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NOTE: Volumes greater than 1000 L shall be shown in m?.

MASS
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short tons (2000 b)|  0.907 megagrams

TEMPERATURE (exact)

Fahrenheit 5(F-32y9 Celcius
temperature temperature
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mm
m
m

km

LENGTH
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0.621

AREA

milimetres squared - 0.0016 square inches
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metres cubed 35.315
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TEMPERATURE (exact)
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tempeorature

Fahrenheit

* Sl is the symbol for the International System of Measurement
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I. PURPOSE

The use of scrap tire rubber as an modifier for asphalt cement has been developing
for over 25 years. However, since the late 1980’s, the emphasis for this
engineering technology began to focus on its potential as a significant altémnative
use for an environmental solid waste problem - scrap tires. Unlike some
"environmental solutions” in highway engineering, the use of scrap tire sibberiny
asphalt paving applications may have benefits recognized by both the eéngineer and
environmentalist. ‘ \ o

The present interes{ in this technology has national environméntal significance.
Scrap tires are visually offensive, a health and fire hazard, and a gart of the solid:
waste management problem. Many States have enacted legislation to_regulate the
scrap tire problem. At the national level, both the House'ahd Senate introduced
legislation in 1990 which could consolidaté'the States’ effarts. The legislation
would regulate the transportation and storagé of scrap titgs,and encourage the
development of alternative uses. Further, Sectiony1038 of the Intermodal Surface
Transportation Efficiency Act afy1991/Specifically addresses the study and
utilization of scrap tire rubber by the highway industry.

This report provides technicalfguidance to,the asphalt paving community on the
use of scrap tires. The report discusses serap tire rubber as a highway engineering
material; the technology présently available to incorporate this material; the
engineering products, design Gansiderations, and construction practices; and the
additional research'neéeds as they'relate to applying this technology. Each highway
agency interested in, Or required by legislation, to evaluate Crumb Rubber Modifier
(CRM) techinology. should become familiar with all the available processes and
engineering concepts asya part of developing their evaluation program. There are a
number of paSsible applications, but not ail applications are appropriate in every
State.

The bottom lifie of the evaluation program should be the determination of the
expected performance of the material/application being studied. The performance
data collected can become a part of a national data base provided the experimental
project is properly designed, monitored and documented. A few applications have




been adequately documented. The largest potential application, projects
incorporating scrap tire rubber into hot mix asphalt paving mixes, has an
insufficient number of acceptable experimental projects from which to establish the
expected performance. This report will not address the issue of expected field
performance, but will provide the highway agency the state-of-theépsactice on
CRM technology. A highway agency can develop an evaluation progtam to
address their particular paving needs and collect performance datadSing the
theory, design, and construction information in this report.

Pavement performance is a key component in determininggifithe, use 0f scrag tire
rubber is cost-effective. To determine if the material isf€ost-efféctive invoives
many variables and may include the environmental bengiit of the CEM as an
alternative use for scrap tires. However, highway agencies should focus their
attention on developing those applications which can.demonstrate a reasonable
benefit to the highway system. It i§ probableythat some areas of the country will
not benefit from this technology.




Il. BACKGROUND

A. Environment and Legislation

Each year the United States discards approximately 285 million tires. @f that
figure, 33 million tires are retreaded and 22 million tires are reused (resold},
Another 42 million are diverted to various other alternative uses. The refaining
188 million tires are added to stockpiles, landfills, or illegal dumps acrgss the
country. The Environmental Protection Agency (EPA) estimates that the present
size of the scrap tire problem is 2 to 3 billion tires.[1]

Most of the markets which use the 97 million tires that are MrecyCled" cannot
support additional expansion. The supply of retread, reuse, and proceséed rubber
products meets or exceeds the existing demand. These 'Saturated markets
represent 70 percent of the present demiand foriscrap tires.\ When compared to
the annual number of tires discarded, these £5 to 70 millian tires used by the
saturated markets only absorb 24 percent of the tire waste stream.

Of the available expanding markets for scrap tires, only two have shown the
potential to use a significant number ef scrap tires, They are fuel for combustion
and crumb rubber modifier (@RM)for@sphalt paving.[2] Combustion already plays
a major role, consuming 26 million tires anhually. Many industries benefit from the
high energy output supplied from scrap tire rubber. Most of the facilities blend a
shredded scrap tire [product, known as tire-derived fuel (TDF), with their normal
fuel stock in their@xisting furnaces. Newer, specially designed furnaces accept
wholéwires. Combustion facilities have the potential to use 0.5 to 10 million scrap
tires per facilityper year. In comparison, the second potential new market, CRM,
presently consumes Iato 2 million tires per year. The CRM technology can
incorpofate #he rubber from 2 to 6 tires into a metric ton (ton) of hot-mix asphalt
(HMA) paving material. To recycle 10 million scrap tires annually as CRM,

2 to 5 millien metric tons (2 to 5 million tons) of HMA material would require
modification.

There are other alternative highway uses for scrap tires. The Transportation
Research Board (TRB) initiated a synthesis in 1989 to document these other




alternative uses.[3] Scrap tires, or rubber processed from scrap tires, have been
examined by a number of highway agencies for use in light-weight embankments,
retaining walls, safety hardware, and pavement subbase. Details on these
potential uses will be documented in the TRB synthesis.

The environmental risks linked to the presence of scrap tire stockpiles and a
number of recent, well publicized tire stockpile fires initiated legislatig@ action at
the State and national level. At the beginning of 1991, 44 States had drafted,
introduced, regulated, or enacted laws to control the scrap tire problem.[4] Typieal
provisions of the States’ legislation include: regulations togeentrol thesprocessing,
hauling and storage (stockpiles) of scrap tires; restrictiofis on scrap tires'iniandfills;
provisions for funding, normally a tire disposal fee; and In a aumbef of States,
incentives for developing new alternative use markets. THe obvious intent of the
incentive program is to develop uses for scrap tires'in the hostState.
Unfortunately, this pragmatic approdch doeénot, by the strict letter of the law,
encourage the development of CRM technology. " lfpa majority of cases, it is not
practical to require that the host State’s s€rap tires be ‘processed and incorporated.
into that specific State’s paving pfojeet. This issue is further addressed in

Section Ill.

As the States began regulating sefap tires, it became apparent that the imbalance
in regulations and fee§ between neighboring States created a shift in the
movement of scrap tires. State$§ with little or no regulation became importers, -
shouldering a pOrtion ‘@fitheir neighbor’s problem. Also, the promising alternative
use technolggies could not B€ developed without national markets. These
pseblems triggeredhnational legislators to attempt to consolidate the regulations and
stimulatepalternative lise technology. As Congress began to consider the
reauthorization af.the ‘Solid Waste Disposal Act (RCRA), a number of bills were
introducéd to address the scrap tire problem. In 1990, the Tire Recycling
Incentives Act was introduced in both the House (H.R. 4147) and Senate
(S.2462). The Act was re-introduced in 1991 (H.R.871 and S.396) and it
addressed both the regulation and technology issues. The Waste Tire Recycling,
Abatement and Disposal Act (S.1038) and-the Tire Recycling and 'Recovery Act.
(H.R.3058/3059) were introduced in 1991 as alternative methods of addressing
the problem. Final action on RCRA is not anticipated before 1992,



The unique provisions of these proposed amendments to RCRA are the concepts.
developed to stimulate alternative use technologies. The Tire Recycling Incentives
Act requires the tire manufacturers to recycle tires or use a recycling credit system
to purchase credits from scrap tire recycling companies. The Waste Tire
Recycling, Abatement and Disposal Act provides for a mandated marketafor CRM
on federally funded asphalt paving projects. And the Tire Recycling and Réeovery
Act establishes a scrap tire trust fund to assist State developed recycling
programs.

More revellent to the highway community is the Intermodal Surfage Transportation
Efficiency Act of 1991 which was enacted in December of 1831. The Act
specifically addresses the use of CRM in Section 1038, "Usé of Récycled Paving
Material.” The three primary requirements of this Section as they relate to CRM
are:

(1) relax federal regulations to permit State and lecal ageneies to use CRM,

(2) study the performance, recycling, and enxironmental aspects of CRM, and

(3) satisfy a minimum CRM utilization requirement beginning in 1994

B. Hierarchy of Available Technology

Crumb Rubber Modifier (CRIM) technologyiis a general term to identify a group of
concepts which incorporate scrap tiré rubber into asphalt paving materials. CRM is
identified as an modifier because the/introduction of the scrap tire rubber modifies
conventional aspiait paving products. These modified asphalt paving products
generally exhibit enhanced material properties, but unlike the comparison of asphalt
cement to Partland Cement, are not considered a separate type of paving product.

Publications during theJast 25 years used a variety of terms to define different
processes and products as the technology evolved. Conflicting terminology has
made it difficult for many user agencies to understand the technology. It is
important that this document standardize the terminology, identify the processes
and products, and distinguish between the various concepts as they are
introduced. A summary of the terms used throughout this document are found in
Appendix A.




In general, CRM technology can be divided into two categories. These categories
define the basic processes used to add the crumb rubber into an asphalt paving
material. They are the wet process and dry process. The wet process defines any
method that blends the crumb rubber with the asphalt cement prior to
incorporating the binder into the project. The dry process defines those methods
that mix the crumb rubber with the aggregate before the mixture is €harged with
asphalt binder. The dry process is limited to hot mix asphalt (HMA}m@applieations,
while the wet process has been applied to crack sealants, surfacé treatmenits, and
HMA mixtures.

There are a number of individual method technologies déveloping underthese two
broad categories. The first two technologies applied in the United©tates were the
basis for defining wet process and dry process. The othigfs are relatively new
concepts which use the same basic processes, but have hadlittle or no field
evaluation. The first technology whieh appilied the weét process is called the
McDonald Process. The first applicatiopof the'dipprocess is called the PlusRide
Process. The newer concepts include the Generic Dry Process, Chunk Rubber
Asphalt Concrete and ContinucusdBlended ASphalt Rubber. These newer concepts
are described in Section VI Figure 1 deépicts thebasic hierarchy of the presently
known CRM technology as it has just beeq defined.

It is also important tofdistinguish between the processes, as just defined, and the
products which canbe produce@l., When CRM is incorporated into an asphailt
paving material, the CRM will modify the properties of the binder and/or act as an
rubber aggreégate. The modgified binder is commonly called asphalt rubber. When
CRM is used as an rubber aggregate, the HMA is called rubber modified hot mix
asphalts,Each methaod technology is specifically designed to achieve one or both of
these productsy, Understanding the process/product relationship is key to
developifig the design for a specific project.

C. History in the United States

The use of CRM in asphalt paving did not develop as a solution to an
environmental problem. In fact, the development of natural rubber in bitumen was




introduced in the early 1840’s.[5] For years, engineers and chemists have worked
to blend natural rubber (latex) and synthetic rubber (polymers} in asphalt cements
to enhance the elastic properties of the binder. Tire rubber, a compound of natural
and synthetic rubber, is an available raw material which has been included in this
effort.

