 46 34| 265 09 091 | 1.81
100 | 100 | 100 | 100 | 88| 50| 41 29| 222] 03 098 | 1.28
100 | 100 | 100 | 99| 89| 54| 43 31 242 143 | 099 | 242
100 | 100 | 100 | 100 | 88| 51| 41 29| 228 1.17 | 082 | 199
100 99| 98| 98| 81| 55| 49 39 319 260 | 192 | 452
100 99| 99| 98| 81| 54| 48 39| 315] 335 | 1.59 | 494
Average | 1.74 | 134 | 307

Std. Deviation | 1.15 | 048 | 1.59

Bulk Specific Gavity of RAS Aggregate

In volumetric mixture designs, the bulk specific gravity of the aggregate structyjer{@st be
guantified to calculate properties such as voids in mineral aggregate (8¥8/gtjown in
Equation2.
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2

wOLO pmtm
where

VMA-= voids in mineral aggregate, %
Gsp = bulk specific gravity of aggregate
Ps= percent stone

Gnb = bulk specific gravity of mixture

Currently, AASHTOSH is used to assess the bulk specific gravity of fine aggregatever,

this testing procedure is time consuming and would require removing all of the asphalt from
the aggregate via chemical extraction or ignition oven testing without affectingleeific
gravity and absorptioproperties of the aggregate. Thus, vehdtudies have shownsgof RAS
aggregate can be determined using AASHB@(34), it is not practical for routine material
characterization.

AASHTO PP 53 allows engineers to assumedjw the RAS aggregate is equivalent to the
effective specific gnaty (Ge) of the RAS aggregaftEhe primary difference between bulk
specific and effective specific gravities are their respective voluBugk specific gravity

includes all the volume of aggregate solids and the volume of the aggregate pores which are
penetrable by waterThe effective specific gravity of the aggregate excludes the pores which
are penetrable by asphalt. Therefore, to assumgisequivalent to &, one assumes that no
binder is absorbed by the RAS aggregad8. or low absorptive agggates this is a reasonable
assumption butthis could provide a significant errfr high absorptive aggregates.

Heritage Research Group has investigated three different methods of determigify RAS
aggregate: maximum theoretical specific grawafymixture (G,m), vacuum sealingand
alternative Gy, (35). Thesethree methods are discussed below

Maximum TheoreticalSpecific Gravity

The Gm of an asphalt mixture is determined using AASHPO9J and the amount of material
required to run the tests based on the nominal maximum aggregate size (NMAS) of the
aggregate or RAShe test is conducted by placing a specified mass of the RAS material in a
vacuum pycnometer for at least 15 minutd$he vacuum is designed to work in conjunction
with the agtation of the sample to remove any air from the mixturefore being weighed
underwater(Figurel3) (35).

The Geof the RAS is then calculateding Equation Based on the known asphalt content of
the RAS, the assumed asphalt binder specific gravity tlee measuredGn,
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o — 3)

where

Gse = effective specific gravity of RAS

P, = percent binder in RAS from either ignition oven or chemical extraction
Gnm = maximuntheoreticalspecific gravity of mixture

G, = assumed specific gravity of RAS binder

e

mumtheoretical specificgravity test

| f%

~ 4 %
FIGURR3 Standardmaxi

Since RAS is made up of very fine particles, RAS will sometimes float to the top of the water

bath when this test isanducted at room temperature (Figufied). To alleviate this problem,

1T {1 ¢h tt po adz23asSada dzaAy3a al FAYS &LIN}Ie&e 27
Alternatively,hot water (approximately 170°F) can be poured into thg,&mple(Figurelb).

Asthe sample is stirred, the particles will settle to the bottom of the pycnomeliethe water is

heated one must remember to cool the sample back to room temperature before applying the
vacuum to preventhe occurrenceof floating particles.
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FIGURE4 Floding RAS35)

Figurel5 Heated RAS3b)

Alternative G,n Method

The standard @G, procedure can be modified slightly to also produce a RAS mixture which is
less susceptible to floating particléBo determine G using this method, the RAS sample

shoud be preheated to 230°F for approximatetyne hour. At this point, virgin asphalt binder

at a temperature of 300°F should be added to the RAS at 15 percent by total weight of the RAS
sample. Using a known quantity of asphalt binder will allow one tatatke the Ge of the RAS
aggregate from the Gy test procedure.

Vacuum Sealinylethod

The Geof the RAS aggregate can alsodetermined effectively using AASHTQ3IL, Standard
Specification for Determining the Bulk Specific Gravity and Density of Ciechjpot Mix
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Asphalt (HMA) Using Automatic Vacuum Sealing Metfbé test method is completed by

placing the RAS inside a plastic bagd placinghe plastic bag containing the sampieside a
vacuum chamber (Figuté). The chambers sealed and a vacuuim applied whichiemoves the

air and seals the ba@nce the chamber has achieved atmospheric pressure it will open and the
sample can be removed carefully to ensure the bag is not punctured (EiQuiide G, of the

RAS can then be calculated using thiofving equation.

0 @

where
Gnb = bulk specific gravity of the RAS
A= initial weight of the dry specimen in air, g
B = calculated dry weight of dry, sealed specimen, g
C= final weight of specimeafter removal from the sealed bag, g
E= weight of sealed specimen in water, g
F= apparent specific gwity of plastic sealingag provided by manufacturer

It is assumed that the £ is equivalent to the G, of the RAS in this state since there aeair
voids in the RAS herefore, once the & is determined, the G of the RAS can be
backcalculated using Equati@n

Figurel6 Vacuum Sealing Device
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Figurel7 Sample in Vacuum Device

Most fiberglass RAS sources will havgv@lues between 500 and 2.600Cellulose RAS
samplesmayhave lower specific gravities.

Consensus Aggregate Properties

It is critical for mixture performance that using recycled materials not diminish the aggregate
quality in the mixture as it provides the skeletal frawork for the asphalt mixtureHowever,

little has been documented relating the consensus aggregate properties of the fine RAS
aggre@te. The state of Pennsylvania requires no consensus aggregate property testing on RAS
mixtures and many other states areute on the point in their design methodologies

Deleterious Materials

While MW RAS is typically free of deleterious materials, the retrieval process for PC RAS
commonly allows the material to become contaminated with unwanted waste such as plastics,
paper, wood, and metalRASneedsto be free of debrisuch agrash, nails, and other foreign
matter which might negatively influence the performancelod asphalt mixturedesign(2).

Three basi@pproachego specifications are being used by states to difgrdeleterious
materials in their procegsi RASThe first approachAASHTO PP &), statesthat RAS should
have at most 0.5 percent deleterious materials after procesddetpterious materials defined
asa cumulative amount of metal, glass, papelber, wood, nails, plastic, brick, and/or tar

(21). A similar specification was pilace in Missouridl); however their specification has
recentlybeen modifiedto reflect the amount of material retained on the Nat sieve out of a

500 to 700 gram samg@l Other states such as Minnesota and Colorado are also implementing
specifications which limit the particle size of materials tested for deleterious materials
Common limits for this type of specification dhgee percent deleterious materials on tho.
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4 sieve if those particles include metals, rubber, glass, soil, and brick, but lighter materials such
as paper, plastiand wood are limited to 1.5 percen2, 22, 28. This new concept is reflected
in the current AASHTO specification MPOEG

The seond approachis 2 6 Qa4 OdzZNNByYy (G &aLISOAFAOFGA2ya 2yt e |
sample of processed RAS and determine if the deleterious material content is less than 1.5
percent.