In the early 1960's, Charles McDonald, Materials Engineer for the City of Phoénix,
began working with a local asphalt company, Sahuaro Petroleum, to degvelop a
highly elastic maintenance surface patch using CRM. This effort successfully
blended the CRM with asphalt cement and placed a thin maintenance patch
("band-aid"). Observations of its performance expanded intofthe plagement of
surface treatments for entire projects. In 1968, the Arizona Departiment of
Transportation (ADOT) placed its first Stress Absorbing/Membrane (SAM), a
surface treatment using an asphalt rubber binder. The "Wet procéssy" Sahuaro
technology, continued to develop in the 1870's. 4ADOT placed their first Stress
Absorbing Membrane Interlayer (SAMI) in 1922 and“Used, asphait rubber binder in
HMA open graded friction course in 1975. Durihg the mid“1870’s ADOT placed
over 700 miles of SAM and SAMI.[6]

As the Sahuaro technology continued to expand, ithe Arizona Refinery Company
(ARCO) developed a similar "wet process” technology which added a blend of
CRM and de-vulcanized CRM to the asphalt cement. The ARCO technology,
through the addition of the de-vulcanized CRM, hoped to take advantage of the
properties of re-procéssed tubber to further enhance the modified asphalt binder.
Unfortunately, the advantages ofsuging de-vulcanized CRM over standard ambient
ground CRM were nat significant and could not justify the additional cost of
processing tepachieve de-wulcanization.

The Sahuaro dnd Arcotechnologies merged and are presently controlled by the
patents’ co-owners. Carl Jacobson, Jr. and E.J. Johnson, the co-owners, retain all
patent rights to the Sahuaro and ARCO technology.[7] In this document, the wet
process developed in Arizona is referred to as the McDonald technology. A
number of companies have licenses with the patents’ owners to apply the
McDonald process across the country.




The dry process was developed in the late 1960’s in Sweden. The European trade
name for this hot mix asphalt mixture with CRM as an rubber aggregate was Rubit.
The Swedish technology was patented for use in the United States in 1978 under
the trade name PlusRide. In the mid 1980’s, the mix design was refined and
established as the gap-graded mix commonly specified as PLusRidétoday. The
Alaska Department of Transportation and Public Facilities (AKDOT&PE) began
working with PlusRide in 1976 and is still the principal State highwawagency
developing this technology.[8] They placed 19 experimental projécts between
1976 and 1983.

Four corporations have marketed the Plusride technology since It was ifntroduced in
the United States, originally All Seasons Surfacing Corp., thefi PlugRide Asphalt
Inc., PaveTech Corp., and presently EnvirOtire In¢.\ Alllof(these campanies were
based in the Seattle, Washington area. EnvirOtire'lnc. retaiismall patent rights and
establishes specific licensing agreements with contractors on a project by project
basis.[9]

The Federal Highway AdministratiennFHWA] has been involved with CRM since
the beginning of the 19/0%, 1197%, EHWA report FHWA-RD-72-1, An
Annotated Bibliography on Use of Rubber in Asphalt Pavements, provided a
summary of 86 documents discussing the use of rubber in asphalt pavements,
Although a majority @f these publi¢ations are related to natural and synthetic
rubber modifiers, some also disCuss the use of tire rubber (CRM).

The first forfnal program topexXamine CRM was initiated in 1976 as Demonstration
Project No. 37 The Use of Discarded Tires in Highway Construction. This
program.encouraged State highway agencies to examine the field application of
SAM’s and SAMI's. “Forty (40) projects were constructed and evaluated under this
programt

In 1983, the Demonstration Projects Division opened Experimental Projects No.3
(EP-3)= Asphalt Additives. The EP-3 program examines a broad range of asphalt
additives, including CRM. The focus for CRM in EP-3 is toward the development
of HMA Paving Materials. This program is ongoing. The title of the program was
changed to Test and Evaluation Project No. 3 (TE-3) in late 1990. This program is




presently evaluating the field performance of nine CRM experimental projects. See
Appendix B.

The most comprehensive review of CRM projects by FHWA was published in 1986
as report FHWA/RD-86/027, Investigation of Materials and Structural Praperties of
Asphalt-Rubber Paving Materials. This pooled-fund research study evaluatéd more
than 200 field test sections constructed between 1977 and 1984 involving many
applications of the wet and dry processes. o : :

The FHWA Office of Technology Application, formerly the Demonstratiofi Rrojects
Division, provides the national coordination for the evaluation@ new materials and
technologies. Experimental projects in addition to those funfed thibughgemo-37
and TE-3, are tabulated in the National Experimental Prgjects Tabulation/ (NEPT),
which categorically lists all known materials being evaluated by fighw@y agencies.
Through Demo-37, TE-3, and NEPT, the State highway agéncies have a vehicle to
examine the design, construction and field pesformancepef CRM.

The experimental evaluation program fors@RM hag been divided into two groups,
surface treatments and HMA’s. While the primary emphasis of Demo-37 was on
the application of CRM (wet process) as a surtace treatment binder, the primary
emphasis of TE-3 is to evaluate the design, construction and performance of CRM
(both wet and dry process)as an"HMA Dbinder. .




Illl. CRUMB RUBBER MODIFIER AND ITS PAVING PROPERTIES

A. Crumb Rubber Modifier (CRM)

Tire rubber is the principal component in CRM. Tire rubber is primdrily a composite
of a number of blends of natural rubber, synthetic rubbers, and carbon black. Tire
rubber, fiber, and steel belting comprise the key elements of today/gftire., Warious
parts of the tire construction require specific rubber properties, fléxible walls,
abrasion resistant tread, etc. These various parts of the tire contaln rubber with
different amounts of natural and various synthetic rubbersqgeNatural‘ribber pfovides
elastic properties while synthetic rubbers improve the cOmpound’s thermal stability
properties. In addition, there are differences between types&f tires. The CRM
industry has found that earlier passenger tires coritained approximately 20 percent
natural and 26 percent synthetic rubber, while earlieritruck™tires contained
approximately 33 percent natural addh21 péfeant synthetic rubber.[10] With the
development and improvement of the stéel belted tive désign, however, the
difference in tire rubber composition between passenger and truck tires has
reduced.

Although these variations in tifé rubber exigt) both between tires and within the tire
structure, the rubber compesition af a bulk sample of CRM is reasonably uniform.
A majority of the CRM industry does hot routinely produce a crumb rubber based
on a specific blend of tires. In géneral, to achieve a specific or unique set of
modified propefties, other sourcés of rubber (scrap, natural, or synthetic) can be
added to build @ particular ehemical composition.

The prineipal source of raw material for producing CRM is scrap tire rubber. Scrap
tire rubber.can be, delivered to the processing plant as whole tires, cut tires,
shredded tires or retread buffing waste. The form of scrap tire rubber delivered
will dépend greatly on the capabilities of the processing plant. Whole tires require
the le@st amount of pre-processing but are bulky and limit shipping capacity. Cut
tire raw rhaterial is scrap tires which have been minimally processed, typically split
or sectioned, to improve handling and shipping. Both whole and cut tire materials
are difficult for many processing plants to reduce to CRM due to limits of the
processing equipment.
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Shredded tire rubber is the preferred and logical alternative as a raw material for
producing CRM. The shredding process is generally a mobile operation, easily
taken from one scrap tire stockpile to another to reduce whole scrap tires into a
manageable material which is less bulky and easier to transport. The shredding
process typically reduces the tire to pieces 0.15 meter {6 inches) squaresand
smaller.

Buffing waste is a high quality scrap tire rubber which is a by-product ffom the
conditioning of tire carcasses in preparation for retreading. The scrap tife rubber
generated by the buffing process is very small thread-like shapes. Buffing waste
has been marketed since the development of retreading and, fdeCause of its gize
and quality, is an excellent raw material for many existing rubber planufg@tturing
processes. Although buffing waste rubber is available dhost 0fdtihe matgrial is
already allocated to the established rubber manufacturing companiesand is
generally in high demand.

The quality of the raw material, particularly its €leanliness;i§ & factor in producing
a quality CRM. The amount of contaminate, specifically soil, sand, and rocks,
included in the raw material delikered to the reprocessing plant will many times
follow through the processing and account for@fraction of the delivered CRM
product. Whole tires have the highest potential for retaining deleterious material,
especially inside the tire. Ut tire sectians, reduce this retention factor, but still
hold deleterious material by nature offtheiriCconcave shape. Reducing scrap tires to
a shredded tire raw ghateriahcan signjficantly improve the quality of the material.
Most shredding ogerations willisubstantially eliminate the concave shape and the
processing itself physically loosens soil adhering to the tire, which can be
discarded prior to processing the shredded tire into CRM.

The type of sgrap tire raw material and the quality of that material are generally the
responsibility of the CRM processor. The capabilities of the processing plant and
the buyer's specified CRM properties will direct the processor’s operation.

There are basically four methods of processing scrap tire rubber into CRM.

The crackermill process is the most common method. The crackermill
process tears apart scrap tire rubber, reducing the size of the rubber by
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passing the material between rotating corrugated steel drums. The tearing
action is achieved by the spacing between the pair of drums and the
differential speeds of the drums. The process is performed at ambient
temperature and requires that the scrap tire be pre-processed by shredding.
The crackermill process is the most common and productive miethod of
producing CRM at the present time.

The granulator process shears apart the scrap tire rubber, cufting the rubber
with revolving steel plates that pass at close tolerance. Thelgkanulator
process is performed at ambient temperatures and capn.ascommodate any
form of scrap tire rubber, including whole tires.:

The micro-mill process further reduces a crundh, rubbef to a very fine ground
particle. One micro-mill process mixes crumbfubber withpwiater to make a
rubber slurry. The slurry is forged between rotating abrasive disc which
reduce the rubber crumb to a smaller size.. The processed slurry is extruded
and dried to achieve this crumb rubBés product. ‘

The cryogenic processis not performed at ambient temperatures. This
process reduces the tempeérature of §€hap tire rubber by submersing it in a
bath of liquid nitrogen. TRe brittle rubber is then crushed to the desired
particle size. Although this technique has been successfully demonstrated,
it is too costly for full scalefproduction at this time. In addition, the surface
texture of@@ryogenically crushed scrap tire rubber may have limited benefit
as CRMA This repartwillnot expand on the use of CRM produced by the
cryogenic process.

Although™theresare substantial differences in the methods just described, there are
several cofmmon aspects to producing CRM. Each process, except for micro-
milling frequires one or more series of fiber and steel separators. As the scrap tire
rubbelr I8 processed, reducing its size, the steel belting and fiber reinforcing is
separatéd\from the rubber. The fiber and steel separators in the processing chain
remove these materials out of the processed rubber crumb. Depending on the
conditions, talc or other inert mineral powder, is added to the CRM to reduce the
rubber particles’ tendency to stick together. This, in turn, improves the CRM’s
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ability to be handled and flow from its shipping container. Typically, the amount of
talc required should not exceed 4 percent by weight of the rubber,

In general, a scrap tire weighing approximately 9 kilograms (20 pounds) will
produce 4.5 to 5.5 kilograms (10 to 12 pounds) of CRM. The remainder of the tire
is fiber, steel and small amounts of rubber removed with the fiber and st€el, These
by-products from processing scrap tires can have recycling value depending on the
availability of those recycling industries.