In the third approachTexas developed a unique specification for detering the deleterious
material content in its processed RA®r this specification, a 1000 gram sample of RAS is
poured over a specially designed pan (FiglBe A magnet has been placed across the middle
of the pan to catch any metal which remains in firecessed RAS as the material passes over
it. The metal pieces are then weighed to determine how much metal was in theTRAS
remaining RAS is then sieved overthénch, No. 4, No. 8, and No. 30 sievékematerial
passing theNo. 30material is disarded The deleterious materials retained on each sieve are
then determined by manual separation and weighed by sieve Flmetotal percent deleterious
materials in the RAS sample is then quantified using Equétidaxas requires less than 1.5
percentdeleterious materials in their processed RAS.

5 ¥

0 ZPp T T (5)

where

P = percent of deleterious matter by weight

M = weight of materiafetained by magnet, g

N = weight of deleterious material on sieve #, g
W, = total weight of sample, g

FIGURES8 TxDOTdeleteriousmaterial pan @0).
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RAS FIBERS

As shown earlier, fibers (either in the form of aédlse or fiberglass) are commonly present in
RASPast research has shown that MW shinglesaagragel.7 percent fibers by weight of the
shingle however, this value can be much high@). While the fibers are an integral part of RAS,
very little work has been done in quantifying the effect of RAS fibers in asphalt mixRaegle
have suggested the fibers might increase the mixture durability; veweno definitive work

has been completetb confirmthis conclusion

Fibers are commonly used in opgnaded asphalt mixtures and stone matrix asphalt (SMA)
mixtures to prevent asphalt draindowihere is potential for using the RAS fibers as a
substitute for virgin cellulose fibers in these mixturessmplifying mixture product at the plant.

The roofing industry commonly uses ASTM8840 assess the bitumen content of its asphalt
shingles; however, using this standard, one can additionally assefileéhand fiber content of
the shinglesThe current specification (ASTM-B@ (2010)) uses carbon disulfide to dissolve
the sample of processed RAS. Once the asphalt is removed from the sthiadl#er and fiber
can be manually separated to quanttiye amount of fiber and filler in the RAS.

ASBESTOS IN RAS

Federal regulations the National Emission Standards for Hazardous Air Pollussetis that
recycled materials must have less thame percent asbestos if they are to be used in roadway
projects (36). Asbestos is one of six fibrous silicate minerals found in nature: chrysolite,
termoble, actinolie, anthophyllite, crocidolite, and amosi8y( 39. Exposure toliese fibers
hasbeen shown tancrease the risk of diseases such as lung canceestshis, and
mesotheliomaAsbestos is hazardous when it is in a free state such as during the grinding
process 87, 42).

Asbestos minerals were commonly used in materials such as cement wallboard, heating and
electrical ducts, and roofinghinglesbecatse of their mechanical and thermal grerties. In
asphalt shingles, asbestos fibétgpically in the form of chrysoliteyere used to reinforce and
fireproof/insulate the mat(12).

While these fibers were preseint asphalt shingles, they were typicalilaced in low dosages

The average asbestos content in 1964 was 0.02 percent while the amount decreased in 1973 to
0.00016 percent44). However, asbestos fibers are not used in asphalt shingles today, nor have
they been used since the 19802( 49). Theefore, MW shingles should not contaasbestos

and contractors should ask shingle manufacturers for documentation stating their shingles

were free of asbestos before they are used in asphalt mixt(ir@s

Though asphalt shingles are typically replaeedry 15 to 25 years, many roofers place a layer
of new asphalt shingles on top of old shingles, thus burying asphalt shingles which may contain
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asbestos12, 46). Therefore, asbestos can be present in PC wasteeRébafter more than 30
years

Numerousstudies have been conducted to determine the prevalence of asbestos in shingles
throughout the countryTablel0 provides these test results by statks can be seen, asbestos

Ad NINBfe& F2dzyR Ay (2RI 28Qa4 NR2FAfiBusmgRCO ST K2 4
waste, and mandatory testing of these materials for asbestos is required by some agéhcies (

Some agencies require asbestos testing once for everydi¥of material 28); however,
other state agencies have not developed protocolsR&S asbestos testingsbestos sampling
protocol can be found elsewhere Dan Krivit Associatégecycling Teaoff Asphalt Shingles:
Best Practices Guid20).

One concept critical tpreventingasbestoontaminationis related to RAS stockpilinQncea
RAS stockpile has been tested for asbestos, it is critical that no more shingles be added to

SyadzNSE GKS aySé¢ aKA yadekpilewhictihas byedrtified asyeléan YA y I G S
TABLHEO Asbestos Testing Result$2)
State Date Numberof Number of Number of Total
Sampes Samples Samples Percent of
Detected Detected Samples
Below 1% Above 1% Detected
Maine 19941995 146 2 2 2.7%
lowa 19992001 1,791 0 0 0.0%
Florida 20002001 591 3 2 0.8%
Missouri 2001 6 0 0 0.0%
Missouri 2000 45 0 0 0.0%
Minnesota 2001-2002 206 1 0 0.5%
Massachusetty 20002001 2,288 11 1 0.5%
Massachusetts 2002 6 1 0 16.7%6
Massachusetty 20062007 6,461 0 2 <0.0%%
Massachusetty 20042007 16,541 0 401 2.5%

Asbestos Testing

If PC is to be used in asphalt mixtures, caators should make plans to test stockpiles for
asbestos by trained personnd list of accredited laboratories can be found on the Nationa
Institute of Standards and Technology web%#8). In order to test RAS for this contaminant,
the asphalt must fst be removed from the shingle by means of ramidic chemicalsas

research has shown that acidic chemicals and heat affect both the optical and mineralogical
properties of the asbestos fiberAt temperatures below 350°C, there is little effect on the
individual asbestos fibers; however, as temperatures approach 600°C, there are appreciable
changes in the optical characteristics and possihieeralogyof the asbestosAdditionally,

acidic chemicals will have similar effects
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Once the asphalt has beeamoved, the fibers and granules can be examiasithg a
stereomicroscope under 200 times magnificat If there are no fibrous iocylindrical
specimens in the sample, asbestsgot present; however, if they are present, the samples
should be sent to &boratory capable of conducing polarized light microscopy (PLM) or
transmission electron microscopy (TEM)

Polarized Light Microscopy

PLM is one option contractors can use to determine if asbasfm®sent in RAS using
specialized equipment (Figui®). Once fibers have been grain mountédo drops ofan oil

with a refractive index of 150Dis added to the fibersAsbestos fibers which are classified as
amphiboles ¢hrysotile,amositg tremdlite, actinolite anthophylite, and crocidolite) cabe
visually quantified at this refractive indekhey will tend to show a yellow color to indicate that
materials higher than the refractive index are in the liquidhey are present, further testing
must be completed to assess which fibers are present.eTHbbresents a list of the six
asbestosorming fibers and their respective refractive indic&he concentration of asbestos is
reported as the percendf occluded area in the sampl€&his does not take into account the
differences in density of the filve and species in the sample.

Eyepiece 10 Wide Field e

Analyvzer
/{/ 10, 16x, 40x Phaze Ohjectives

Mechanical Stage (Slide Manipulation)

T Fotating Stage
I = Rotating Phaze Condenser
Condenser Focus Knokb
‘L O 12t Qrder Red Compensator

I T

\‘ Coarze Focus Knob
Fine Focus Knok

Substage Iriz Diaphraghm

100 vWatt llluminstaor
FIGURHEY Polarmicroscope 48)
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TABLHE1 Refractivelndicesof Asbestos Fibers

Fiber Refractive Index
Chrysotile 1.550
Amosite 1.670 or 1.680
Crocidolite 1.690

Anthophyllite| 1.605 and 1.62(

Tremolie 1.605 and 1.80

Actinolite 1.620

One should be aware that the presence of fibers whichvisible at the refractive indes is not
indicative of asbestod he six mineral forms of asbestos can occur in two states: asbestos and
cleavageWhile the fibers are beingsually assessed under the microscope the examiner will
assess thie shape If the fibers have ends which are splayed and curved, the fiber is in asbestos
form; however, if the fibers have a definitive stiéke shape to thenand large diameters (> 1

> Y, bhey are in cleavage form and, thus, they are #i@zardous.