In addition to mechanical reduction of scrap tire rubber, it is possible ta . €hemically
alter the rubber component. Early work by the Arizona Refin@ry Company (ARCO)
reduced a portion of the crumb rubber to a devulcanized state. THIS chémical
processing breaks the vulcanization (polymer block linking) 1@ aftain a s@iter, more
pliable material. ARCOQ's research and field application @f devulcanized CRM
showed no significant improvement ovedCRM which didfiot receive the additional
processing. Therefore, the cost associated with the @dditional processing could
not be justified. This report will not elaborate 0n devulcanized CRM.

Each method of producing CRMhgenérates @ unique particle with specific
characteristics. The crackermill process produces an irregularly shaped torn
particle with a large surface area. Theyparticles ¢an be produced over a range of
sizes from 4.75-millimeterdsieve to 425:micron sieve (No. 4 to No. 40 sieve).
These particles are commeonly described as a ground CRM. The granulator
produces a cubical,diniformly shaped ¢ut particle with a low surface area. The
particles can be greduced overagraige of sizes, typically from 9.5-millimeter sieve
down.to 2.00-millimeter sieve (3/8-inch to No.10 sieve). This material is called a
granulated CRM.

The mig¢re-mill process produces a very fine ground CRM. The particles can be
reduced t0 @ range of sizes from 425-micron sieve down to 75-micron sieve (No.
40 to No. 200 sieve).

The desired surface area, size, and shape of the CRM for a particular project will
determine which method of processing is required. The project specifications
should establish the required gradation of the CRM and the type of particle, ground
or granulated. From this specification, the contractor can solicit information and
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quotes from the CRM producers and/or subcontractors specializing in CRM
technology. )

Although there are inherent variables in the raw material, scrap tires, some degree
of quality control can and should be required for CRM producers. Appendix C
provides a basic material specification for the CRM. Every CRM produger should
have a quality control program to continually monitor the uniformityefithésproduct,
‘both its chemical composition and gradation. Expected minimal tésting is
described in the Appendix C specification. Major fluctuations in the chemistry ob
gradation could alter the properties of the desired paving praduct. ASIM is also
considering a specification for CRM.[11]

Processing scrap tires into CRM is not a mobile op@ration.f A small/industrial
facility with a $5 to $10 million capital investment {0 equipmént’is necessary to
produce a quality product. Table 1 grovidesia list of present known CRM
producers. The list is not inclusive of allhproducerss,, Most of the producers have
established scrap tire sources and already Work at peak Capacity to fulfill existing
contracts. The cost of CBRM fromgth@yproducenranges from 20 to 35 cents per
kilogram (10 to 15 cents penpaund) plusishipping for coarse and medium particles
(above 425-micron sieve), and above 55 cents per kilogram (25 cents per pound)}
for fine ground CRM.

Most CRM is shipped in 22- to 27-kilogram (50- to 60-pound) bags, which are
paper or plastict These are stacked on pallets and shipped in trailers. There are
also 900 kilogram (2000 pound) containers which are either canvass {reusable) or
paper. The 900 kilogram containers are readily handled by conventional forklift
equipment and discharge the CRM from the bottom. Other methods of bulk
shipment are being examined by the CRM industry. The major problem with bulk
shipment'is segregation of the smaller particle sizes to the bottom of the container.
If blends of CRM specify a broad gradation range (for example:4.75-millimeter
sieve 10.425-micron sieve, No.4 to No.40), then bulk shipment may not be an
appropriate method of transporting the CRM.

The geographic range required by the producers to obtain scrap tires is

substantially smaller than their range for shipping the CRM product. As previously
noted, many of the established State legislation packages on scrap tires which
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have an incentive program for alternative uses require that scrap tires from that
State be incorporated in the project. This restriction is impractical for asphalt
paving projects using CRM. Unless the CRM producer maintains a facility in that
State or routinely receives scrap tires from that State, mandatory use of "in-state”
scrap tires can reduce or eliminate any benefit from the program. The cast
associated with double-shipping the rubber is prohibitive.

The following are two possible alternatives for handling this problem. Afe first
alternative is to have the CRM producer ship processed CRM to the project and
return with "in-state" tires to his facility. Even though the CRM used on the
project was not produced from "in-state" scrap tires, the equivalent @amountof
"in-state" scrap tires are removed from the State’s inventory. Thefothegfalternative
is to require the contractor to have "in-state" scrap tire€ propérdy recycléd by ény
acceptable method instead of using them for the CRM project.Ifeith®r situation,
the ratio of scrap tires to processed CRMashouldgnot be based on an equal weight.
Based on the industry rule of thumb, a standard sCrapitite Wweighs 9 kilograms

(20 pounds) and the standard ambient CRM progessing methods produce 4.5 to
5.5 kilograms (10 to 12 pounds) of CRMuper scrapitire. The supply to product ratio
of 2 to 1 can be considered reasenable.

B. Paving Properties

There are two basicgiroducts which ¢an be achieved by adding CRM to asphalt
paving application®. They are modified binder and rubber aggregate. The size,
shape, and texture of €RM required to achieve these end-products varies with the
propesed application. The remainder of this section discusses how the CRM
affects the asphalfieement and aggregate.

Modified Binder
When asphalt.cement and CRM are blended together, there is an interaction
between the materials. This interaction, defined as asphalt-rubber reaction, is

affected by a number of variables. Specifically, the reaction is influenced by the
temperature at which the blending/reaction occurs, the length of time the
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temperature remains elevated, the type and amount of mechanical mixing energy,
the size and texture of the CRM, and the aromatic component of the asphalt
cement. The blending temperature, time, and mechanical energy are parameters of
the process used to add the CRM. Depending on the process selected, these
parameters can be adjusted (within limits) to achieve the desired praduct.

The reaction, more appropriately defined as polymer swell, is not a chemical
reaction. It is the absorption of aromatic oils from the asphalt cenient into the
polymer chains which are the key components of the natural and Synthetic rubbes
in CRM.[12] The natural rubber polymers are more reactiveaith the asphalt
cement than the synthetic rubber polymers. Each groupot polymer chainsiimparts
particular characteristics into the modified binder.

The reaction does not result in a melting of the CRM into thewAE&r The reaction is
similar to a compressed, hard, dry sgenge being placed in a water bath. As the
sponge absorbs the water, it swells and_softens, "6RM hehaves in a similar
manner. As CRM reacts with the asphalt éement it also swells and softens. And,
in addition, the reacted particle begames tackyand develops an adhesive property.
A fully reacted particle can swell 3 to'§ times I8 wriginal volume.[13]

The viscosity of the asphalt/CRM blend is used to monitor the reaction. As the
asphalt and CRM reagt, absorbing@arematic oil from the asphalt cement, the
blend’s viscosity incréases as th@.amaount of aromatic oils to lubricate the binder
reduces. The sWelling and adhesive characteristics of the reacted CRM also add to
the increasedwiscosity.” Ampasphalt cement modified with 15 percent CRM can
increase the binder’s high temperature (135 °C, 275 °F) viscosity by a factor

of 10.

The ratedf reaction between CRM and the asphalt cement can be increased by
increasing the surface area of the CRM. A given weight of ambient ground CRM
passing a 850-micron sieve (No. 20 sieve) reacts faster than an equal weight of
granulated CRM passing a 4.75-millimeter (No. 4 sieve). The surface area is
increased by the reduction in size and the difference in production methods. This
concept is used to distinguish between modified binder and rubber aggregate.
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The rate of reaction is also influenced by the temperature at which the blend is
reacted. If a modified binder is the desired product, then blending temperatures
between 150 °C and 200 °C (300 ° and 400 °F) are needed to accelerate the
reaction. There are some experts that believe some rate of reaction takes place
even at ambient temperatures.[14] It is very probable that the supply oftaromatic
oils available in the asphalt cement is "shared" with the CRM and that the feaction
occurs both ways depending on the balance of aromatic oils available to_the
system. Also note that the binder viscosity stabilizes as the reaction c@ntinues.
The specified reaction time should be the minimum time (at a preset temperature}
required to stabilize the binder viscosity.

The mechanical mixing energy used to blend and react the madified dindér can
significantly alter the characteristics of the binder. Duelto the particle size typically
specified for CRM, only low energy shear mixing has beeén appliedagHigh shear
mixing equipment will not handle the coafse CRM. The use of high-energy shear
mixing and fine ground CRM may be an area for furthémnresearch.

This modified binder, asphalt rubber, exhibits enh@nced binder properties when
compared to conventional asphals ceiment IR laboratarytests. Changes in the
viscosity of the binder over the noimal range of Operating and mixing temperatures
indicates that the addition of CRM flattens the temperature/viscosity curve,
reducing the binder’s température sensitivity. Most of the modification in the
binder’s properties, with régard to vigeosity, occur at the higher temperatures.
Figure 2 illustrates tle effect,of CRM/on the binder’s temperature/viscosity
curve.[15] By inefeasing the highst€mperature viscosity of the binder, the binder
can be.modified in onewof two ways. As already noted, using a standard asphalt
cement withhCRM will modify the high temperature properties of the binder. The
other approachis talowerthe viscosity grade of the standard asphalt cement and,
through'the addition 0f CRM, retain the standard asphalt cement high-temperature
propertie§s while modifying the low temperature properties of the binder. The shift
in low température properties can also be accomplished through the addition of
extender oil'with the standard asphalt cement and CRM. Figure 2 illustrates how
the binder viscosity can be changed by alternative material selections. Table 2
shows how the binder properties can be altered by the addition of CRM.[16]
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A majority of the standard binder tests used to measure the properties of asphalt
cement can be applied to asphalt rubber binder. Appendix C provides a basic
material specification for asphalt rubber binder. Only the conventional capillary
type viscometer tests are known to be ineffective. The physical restrictions of the
capillary tube will not accommodate the swollen rubber particles. fg&search to
increase the diameter of the tube was unable to achieve consistent results.[17]
The method used to measure the viscosity of these modified bindersii§ rotationat
shear resistance using the Brookfield Viscometer, ASTM D 2994./ Portable
versions of this viscometer are commonly used to monitor the bindér during the
reaction phase and as a production control. Several bindergests may show an
increase in standard deviation due to the non-uniformity 0t the modified Ginder.
Since the crumb rubber does not "dissolve" into the asphaltemerit, the swollen
rubber particles in the binder can affect the consisténcy of the bindér during a
particular test, such as penetration and ductility.

The enhancements in the binder properties measuréd, in the lab can be an
indication of better performance of the paving material“iin the field. However, there
are numerous variables, beyond thé praperties af the binder, which also affect the
overall performance of the pavément. Setting these other variables aside, the
modified binder properties may influence thexfollowing performance characteristics:

1) Thermal cracking.
The reduced temperature Susceptibility will allow the mix designer to choose
a softer binder which I8 more flexible at low temperatures without
decreasing the binder’s rutting resistance. The elastic properties of the
modified bindenenhance the mixture’s ability to resist tensile stresses.