A diagram of PLM testing methodology is presented below.
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EXARINE UMMOUNTED SAMPLES IN CONTAIMERS AND UNDER,
REFLECTED LIGHT STEREQ MICROSCOPE

PRE - PREFARE AS NECESSARY

EXAMIME IM TRANSAITTED POLARIZED LIGHT STEREQ
MICROSCOPE AND ESTIMATE THE PERCENT ASBESTO S
BASED ON THE AWMQLUINT OF BIREFRIMGENT FIBER
SIELE.

EvaLUATE THE SAMPLE IN THE PHASE-FOLAR MICRQSCOPE
AT MAGHIFICATIONS OF 100, 160, AND 4008, USE
PRE-PROCESSING STEPS A5 MECESSARY TQ LIBERATE
FIBERS FROM BINDERS AHD CLEAN COATINGS FROM
FIBERS TQ PERMIT DISPERSION STAINING.

+

AREMINERAL FIBERS PRESENT? — ND$
AMPHIBOLES CHRYSOTILE CHRYSOTILE
aMLY AND QMLY
MAPHIBOLES
ESTIMATE THE PERCENT CHY RSOTILE AND >

POSSIELE OTHER ASBESTOS

+

IF AN UNEMOWMIN AAPHIBOLE REMAINS, MOUNT AMD
EXAMINE IM n=1.5670 OR n=1.620 TO CHECK FOR AMOSITE

ANOSITE WITH
MO MATCH OTHER —» Mgﬁ f,:,TE
AMPHIBOLE

IF AN UHEMOWMN AMPHIBOLE REMAINS, MOUNT AND EXAMIMNE
IN n=1.6300R 1.700 TQ CHECK FOR CROCIDOLITE

CROCIDOLITE WATH
OTHER
AIPHIBOLE

CROCIDALITE

+ QMLY

NO MATCH

v v

IF AN UNEROUMN AMPHIBOLE REMAINS, MOUNT AND EXAMINE
IN n=1.605 AMD 1620 TO CHECK FOR TREMOLITE AND
ANTHOPHYLLITE

TREMOLITE ANDVOR TREMOLITE
NOMATCH | [ANTHORHYLLITEWITH||  AND/OR
OTHER ANTHOPHYLLITE
APHIBOLE DMLY

v v

IF AN UNEHOWMMN AMPHIBOLE REMASINS, MOUNT AND EXAMIME
1N n=1.640 AND 1520 TQ CHECK FOR ACTINGLITE

ACTINQLITE WITH
OTHER
AAPHIBOLE

ACTINOLITE

—+» oMLY

NO MATCH

v +

PERFORM QUALITATIVE SEM ANDYOR TEM TQ DETERMINE
ASHESTOS SPECIES AND LOOK FOR FIBERSMWHOSE
IDENTITY I3 QBSCURED BY COATING MATERIAL OR
CHEMICAL TREATMENT.

MICRONW ISUAL ESTIMATION
OF ASBESTOS

DSHA D 131

REFQRT "MONE DETECTED"

BEVALUTE ALL INFORMATION INCLUDING
SBM AND TEM WHEN PERFOQRMED TQ
ESTABLISH THE AMOUNT OF ASBESTOS
REPORTED.

REPORT TOTAL ASBESTOS PRESENT

REFORT EACH TYPE BY PERCENT
OF S&PLE

IF HO MATCH 15 FOUND, REPORT:
"UHIDENTIFIED MINERAL FIBER
PRESENT"

OTHER MATERIALS MAY BE REFORTED
"HEM PRESENT IF DESIRED.