2) Rutting.

A\ primary effect of adding CRM to the binder is its ability to modify the high
operating temperature properties of the binder.
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3) Reflective Cracking.

A CRM modified binder demonstrates a significant enhancement in
laboratory elasticity and resilient modulus testing.

4) Aging.

One of the components of CRM is carbon black. Studies show that the
addition of carbon black improves the binder’s durability. In addition, these
binders are more viscous and typically retain thicker bindesfilms on the
aggregate. The thicker film delays the detrimental effe€t of oxidation.

5) Chip Retention.

The adhesive properties of the natdral rublier,companent increase the
binder’s ability to hold aggregate in plage.

There is also the potential for cértain undesirable side effects. To develop
enhanced pavement performance ¢chatacteristics, the mix design will generally
require the modified binder todmerease its role in the paving material. In simple
terms, modifying the asphalt binder with"CRM will require an increase in the binder
content. This has the following effeCts on the paving material’s characteristics:

1) Cost.
Lheinerease in the binder content and the cost associated with a CRM
modified binder,substantially increases the cost of the pavement. General
costs for different applications are provided in Section V. To justify this
cost requires an equally substantial improvement in pavement performance.

2) Bleeding and Flushing.

Higher binder contents increase the potential for bleeding and flushing.
These mixes are sensitive to deviations from the established mix design.
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Both the mix design procedures and construction control practices must be
followed carefully.

3) Tracking.

CRM modified binder readily adheres to rubber. Blotter sand may be
required on newly constructed surfaces to reduce tire tracking until the
binder has sufficiently cooled and the surface oxidizes.

The ability of CRM to enhance the properties of the binderdiifi@es onthe
compatibility between the asphalt cement and the CRM/ Compatibility is
dependent on the composition of both materials. The compaSition of the CRM is a
relatively homogeneous blend of numerous rubber'palymers from different types
and parts of a tire. For all practical purposes, our ability to change the overall
blended composition of CRM is limitéd: Thé asphalt 1§ composed of asphaltenes
(solids), aromatics (oils), and saturates {@els) which wary with crude source. The
type and amount of aromatics in the asphalticement play a major role in
determining the compatibility. The&re must be sufficient aromatics in the asphalt
cement to satisfy the absorption demandsof the CRM and retain the needed low
temperature flexibility of the Binder. If the'pfeposed asphalt cement is from a low
aromatic crude, an extepdenoil wilhbe needed to "sweeten" the asphalt cement or
a different asphalt soUurce should be'¢onsidered. Every asphalt source should be
checked for compatibility with CRM before field placement of material. The
asphalt cement and CBM are coimpatible if the reaction time and temperature are
reasonable {175 °C (350 2F) for 1 hour) and there is a significant flattening in the
temperature visCosity curve. These conditions will vary with the particle size and
amount of CRM.

Rubber Aggregate

The other product achieved by adding CRM is rubber aggregate. By limiting the
time that the asphalt cement and CRM are maintained at mixing (reaction)
temperatures and by specifying a coarse granulated CRM, the CRM can retain its
physical shape and rigidity. This rubber aggregate product is only applied to hot-
mixed asphalt designs and cannot be applied to non-plant mixed applications
(surface treatments).
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Generally, a mix design using this concept will include a percentage of finer ground
CRM which produces a partially reacted modified binder. Evidence of this reaction
has been noted by the "swelling” which occurs in the laboratory mix.

The limited reaction time allows the surface of the rubber particle to reagbwvith the
asphalt cement, but does not permit sufficient time for the reaction to penetrate
the entire rubber mass. This creates an asphalt/rubber interface which bor@s the
two materials together.

By specifying a granulated CRM, the smooth sheared surfaces ofsheyparticle,are
less reactive (lower surface area than ground CRM} and its cubical shape can be
factored into the combined gradation of CRM and aggregate., Thedesigri of the
combined gradation must take into account the differenée\in material specific
gravities. CRM has a specific gravity of 1.15 and most aggregates Aave a specific
gravity around 2.65. The weight of the GRM pagtieles retaifned on any given sieve
must be adjusted by a factor of 2.3 (2.65 + 1,45) to detémmine the composite
gradation.

Putting aside the effect of any binder/modification whigh may accompany a design
with rubber aggregate, how might rubber aggregate affect the performance of the
hot mix asphalt mixes?

1) Reflective Cracking.

CRM, as rubbier aggregate, May resist the stresses which occur as cracks in
the existing paveérent propagate upward through the overlay. When the
glress anthe tip of'the crack reaches a rubber particle, the particle absorbs
the stress, delaying the advance of the reflective crack.

2) Ice Disbonding
When & rubber modified hot mix asphalt is laid and compacted, some of the
rubber particles in the mix are exposed on the surface. These rubber tips

compress slightly when subjected to wheel loads. This creates a small area
of flexibility that will not retain ice when it begins to crystallize. The benefit
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of this characteristic may only apply when the surface is continuously
loaded and when the ice is relatively thin.

There are potential disadvantages associated with CRM used as a rubber
aggregate. Similar to a CRM modified binder, for rubber aggregatefts achieve the
benefits of delayed reflective cracking and ice disbonding requires a minimum CRM
content in the mix. This may have the following effect on the material’s
characteristics:

1) Cost.

The cost of CRM is significantly higher than the @ggred@ate being displaced.
In addition to this increase in cost, the bind@rncontent will inCrease to satisfy
the small degree of rubber/asphalt reaction that occurs on the surface of the
CRM. The total increase in i@ costdifyithe paving material must be balanced
by an equal or better increase in the perfotmance.

2) Ravelling.

When a load is placed @n a particle' @t crumb rubber, it will deform and then
rebound when theglmad is‘témoved. |t the structural aggregate matrix
includes particlés of CRM, the surface aggregate will displace when
subjected to wheel loadirig because the CRM deforms as the aggregate
transferg the streéss into the pavement structure. The strain at the
bindeff@garegate Mtefface increases with the increase in aggregate
displacement. If the amount of strain and repetition of strain exceeds the
dbility of the Binder to retain the surface aggregate, surface ravelling will
occur.

Compatibility is not as critical with CRM as an rubber aggregate. The reaction
between the CRM and the asphalt cement does not play a significant role in
developing the performance enhancements of rubber aggregate. Some reaction is
necessary to achieve the bond between the CRM and the asphalt, but a complete
reaction (sufficient aromatic in the asphalt) is not desired. As noted previously,
however, a mix design incorporating CRM as a rubber aggregate usually includes
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finer ground rubber which modifies the binder. The degree of binder modification
desired will govern the need to consider compatibility between the CRM and
asphalt cement.
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IV. CONSTRUCTION PROCESS FOR CRUMB RUBBER MODIFIER

Section lll defined crumb rubber modifier (CRM) and the two products that can be

achieved by adding CRM to asphalt paving materials. The objective of this section
is to describe the two processes presently in use to combine the CRMhwith paving
materials. The intent of each process closely parallels the products. Far simplicity,
the processes are called the "wet process” and the "dry process.” Zlhe remainder
of this section will define each process, identify the equipment neéded, and cutline
each procedure.

A. Wet Process

The wet process defines any method that adds the CAM to the asphalt cement
prior to incorporating the binder in the asph@lt paving project. This process is used
to produce a modified binder product. There are thiée.elements to the equipment
necessary to achieve the wet process. Theylinclude blefding the CRM and asphalt
cement, reacting the two_snaterial§, and,transférring the modified binder product to
the desired project application, (Figure 3 provides @ simple schematic of the "wet
process.”

The blending unit mugt be capable of properly metering the CRM (a dry ground
and/or granulated.material) into the asphalt cement {a hot viscous liquid} at the
required proportion established by the mix design. The biending chamber uses low
shear mechanigal energy to produce a uniform blend of CRM and asphalt cement.
The chamber should be heated to retain the temperature specified for the reaction.
Early ‘projects usingthe process used agitated, heated asphalt tanker trucks to
blend the CRM inte, the asphalt cement. This method was found to be
unsatisfactory. It could not produce a uniform biend of modified binder and could
not maintain adequate temperature for the reaction. Today’s blending units are
separaté from the reaction tanks and are continuous blending units. The operator’s
panel cantrols the feed rate of the CRM and the pump speed for the asphalt
cement. The materials are combined in the blending chamber and immediately
discharged into the reaction tank.
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The reaction tank must be capable of maintaining a uniform blend and maintaining
a uniform constant temperature. It should be equipped with a mechanical agitating
system that will keep the CRM uniformly dispersed in the asphalt cement and
circulate the binder to maintain the reaction temperature uniformly throughout.

The heating system must be capable of maintaining the reaction temperdture
(typically 175 to 200 °C, 350 to 400 °F) without generating hot spots which can
"burn" or "coke” the modified binder. Again, conventional agitated tankef§iare not
reliable reaction tanks based on past performance.

Once the reaction holding time has been achieved (typically 45 _minutes tQ

1 hour), the modified binder is ready for use. The partibular dpplication will
determine what method of transfer is required. Most applicationsd#equirgé some
method of controlled metering for the modified binder. (Fast experience ini the CRM
industry has shown that the asphalt rubber binder is an abrasive fluid and will
deteriorate conventional binder pumps ragidly. S@ecial pumps and frequent
calibration are essential to ensure that a uniform accurate, application of the
modified binder is achieved.

The equipment necessary to perform the wet process i$ easily mounted on truck
and trailer frames, making it very portable. The Wwet process is usually performed
at or near the project site or hot.mix faeility. The'equipment is self-contained and
does not require any utility/hook-ups. Twaylimiting factors to the process are
having sufficient storage area for the(@hipment of CRM and the manual effort
required to add CRM to the blending unit's hopper. The present practice is to
manually break 22-30 27-kilograms(50- to 60-pound) bags of CRM and deposit the
crumb,onto an auger canveyor which feeds the blending hopper.

B. Dry Process

The dry pracess defines any method of adding CRM directly into the hot mix
asphalt mix process, typically pre-blending the CRM with the heated aggregate
prior to charging the mix with asphalt. This process is normally used when a
rubber aggregate product is desired. No special equipment is needed for this
process; however, a calibrated proportioning feed system is necessary when drum
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plants are used. The dry process has only been applied to hot mixed paving
projects. It does not lend itself to other asphalt paving applications, such as
surface treatments.

Incorporating the dry process at a batch mix facility is simple, butd@bor-intensive,
The CRM is delivered to the site in 22- to 27-kilogram (50- to 60-poundy) plastic
bags. The bags are made of a low melting point material which allgWw " the aperator
to charge the mixing chamber with the entire bag of CRM. The size of the Baich
to be mixed determines the number of bags to be added to each Qatch. The bateh
size usually corresponds to a whole number of bags per batghs, No partial bags are
added.

The dry process sequence at a batch mix facility i§ as fallows. The mixing
chamber is charged with heated aggregate, immediately folowed Dy manual
charging of the CRM bags. The ag@regated@nd CRM @re "dry" blended for
approximately 15 seconds before the agphalt cemeént is added to the batch. The
entire batch is then mixed to obtain a uniformly coated rixture prior to discharge.

The dry process can be used with drum mix facilities similar to producing mixes
with recycled asphalt product (RAP). The process and equipment required for
introducing RAP into a_dmum mixeéhcan also be used to introduce CRM into a drum
mixer. It is essentiallthat the CRM féed system is electronically synchronized with
the aggregate cold féed systeni to6 maintain proper proportioning of the CRM to the
aggregate. The method used to meter the CRM must be sensitive enough to
handle the small percentagéitypically less than 3 percent by mix weight) of low
specific gravity {h. 15) material. Although there are no additional steps in
processing CRM intoya drum mix plant, some adjustment in temperatures and mix
time will be néeded 10 produce a uniformly blended/coated mixture.

The dry process will generate some reaction between the CRM and asphait
cement. The temperature of the mix and the time the mix is maintained within the
mix/compaction temperature band will be sufficient to react a portion of the
crumb. The amount of fine CRM introduced into the mix will determine the degree
of modification to the asphalt binder.
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Similar to batch mixing, the "dry process" at a drum mix facility has been labor
intensive. Most projects are supplied with 22- to 27-kilogram (50- to 60-pound)
bags which must be manually emptied into the feed system. Receiving bins which
would accept the 900 kilogram (2000 pound) containers would greatly improve

this condition.
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V. DESIGN AND CONSTRUCTION PRACTICES

The use of crumb rubber modifier (CRM) in asphalt paving materials requires an
understanding of appropriate design procedures and construction practices for the
various paving applications. This section provides an overview of@hiow CRM
affects the design and construction of crack and joint sealants, surfaceitreatments,
hot mix asphalt, and composite designs.

A. Crack and Joint Sealants

The wet process is used to modify the properties of anfasphaltcérack/joint (C/J)
sealant with CRM. This ensures that the CRM is fully réactéd and has the
maximum potential to enhance the asphalt. The Use of‘@sphalt-rubber C/J sealant
is common across the country and is routinely used by many Stale maintenance
crews. The material has an excellént perfgfmance record and is generally a cost-
effective alternative.[18]

The choice of a sealant far a giveh loesation §hauld take into consideration the type
of pavement, type of crack er joint, shape/size @i"the crack or joint, time before
next scheduled major rehabilitation, traffic valume, degree of pavement distress,
maximum/minimum temperatures havailability of equipment and work crews, and
traffic control. Other factors may alse be relevant to the selection of the sealant
material. The manufacturers of @sphalt rubber C/J sealant provide a variety of
sealants to meéet different climaté/pavement conditions. These sealants are
normally designed to meet Various ASTM specifications (D3405, D3406, D5078).
if the manufacturer’s standard sealants do not meet a specific requirement, it is
possiblexfor themto develop a special asphalt rubber blend to meet the highway
agency’s needss,

Asphalt rubber C/J sealant is typically preblended and packaged in 22.7 kilogram
(50-pound) blocks. These blocks must be remelted and "reacted" before the
sealant ¢can be applied. Due to the nature of asphalt rubber, the melting pot should
have heating and circulation features similar to those discussed for reacting asphalt
rubber. The sealant is generally heated to 175 °C (350 °F) and has a pot life of
approximately 12 hours. Even at the application temperature, the asphalt rubber
sealant is more viscous and will not self-level after being applied.
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With any choice of C/J sealant, it is important to properly prepare the pavement,
The crack or joint must be shaped, cleaned, and dried in preparation for the
proposed sealant. The optimum shape factor for asphalt rubberis 1 to 1 (width to
depth ratio) and should never exceed 2 to 1. A backer rod or other bond breaker
may be desirable for some applications. To obtain the best possible adhg8ion
between the pavement and the sealant, the pavement temperature should be
above 5 °C (40 °F). Follow the manufacturer’s recommended application
instructions to achieve the best performance from the asphalt rubber sealant.

The engineering properties characteristic of an asphalt modified withy CRM are
beneficial for its application as a sealant. Asphalt rubber bindér has enhanced
temperature susceptibility and aging properties. The polymer {rubb@r} ch@ins
improve the high temperature viscosity without significahtly altéring the low
temperature viscosity. The carbon black component of tité rubber 1§98 known
aging inhibitor. These properties enhancefthe duréhbility of the sealant. The
polymer chains also improve the elasticity of the asphalt subbér, which benefits the
flexibility of the sealant. Asphalt rubber has impraved adhesion properties. This
characteristic is important for the sealanttéymaintainiits bond to the pavement
surfaces when tensile stress inctéases during eald weather contraction of the
pavement.

Asphalt rubber C/J sealant s available frommha number of manufacturers and would
not be considered a propriétary produCt if the specification is not manufacturer
specific. This shouldfnot be eonfused/with other polymer (rubber) modified asphalt
C/J sealants which tise virgin polymérs as the modifier. McDonald’s asphalt rubber
C/J sealant is patented., Carl C.Jacobson, Jr. and E. J. Johnson are the patent
holders.[ 7] Asnumber of companies around the country are licensed with the
patent Rolders 10 manwufacture and sell McDonald’s asphalt rubber sealant.

Approximately 80 percent of the States use some amount of asphalt rubber C/J
sealant. States which apply a large amount of this sealant include: Texas,

Nebraska, Georgia, Arizona, Pennsylvania, New York, California, Nevada,

New Mexico, and Wisconsin. The cost of the material generally ranges from 45 to

65 cents per kilogram (20 to 30 cents per pound). This is the material cost and

does not include shipping or the cost of installation (labor, equipment or traffic control).
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B. Surface Treatments (SAM)

A surface treatment using an asphalt rubber spray application and cover aggregate
is called a "Stress Absorbing Membrane" (SAM). Because this construction
technique requires the spray application of the binder and there isgle mechanical
mixing with aggregate involved, the use of a SAM is only possible with, the CRM
wet process.

The results of Demonstration Project No. 37 - Use of Discarded Tires in Highway
Construction found that SAM’s can be a cost-effective surfage treatient indcertain
situations. This conclusion was confirmed in the follow-up pooled-fund study.[19]

The design of a SAM should examine both the bifder and cover aggregate. The
asphalt rubber binder may be thinned with a diluent to improvedistributor/spray
flow. The amount of CRM in the hifider isdypically 20 to 30 percent by weight of
asphalt cement. The diluent is normallya lighter petroleum product (typically
kerosene) added to the modified binder just before the binder is applied to the
pavement surface. The amount gfidiluent IS @pproximately 5 to 7 percent by
weight of the asphalt rubher binder.

The cover aggregate is_the,other éomponent material of a SAM. Proper selection
of the aggregate size(gradation) andishape is important to the performance of the
surface treatment. Cover aggrégate is generally a uniform size (9.5-millimeter to
6.3-millimeter gieve, 3/8-inch to 1/4-inch sieve size) and preferably hot precoated
with 0.3-0.5 pércent (by weight) asphalt cement. The aggregate should be
relatively clean‘tohinsure a bond with the binder. The compatibility of the binder
and agoregate is a part of the design process. An appropriate stripping test should
be performed to,insure compatibility. This applies to the asphalt rubber and
agaregate as well'as the precoat asphalt cement and aggregate.

Once the materials have been selected, the designer must determine the
appropriate spray application rate and aggregate spread rate to achieve proper
coverage and embedment. One proposed design procedure is included in
Appendix D. Typical values which have been used successfully are 2.7 litre per
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square meter (0.6 gallons per square yard) of diluted asphalt rubber binder and

19 kilograms per square meter (35 pounds per square vard) of precoated cover
aggregate. Improper selection of the spray and spread rate has resulted in flushing
and/or aggregate loss. Both failure modes can be safety problems requiring
maintenance attention.

The construction of a SAM is similar to any surface treatment. The major
difference is the modified binder applicator. The asphalt rubber binder, gven
diluted, is more viscous and abrasive than conventional asphalt cement binder.
The spray applicator truck must be capable of properly holding theshinder
(temperature and circulation) and uniformly metering and spraging the binder.“Fiie
pumps are generally heavier and the spray orifice is larger.

The diluent chosen to reduce the asphalt rubber viscosity will affectithie cure time.
To minimize wheel tracking immediately after construction; @ blotter sand can be
applied.

The construction of a SAM should includemproper ingpection of the materials,
project site, and application procedurés. A guide specification can be found'in
Appendix E. The asphalt rubber bindér should be shecked for complete reaction,
maintained temperature/circulation, and wroper dispersion of the diluent. The
reaction and dispersion of diluentare verified by using a portable rotational shear
viscometer which can take quick meagurements of the binder’s viscosity. These
measurements can bg compared to laboratory mix design values. The aggregate
should be examine@hfar moisturésand contaminating fines. If the aggregate is
precoated, uniform coating of the aggregate should be checked. The existing
pavement sirface should be properly cleaned before applying the SAM. During the
application of the SAM, the rate and uniformity of the distributor spray is very
important.\ Improper application of the binder can cause loss of aggregate
(insufficient @mbedment) or flushing {excessive binder}. The cover aggregate must
be spread uniformly at the designed rate of spread and then embedded with a
roller. Generally, spreading and rolling the cover aggregate follow immediately
behind the distributor.
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The use of an asphalt rubber binder in a surface treatment may have particular
benefits for the performance of the pavement. The addition of CRM to the asphalt
cement enhances the temperature susceptibility, aging, elasticity, and adhesion
characteristics of the binder. Temperature susceptibility and elasticity influence
the binder’s ability to resist the stresses induced by climate and trdffic, thus the
name stress absorbing membrane (SAM). The carbon black content @f,tire rubber
increases the binder’s ability to resist aging, a significant factor in the overall life of
a surface treatment. Finally, the ability of the binder to retain thé Cover aggtegate
is enhanced by the adhesion of asphalt rubber binder.

The engineering properties of a SAM can resist and delay the developmient of
reflective cracks when the cracks are generally inactive, liked@Hligator fatigue
cracking and closely spaced random or block cragking. TA"SAM cah not resist the
amount of strain that is typical of transverse thermal cracks ilmasphalt concrete
pavements or transverse contractiofhjointsdin, Portland Cement Concrete
pavements. As with any surface treatment, the eéxisting pavement structure must
be sound. Placement of a SAM over meisture-related pavement distress without
proper consideration for repair and'Breventionof further moisture distress will not
achieve the expected performance and ceuld accelerate additional moisture
damage.

The design and consiruction of a surface treatment is a conventional paving
procedure, but the use of an asphalt rubber (McDonald) binder is proprietary.
Jacobson and Adohns@mare the patent holders, and a number of companies around
the country@tie licensed with' thiem to manufacture and sell asphalt rubber
hinder.[7] Thesécompanies are also equipped with special distributor equipment
1o handle the application of asphalt rubber.