FIGURRO PLMtestingmethodology @8)
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Transmission Electron MicroscoyEM)

As suggested by the PLM diagram, there are timeswamther testingnethodis needed to
determine if asbestos is present in shinglEésnsmission electron microscopy can be used to
assess asbestos which might be obscured by a certain coating or chemical treatment during
PLM testing Again, this testingleould be conducted by an accredited laboratdyST provides
such a list of these laboratories on its webg4&).

TEM is the most sophisticated method for determining asbestos type and quantity in shingles
and most TEM asbestos testing is conductsmhg ASTM D62819 Standard Test Method for
Airborne Asbestos Concentration in Ambient and Indoor Atmospheres as Determined by
Transmission Electron Microscopy Direct Tran3teis test is completed on a 100 to 500 mg
sample of RAS which is dried and tltegested in an acievater mixture for 15 minutesAfter
vacuuming the sample, a grid of the fiber residsiprepared and allowed to dry under heat
lamps.

CURRENT SPECIFICNEIO

Specifications allowing RAS in asphalt pavements vary from state to\athike some states

limit the total amount of RAS in the mixtures by the weight of the mix, other states are moving
toward specifications which limit the amount of recycled binder which can be contributed to a
new asphalt mixtureA list of some of the curre allowances for RASgsven in Tabld2.

TABLHE2 Current Specificationsl{, 22)

State Allowable RAS, % Allowable % Recycled Binde

Alabama 5 -

Indiana

lowa

g0

Maryland

Michigan(tier 2 mixtures) 27

Minnesota 25

Missouri

NewJersey

North Caolina

Ontario

South Carolina

Texas

gaoio|o|o|o1N|o1]
1

Virginia

1
N
o

Wisconsin (base course)

1
=
(63}

Wisconsin (binder/surface cours

NOTE: = not applicable
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SUMMARY AND RECOMMENDATIONS

From 2009 to 2010, the use of RiA&phalt mixturesincreased by over 50 perceis more

contractors use this material, is critical that engineers spend the time to correctly

characterize its material properties for mixture design and mixture qudliyensure both of

these ideals, thedllowing recommendations are made for characterizing RAS.

1 Always process RAS to ensure it has a gradation wldaat 100 percent passing the ¥2
inchsieve This will aid in activating the asphalt on the shingle and aid in mat placement.
Minimize deleterous materials in the RAS
All PC RAS should be tested for asbestos. Require manufacturers to ensure MW RAS
does not have asbestos.

1 Once a stockpile has been tested for asbestos, do not place any additional RAS on the
stockpile.

1 Cover RAS stockpiles or ans adequate draiage is available to preveeikcess
moisturein the shingle stockpileg\dditional moisture will require plants toperateat
higher temperature®r provide increased drying timés drive off the moisture.

1 Unless determining the performae grade of the RAS asphalt, RAS can be dried in an
oven; however, oven drying may drive off additional light oils which wilestiffe RAS
binder. If the binder is to undergo performanggadetesting, dry RAS using a fan.

1 RAS asphalt is stiffer than RAr virgin asphalt since it has been air blown and/or been
aged on rooftopsRTFO and PAV aging makes the material more challenging to mold
and characterizeStandard water bath DSRs cannot be used to conduct performance
grade testing since othRAS asphihas a PG grade greater than the boiling point of
water.

1 RAS asphalt content should be determined by chemical extraction unless an appropriate
ignition oven correction factor can be determined. Comparisons should be conducted to
determine the relative dseness of ignition oven and chemical extraction asphalt
contents of samesource RAS.

1 Do not use an assumed RAS aggregate graddfionduct RAS aggregate gradation of
materials recovered from chemical extraction or ignition oven testing to ensure the
correct gradation is used in the mixture design process.

1 Use the effective specific gravity of the RAS aggregate as the bulk specific gravity of the
RAS aggregat@his can be determined using standard theoretical maximum specific
gravity testing or using vaam saturation tobackcalculatehe effective specific gravity
of the material.

)l
T
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