SeveraldStates routinely design and apply SAM’s to their pavement network.
Arizona, California, and Texas are predominant States involved with using this
product.[20,21,22] Although most SAM applications are applied at the local level,
some primary and interstate routes also receive this pavement surface treatment,
The cost of a SAM is significantly higher than conventional surface treatments.
The present cost of a SAM in place is generally 100 percent higher than a
conventional surface treatment. The cost increase is due principally to the asphalt
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rubber binder. In Arizona and Califor'nia during the late 198‘0’3, the in-place cost
for a SAM generally ranged from $1.90 to $2.30 per square meter ($1.60 to
$1.90 per square yard).[19]

This section has focussed on the application of asphalt rubber as a spra¢ |
application for surface treatments. Other thin asphalt surfacing techniques thay
also benefit from CRM technology. Each application should be examineddio
determine if the properties of the modified binder are needed for the given
conditions.

C. Hot Mix Asphait (HMA)

The use of CRM in hot mix asphalt (HMA) paving materials has muéh broader
variability and potential than the previouslydiscySsed applications, crack/joint
sealant and surface treatments. Two of the grincipalvariablés are the type of CRM
process (wet or dry) and the type of HMA (denge, gap, or open graded). For
clarity, this section on HMA paving apglications is divided into two parts:

(1)HMA applications using the wet process (McDonald), and

(2)JHMA applications using the dry process (PlusRide).
Each part will discuss the various,types of HMA paving applications using that
particular CRM technologyt The new CRMitechnologies and their use for HMA
applications are discussed in SectionWi. ' '

One common issyé related to bothof these HMA applicatiOns is that they are
relatively new with respect to appropriate field evaluation. Many factors regarding
mix design, Genstruction, and especially, performance, are still unresolved. Even
States'that have putisubstantial research effort into evaluating CRM technology
have not resalved all the factors, particularly performance and its relationship to
cost-effectiveness for the highway community.[23]

1) HMA - McDonald technology

Conventional Marshall and Hveem mix design procedures have been used
successfully for dense graded mixes using McDonald’s asphalt rubber. The
characteristics of the modified binder alter the laboratory measured properties of
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the mix and should be understood when designing these dense mixes. The mixing
and compaction temperatures should be increased to better reflect proposed field
conditions. For a Marshall design, the stability of the mix is lower and the flow,
VMA, and binder content are higher. For a Hveem design, the stability is lower
and VMA and binder content are higher. The higher viscosity of aéphalt rubber,
even at higher mixing temperatures, creates a thicker binder film onthe,aggregate.
Coupled with the elasticity of the binder, specimens subject to thed@ading.of the
Marshall or Hveem stability test absorb some stress in the binder/through elastic
strain better than conventional asphalt binder. Typically, the slope of the Marshall
load (stability}) deformation (flow) curve for an asphalt rubbemspecimen willde
flatter than a comparable conventional specimen. To maintaina desired air void
content along with the thicker binder film will require an inci@ase in the VMA. As
a general rule, the increase in the designed bindef €ontent will be groportional to
the amount of CRM in the binder. For example, if the conventional dense graded
mix requires 5 percent binder, thenfthe madified mix with 20 percent CRM in the
binder will require approximately 6 pergént binder (5.4 1.20).

Conventional gap gradedmixes aré designed to enhance the stability of the mix
through coarse aggregate contact, fillingthe volds with binder and fine aggregate.
The present design concept being developed, for modified gap graded mixes is to
maximize the asphalt rubber, contént of the mix. This design is intended to
combine the stability'0T coarse aggtegate contact with the elastic properties of
asphalt rubber. The mix, as pragposed, could replace the application of a SAM in
urban areas where damage from loose surface aggregate has been a reported
problem. T& date, the desiadn ¢t this mix requires field trial and error to establish
the binder contént and amount of fine aggregate. Flushing is the principal
parameter.in the desian. Typical asphalt rubber binder contents for gap graded
mixes developéd,in Phoenix range from 8 to 9 percent.

The'design of open graded mixes with asphalt rubber binder requires two revisions
to the procedure.[24] A standard Open Graded Friction Course (OGFC) design is
divided into five parts: asphalt content, void capacity, fine aggregate content,
mixing temperature, and retained strength. To determine the binder content of
OGFC with asphalt rubber will require a revision of the formula to account for the
thicker binder film associated with asphalt rubber, in essence, compute a higher
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binder content. One approach would be to compute the conventional asphalt
content and increase the value proportional to the CRM content, similar to the
general rule for dense graded mixes. The void capacity, fine aggregate content,
and retained strength (stripping) procedures remain unchanged. The procedure for
establishing the optimum mixing temperature will require a change in the target
binder viscosity to better reflect the high viscosity of asphalt rubber. This'¢hange
in the target viscosity is simply the starting point for determining the optimum
mixing temperature. The desired drain-down characteristics do not change. A
moderate amount of binder contact with the surface is necessary to adhére the
OGFC to the pavement {prevent delamination).

Using the McDonald technology with any of the three HMA &pplicdtions{will have a
number of common considerations which must reflect the projett conditions. The
selection of the asphalt cement must consider its compatibility witheCEM and the
desired operating temperature characterigtics. The design €ngineer can select the
normal grade of asphalt used for the particulas project |6eation and add an extender
oil to provide the needed aromatic oils required for asphalt/CEBM reaction. The
amount of extender oil will depend on th@wdesired témperature/viscosity
relationship. The other option'is to sélect a softer grade (viscosity) of asphalt.
Reacting the lower viscosity asphalt with CRM will increase the binder’s viscosity
properties to reflect the normally. chogen grade. As discussed in Section IlI{B), the
amount of CRM in asphaltgubber binderfor, HMA applications generally ranges
from 15 to 25 percent by weight of d@sphalt cement.[16]

Since the McDondldl technologyfeclises on a reacted asphalt/CRM binder, the
CRM should be groundh, The gradation of the CRM should consider the available
void §pace inythe aggregate gradation. If the proposed aggregate has a small
nominal size (9.5-millimeter (3/8-inch) sieve or smaller), the specified CRM
gradation may also need to be smaller than usual {all passing 425-micron {No.40}
sieve versus all passing 2.00-millimeter (No. 10) sieve). Although the CRM is fully
reacted, each spongy swollen rubber crumb occupies volume. This volume should
fit into available VMA and minimize the potential to interfere with aggregate to
aggregate contact. Aggregate gradations which closely follow the maximum
density line (0.45 power line) will need to be adjusted below the line to improve
VMA.
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The binder reaction time should take into consideration the entire paving operation,
not just the blending and reaction period. After the formal reaction phase, the
binder remains at elevated temperatures until it is placed. This period of time
includes binder transport and holding, mixing, mixture surge bin retention, hauling
and placement. The viscosity/time curve for the proposed asphalt ghibber binder
can be compared to the projected total reaction time to ensure that théproperties
of the binder are not adversely affected. Normally, this will not be agaroblem
unless there are delays in the HMA operation.

During the mix design procedure, com‘pacted specimens shaould be allowed to ¢ool
in their mold. This reduces the problem of specimen swéll related o the reaction
which continues while the ‘specimen remains at an elevated teinperdture. Some
studies also recommend placing a confining pressufe on'thé ends of the specimen.
The effect on the properties of the specimen from thig additionaliconfining effort
have been inconclusive.

The construction of HMA with asphalt ruber binder Is'¥ery similar to constructing
conventional mixes. There are onlygifive signifitant changes in the construction
process. First, blending of the modified binder i§ & separate operation which can
be accomplished at the HMAfacllity or off Site. Second, the target temperatures
for mixing, laydown, and_cempacCtian are typically higher. The mix design and
temperature viscosity£urve will provide information on the required temperatures.
The mixing temperattre is generélly 150 to 165 °C (300 to 325 °F), except for
OGFC where miking temperature/ s determined as a part of design. The laydown
temperature €hould be highesthan 120 °C (250 °F) and the mat compacted as
soon as possible. \Compacting the material "hot" is essential since the viscosity of
the binder increases rapidly as the mix cools. Third, release agents for the
equipment, particularly the truck beds and steel wheel roller drums, must never be
a petroledm-based product. Detergent-based solutions are recommended. Asphalt
rubber binder becomes tacky when mixed with petroleum products and would build
up on'the equipment surfaces. Fourth, pneumatic tire rollers are generally not
permitteéd \because the asphalt rubber binder tends to build up on rubber materials.
The fifth change is similar to the fourth. When traffic is permitted on a new HMA
surface with asphalt rubber binder, the tacky binder may pick-up on vehicle tires.
To reduce the amount of pick-up, blotter sand can be spread at a rate of 1 to

1.5 kilograms per square meter (2 to 3 pounds per square yard) after the roller
compaction is completed. Blotter sand should not be applied to OGFC.
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The field inspection of HMA with asphalt rubber is similar to conventional mixes.

A guide specification can be found in Appendix E. Revisions to the mix design
should be reviewed by the inspectors. Particular attention should be given to the
revisions in mixing, placement, and ’compaction temperatures. The high viscosity
asphalt rubber binder produces thicker binder film on the aggregate and ghay have
the appearance of excess asphalt. Adjustment to the binder content should not be
based on visual observation. The use of standard extraction test procedures i not
practical with these modified mixes. The reacted (and unreacted}) CRMis not
completely soluble in the extraction solvents. The extraction procedure must be
modified and additional steps taken to separate the CRM from thesaggregate.[25]
As an alternative, nuclear asphalt content gauges can be used (0 measure the
modified binder content of a mix applying normal calibration procedures for each
mixture. \

There is no test procedure to determine the, ratio@f asphalt cement to CRM once
the asphalt cement and CRM are blended andgreacted. The only means of
monitoring the modified binder is through the figld measurement of its viscosity
using a rotational shear viscomgter. Th@Wiscosity/time curve established in the
laboratory can be used to verify that/the production blénded binder is comparable
to the known laboratory binder. Any significant deviation from the laboratory
curve should be considered suspect andiinvestigated further.

There are potential benefits to using an\asphalt rubber binder in HMA applications.
The blending and redction of asphalt gément and CRM enhances the engineering
characteristics of the binder. “Thé&temperature susceptibility of the binder is
reduced; therefore, the fatigue characteristics of the HMA can be more uniform
over the pavement’s operating temperatures. This reduced temperature
susceptibility may inerease the rutting resistance in the higher temperature range
and resist thefimal cracking in the lower temperature range. Oxidation and aging of
the binder may be reduced by the thicker film on the aggregate and carbon black in
the CRM. The thicker binder film may also reduce the potential for stripping. The
enhanced elasticity can increase the resistance to reflective cracking, however, as
with a SAM, any cracks which induce significant strain into the HMA wiill not
benefit from asphalt rubber as a crack inhibitor.
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The degree of improvement depends on many factors. For example, if rutting is a
problem, the stability of the HMA through aggregate contact is the principal factor.
Any enhancement of the binder will not correct the situation unless the optimum
aggregate gradation is selected. The degree of improvement is also reflected in the
importance of the binder for a given mix. The properties of the bidder in an OGFC
are more critical than in a dense graded HMA. The anticipated operating
temperatures for the pavement are also a key factor. Moderate clim@fes will not
benefit as much as severe climates.

The design and construction of HMA mixtures is a conventional paving progédure,
but the use of an asphalt rubber (McDonald) binder is ptoprietary.[7] Like SAM’s,
there are a number of companies licensed to manufacture arfdl sellfasphalt rubber
binder.

There are no State highway agenciésywhictioutinely use HMA with asphalt rubber
binder for any particular application. The majority of documented field test
sections with appropriate evaluation programs were placed during and after the
mid 1980’s. California’s Departmi@ntef Transportation has performed the most
extensive amount of field pérfarmance résearch and has not yet resolved all the
issues. Their work has shown that these medified mixes can perform better than
conventional mixes in cestain sitUations, but has not resolved structural
thickness/performangé correlations'which are key to establishing the mix cost-
effectiveness.[23] The cost of'@8phait rubber HMA mixtures (in-place) has ranged
from 50 to 100 percenthigher than the conventional mix. All of these projects
have been rélatively small experimental applications. The increase in cost is
associated with the cost of the asphalt rubber binder (which includes a royalty fee)
andincreased bindercontent. The projected future cost of HMA’s with asphalt
rubber could réduce to between 20 and 30 percent above conventional HMA if the
mix Is routinely applied.

2) HMA - PlusRide technology

PlusRide is a modified gap-graded mix and the mix design does not follow normal
Marshall or Hveem procedures. Conventional specimen preparation equipment and

38




procedures are performed with some modifications, but the specimens are not
tested for stability. The only measured specimen property used to establish the
mix design asphalt content is percent air voids. The aggregate gradation and CRM
content and gradation are specified by the patent description.

The target air void content is 2 to 4 percent. The aggregate gradation follows a
narrow, gap graded band with a relatively high content of material passingmhe
75-micron (No. 200) sieve. Three aggregate gradings are available whigh reflect
different maximum aggregate sizes. The CRM is predominantly a granulated crump
passing the 6.3-millimeter (1/4-inch) sieve with the fraction passing,the 2.00-
millimeter (No. 10) sieve supplemented with buffings or groufid CRM. Like the
aggregate, the gradation of the CRM follows a specific band. As gpecifigd in the
~design, the CRM content is 3 percent by weight of the@atal mix.” Some earlier
projects, however, have successfully used CRM contents from 2.5 wpércent to 4.0
percent. The asphalt cement chosen forgdhe mixgshould be the same grade chosen
for conventional HMA in the project area. The asphaltl bindér content will generally
range from 7.5 to 9 percent.

After the materials are selected a@nd proportioned, the CRM is dry mixed with the
heated aggregate. Then the asphalt cement is‘@dded and mixed. The combined
sample is then "cured” in a 160,°C {820 °F) oven for one hour before compaction.
After compaction, the sample is allowed to,cool in the specimen mold ring with
confining pressure on the ends of thel Specimen. Once extruded, the specimens
are measured for air/voids'and the appropriate asphalt content selected.

The PlusRide HMA is designed to modify the stability of a gap graded aggregate
matrix withithe elastic properties of CRM and a certain amount of binder
modification (reaction). The coarse granulated CRM acts as rubber aggregate while
the finelCRMdpassing 2.00-millimeter (No. 10) sieve) partially reacts with the
asphait cement to modify the binder properties. The high asphalt content improves
the workability of the mix and, as a modified binder, improves the resilience of the
mix. Although a certain amount of binder modification is desired, compatibility
between the asphalt cement and CRM is not usually a major consideration.
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There are only a few modifications to the construction practices for PlusRide HMA.
The CRM is added directly to the HMA facility. This will require a separate CRM
feed system tied into the aggregate feed system. On a batch plant, this is
presently accomplished by manually feeding the pug mill with a predetermined
number of CRM sacks. The batch weight should correspond to thefaddition of
whole sacks of CRM. On drum plants, the CRM feed system introdu¢és the CRM
at the RAP hopper and must be tied to the cold-feed aggregate weighigystem. A
sensitive weigh system is necessary to monitor the small amount/{3 percent by
weight of mix} of CRM being introduced into the drum. Except for an extended dry
mix cycle during batch plant production, the only other modifieation to,mix
production is mix temperature. The temperature of Plugfide HMA mixture should
be at 150 to 175 °C (300 to 350 °F) after mixing.

Compaction concerns are similar to asphalt rubber HMA. Théwmaterial should be
compacted hot to achieve density béfore théhinder stiffens as the mat cools. The
use of rubber surfaced equipment, partigularly pneumatic rollers, should be
avoided. Only detergent based release agents should b& used on the haul trucks
and rollers. In addition to these madifications, sithe finish roller must continue to
compact the PlusRide mat until/it cools below 60 °C (140 °F). Because the CRM
is only partially "reacted," the material in the.compacted lift continues to react at
elevated temperatures. _The reaction causes the rubber crumb to swell and expand
the mixture. The additional rolling ¥eétains the mat density until the increasing
binder viscosity can gaunteract the reaction’s decreasing potential to expand.

Attention to@etail is very important for PlusRide HMA. The mix:is sensitive to
variations in the material quality (gradation) and content. Poor production,
placement, or compaetion control will lead to premature failure of the pavement.
Inspectors should be knowledgeable of the required construction practices. A
guide spécification can be found in Appendix E. Extraction methods will not
provide accurate means of monitoring CRM content nor binder content. Similarly,
asphalt content gauges will measure all the CRM in the sample as a part of the
binder ¢ontent. Therefore, proper calibration of the equipment which measures the
materials fed into the HMA facility is critical.
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There are potential benefits associated with the use of PlusRide HMA. The gap
grading of the aggregate produces a relatively coarse textured mix with the
potential for less rutting and improved skid resistance. As a surface mix, the gap
grading provides an aggregate matrix with high stability to resist rutting and a
macro-texture to improve tire/pavement contact. During the production_dnd
laydown of this HMA, the smaller particles of CRM and the asphalt cement will
react, resulting in some modification of the binder. With properties similargto
asphalt rubber, the enhanced binder provides elastic and adhesive characteristics 1o
the HMA. This may increase the mix’s ability to resist reflective cracking if the
amount of strain is not too large.

The larger particles of crumb rubber in the mix which act as @n rubber aggregate
may also modify the mix’s performance. The exposed tubber €rirmb on the surface
may play a secondary role to improve skid resistance. Under certaipsglimate
conditions, the larger.crumb exposed on the surfage of the pavement may deflect
under tire loading sufficiently to inhibit the formation oflice ‘On the pavement. This
has been observed in a few projects, but must be kept in perspective. The de-icing
characteristic of PlusRide is not expectedste, perfarm, for all types of winter
conditions, such as heavy snowfall of iCe storms. Within the body of the HMA,
the rubber aggregate may delay refléctive cracking by acting as a stress absorbing
particle which intercepts the propagating crack.

The design and construction of gap-gfaded HMA mixtures is a conventional paving
procedure, but the spécific use of the PlusRide HMA design and construction
process is proprietéry.[9] Similamtotthe McDonald asphalt rubber patents, the
PlusRide patents holdén, EnvirOtire Inc., has standing license agreements with
other engineering companies to design and sell PlusRide. Each project that
incorparates this proprietary rubber modified HMA must arrange a licensing
agreement with EnvirOtire Inc.

Experimental.applications of PlusRide began in 1979. Since then, a number of
States have'@uvaluated this material, but have not expanded their experimental
program. Alaska has the only State highway agency with a substantial
background in developing PlusRide in the United States. The cost of PlusRide
HMA (in-place) has ranged from 50 to 100 percent higher than conventional HMA.
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There are a number of factors which enter into this additional cost. The special
gap-graded aggregate normally requires the contractor to develop new aggregate
blends. The granulated, blended CRM is generally 10 to 20 percent higher in cost
than ground CRM with broader gradation requirements. The asphalt binder content
is higher and, as a proprietary material, there is a royalty fee. Theghigher
construction cost also reflects the fact that most projects are relatively small and
experimental. The projected future cost of this rubber modified hotamix asphalt
could reduce to between 20 and 40 percent above conventional HMA if these
mixes are routinely applied.

D. Composite Designs (SAMI)

Composite designs with CRM paving materials offer similar thearetical benefits as
the use of paving fabrics. The pringipal theery of the design is to place a
membrane beneath the overlay which can resist the, stréss/strain of reflective
cracks and delay the propagation of the ¢rack through'the new overlay. The
membrane applied with CRM is agphalt rubbenbinder. Similar to a SAM, the
asphalt rubber membraneisicalied a SAMI, Stress Absorbing Membrane Interlayer.
The application of a SAMI is'dépendent on the underlying existing pavement. For
the SAMI to be effectivesthe amolint of strain in the existing joints and cracks
must be small. Jointéd PCC pavements and thermal cracked AC pavements with
crack spacings greater than 4.5 meter (15 feet) are not expected to be appropriate
candidates for£ompaosite designs in most cases. Moisture related pavement
distress (particularly stripping) in the underlying pavement should be repaired and
prevented before applying a composite design, or the SAMI may accelerate the
moisture,damage.

There aré two comiposite design systems: a two-layer SAMI and a three-layer
SANIL. A two-layer SAMI places the SAMI directly on the existing pavement and
overlays the SAMI with 25 to 75 millimeters (1 to 3 inches) of HMA. This system
is applicable when the existing pavement surface is relatively uniform and smooth.
The existing cracks and joints should not be deteriorated so the SAMI forms an
uniform continuous membrane.
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A three-layer SAMI begins with the placement of a leveling course of HMA. This
initial overlay provides an acceptable uniform surface for placing the SAMI. The
SAMI is followed by an additional 25 to 75 millimeters {1 to 3 inches) of HMA
overlay. This system applies when there is deterioration of the existing pavement
cracks and joints. If a two-layer SAMI were used, the deteriorated cracks would
create a discontinuity in the membrane at the location where the membranéywill be
subjected to the highest levels of stress. Consequently, the performance.af the
SAMI would be diminished. By placing the initial overlay, the SAMI will be applied
across the crack as a uniform membrane and optimize its effectiveness 1o resist
{delay) the propagation of the reflective crack. The leveling course shoulthbe kept
to a minimum allowable thickness. It is believed that the SAMI perforis best
when it is kept close to the existing pavement. An additional advafitagefio placing
the SAMI as deep as possible is the ability to rehabilitagé the Sufface of the
pavement while maintaining the integrity of the SAMI.

The design of the SAMI may be slightly ditferent franha, SAM depending on the
construction phasing. In many cases, the construction phasing will require the
SAMI to perform as a temporary drivingssurface until the surface paving operation
begins. In this case, the SAMI should be designed asia SAM. When the
construction phasing permits the"SAMI| to be oveérlaid prior to opening the section
to traffic, the design of the SAMI may be alteredto further enhance the stress-
absorbing characteristic ofdhe membraney, This is accomplished by a slight
increase in the spray application anddecrease in the aggregate spread rate. The
higher binder to aggrégate ratio allows for a thicker asphalt rubber membrane with
more resilience todabsorb the reflective crack stress. Applying the asphalt rubber
binder at spray rate§ above the design may cause flushing and should be avoided.

Constructionandiinspectian’of a SAMI is the same as a SAM. The only additional
considerationds (o assure that any diluent added to the asphalt rubber binder prior
to the spray application has adequately evaporated from the membrane before the
HMA overlay is placed. It is critical that these petroleum volatiles are dissipated.
If the HMAOuerlay is placed too soon, the diluent will migrate upward through the
overlay and cause flushing and/or raveling. The amount of time requiréd to cure
the SAMI is dependent on the type of diluent used and the climate.
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The delay of reflective cracking is the principal benefit of a composite design. This
potential performance benefit is similar to the benefit of paving fabrics. The cost
of a SAMI has been generally found to be slightly higher than the cost of a paving
fabric.

‘N
\
™

44




VI. NEW CONCEPTS

Throughout the 1960’s and 1970’s, crumb rubber modifier (CRM) technology
focused solely on the development of the McDonald wet process. In the late
1970’s, the dry process was introduced when PlusRide became availabi&iin the
United States. Most of the 1280’s has concentrated on the development'@hHMA
applications for McDonald’s asphalt rubber and PiusRide’s rubber modifie@l mixes.
The primary effort in HMA's has been the development of acceptable ghigineering
applications, but the high cost of these patented materials limited the rgsearch
effort by most State highway agencies.

The 1980's also witnessed an increase in environmental concerndor the effects
from the growing scrap tire stockpiles across the counfry. Anumber of major
scrap tire stockpile fires brought this concern to the atteqation ofthe public and
legislators. Beyond the need to regulate(the groWing scrap tire volume, there is
also the desire to find alternative uses for thi§material. »An éxamination of known
available alternative use markets identified CRM as having the potential to absorb a
significant number of scrap tires.

The combination of an existing ex¢lusive, proprietary CRM paving market and
growing nationwide interest_inpaiternative uses for scrap tires provided CRM
technologists the catalyst/tc develop new eoncepts for applying CRM. Initial
laboratory work in this arga did not bggin until the mid to late 1980’s. The first
experimental field applications were placed in 1989.

Two genditions shoUldhbe noted regarding these new concepts. First, the design
and construgtion practices,are still being developed, and there is no field
performance recordte, demonstrate that they can provide an acceptable level of
service Overd normal performance period. The second condition is that
McDonald’s asphalt rubber and PlusRide are patented products.[7,9] The FHWA
has not reviewed the extent of the patents nor examined the association of the
new concepts to the patented products. State and local highway agencies should
be aware of the known patented products and make their own determination of
any conflict between a proposed new concept and its comparable patented
product.
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A. Generic Dry Technology (Takallou)

A major interest has been to develop generic dry process mixes. The concept was
originated by Dr. Barry Takallou as a result of his research and practical experience
with PlusRide.[26] The principal focus of this concept in CRM techfiblogy is to
incorporate CRM into conventional dense and gap graded HMA mixes using the dry
process. Unlike PlusRide, which specifies a particular gap gradationd@r the
aggregate, the proposed technology considers the available "genefic" aggreagate
gradations for the locality; hence the name, generic dry technology.

Much of the theory and understanding needed to design‘and canstruct PiusRide
mixes also applies to generic dry mixes. Although the theoryis similar, the
variability of application is much greater. There aré a number of factors which
must be considered in the design, particularly how the CRMs t0 modify the mix.
The PlusRide concept modified the MMA prifharily through aggregate substitution.
It is possible with generic dry process mixes to achieve a greater degree of binder
modification. By specifying a smaller particle-size ground crumb rubber, the dry
process combined with the HMA gf88uction §é8guence may be sufficient to permit
the CRM and asphalt binder to achieve @ substantial degree of reaction prior to
placement and compaction ot the mix.

Since the intent of geferic dry process, technology is to use conventional aggregate
gradations, the design process must determine the appropriate CRM gradation for
the proposed miix propetties. The designer must take into consideration the
capabilities of the CRM manufacturer. Present grading flexibility in most CRM
plants is very limited. If unusual CRM grading requirements are specified, the cost
of\the CBRM will incréase or the gradation may not be attainable.

The gengric concept has been successfully constructed in experimental field
applications in New York and Florida.[27,28] The New York projects included
three 'géneric dry process designs. The designs varied the amount of CRM added
to the miix from 1 to 3 percent by weight of total mix. The aggregate gradation
was a standard 12.5-millimeter (1/2-inch) nominal maximum (25-millimeter, 1-inch)
maximum) dense graded surface mix. The CRM gradation had a 2.00-millimeter
(No. 10) sieve nominal maximum size. The asphalt cement content increased to
7.2 percent for the 3 percent CRM mix compared to the 6.0 percent for the
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conventional design. All the mixes used the same grade of asphalt cement. In
Florida, a June 1989 experimental project using CRM included one section of
generic dry process. The aggregate was a standard 9.5-millimeter (3/8-inch)
nominal maximum open graded friction course. Alohg with four sections of
asphalt-rubber, the section of generic dry process contained 180-microp®tNo. 80)
sieve CRM at 10 percent by weight of binder. The binder content of the ¢ontrol
mix was 6.3 percent compared to the design binder content of the generignCRM
mix at 7.0 percent, both using the same grade of asphalt cement.

Additional experimental sections were constructed in a number_af,States ih, 19914
lowa, Kansas, Oregon, and lllinois have constructed projects(to evaluate the
generic dry technology.

B. Chunk Rubber Asphalt Concrete (CRREL)

As a part of the Stategic Highway Research Ptogram, the Cald Regions Research
and Engineering Laboratory (CRREL) ofgffigzU.S. Army Corps of Engineers was
contracted to evaluate the ice-disbofding characteristies of several asphalt paving
materials. One of those materials was PlusRide. yln addition to this research effort,
the CRREL began modifying the.designito determine if the use of CRM could
further modify the propertieés of the pavingymaterial. Their work focused on
increasing both the maximum size of{the crumb and the percent of CRM in the
HMA.[29]

The CRREL concepttevuised the aggregate gradation from the gap graded PlusRide
desigh to @ fense graded aggregate, while maintaining the same nominal maximum
aggregate size.. Th&yCRM gradation was revised to a narrow grading band (12.5-
millimeterito4.75-millimeter sieve, 1/2-inch to No. 4 sieve) with a larger maximum
crumb size. This revision of the gradations applies to mixes with CRM contents
similar to PlusRide, namely 3 percent CRM by weight of mix. As the CRREL
research increased the percent of CRM, adjustments were made in the aggregate
gradation to provide space in the aggregate matrix for the substitute "rubber
aggregate.” This research examined chunk rubber asphalt concrete mixes with 3,
6, 12, 25, 57 and 100 percent crumb rubber by weight of aggregate. As
expected, the optimum asphalt cement content (based primarily on air voids)
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increased as the percent CRM increased. Actual Marshall mix designs produced
asphalt cement contents ranging from 6.5 percent for 3 percent CRM to 9.5
percent for 12 percent CRM.

This research initiative has been confined to laboratory testing. Thére are no
scheduled experimental field applications established for this concept.. The CRREL
is presently seeking sources of research funding to continue the dew@l@pment of
these unique mixes. Until the material is subjected to actual field /€onditions, it is
impossible to estimate its performance or practical application.

C. Continuous Blending Asphalt Rubber (Rouse)

One concern regarding the McDonald wet process i§ the requifed batching and
reaction time associated with blendifig CRM%and asphait cement to produce asphalt
rubber. As previously discussed, the time requiredite “react" these materials is -
dependent on a number of factors, includihg the size ofithe CRM. Rouse Rubber
Industries applied the wet processiféehnology, shlended their 180-micron {No. 80)
sieve CRM with an asphalt éement and developédha continuous blending
procedure. The prototype blending equipment is still being evaluated.

The first experimental field application, of the concept was achieved with the
cooperation of the Florida DOT 1111990. Results on the performance of-this
continuous blefded agphalt rubber will not be known for several years. Particular
attention will bé given to thestinitormity of the binder properties as they relate to
the uniformity @f the blending operation.

In addition to the unifarmity of the binder, the actual engineering characteristics of
the bindér may behiave different from the commonly known McDonald asphalt
rubber. The very fine gradation of 180-micron (No. 80) sieve CRM substantially
increases the dispersion of the CRM throughout the asphalt cement. It has not
been determined if this additional dispersion will improve or reduce the
performance of the modified binder. It is possible that the optimum CRM content
will not be the same as for other asphalt rubber binders with coarser CRM.
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VIi. FURTHER RESEARCH

There are two principal issues related to the use of crumb rubber modifier (CRM) in
asphalt paving materials which need to be evaluated. On the national level, the
ability to recycle asphalt paving mixes containing CRM has not been demionstrated.
At the State and local level, these modified HMA mixtures must be field evalhated
to establish expected levels of performance. There are other areas, as wéll, whigh
are unclear or need further development, but are not as critical for acceptance of
this technology by the highway community. The remainder of this section divides
the further research areas into three categories: national, State an@industriyissues.

National Issues

National issues are areas of concern which san h€resolved and/or addressed on a
national basis and can be applied on a nationahbasis. “ASnoted, the ability to
recycle asphalt pavements containing CRM is a principal research issue. This
aspect of the technology is critical to it§ long-term @pplication. If we are unable to
recycle these modified paving materials, their benefit 1§ substantially reduced and a
new waste problem is created.

Two questions need to be Addressed in the recycling area. First, can materials
containing CRM be successiully processed as recycled asphalt pavement (RAP);
and second, how dogs the reéeycled paving material containing CRM perform? The
first question addresses the physical operations involved with recycling. This
questiam,could be further broken into several parts based on the general variations
in present recyeling methods. For simplicity, there are three general methods
which should be: éxamined, hot recycling with mechanical blending {pugmill
operation), hat recycling with internal biending (drum plant operat'ion), and surface
recycling. \Each of these operations have unique features which may affect the
ability to process RAP containing CRM.

The second question, the performance of recycled CRM mixes, is more difficult to

define. The number of variables involved in the performance of RAP mixes is
greater than conventional mixes. Above this complexity, however, the critical
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factor is the initial performance period. The first 2 to 4 years of the pavement’s
performance can determine if the recycled material’s design procedure and
construction practices are acceptable.

Recycling asphalt pavements containing CRM is a national issue befause it has not
been performed or documented in this country. The reason for this {ack of data
has been the lack of recycling projects that have been identified asg@ntaining CRM
modified asphalt paving material. The initiative to identify these projects has
improved since 1990 and resolution of this area of research could be accomplished
within 3 to b years. Once the national emphasis in this question is'satisfied{ the
issue can be addressed at the State and local levels to bé refingd for the specific
conditions encountered.

Another area of national concern is the development of standards, particularly for
material testing and the environmenit)) It isdfmportant fer the highway community
to develop and adopt standard material #desting metheds so that data collected from
various sources across the country can be 8hared on arelatively equal basis. The
introduction of CRM into the asph@lt paving material presents numerous questions.
Do we have a standard for measuring théyviscosity of binders modified with CRM?
How does CRM affect the presént binder antl mixture tests? When necessary, can
we measure the CRM canmtent of the binder or mix? Some of these questions have
been discussed in thi§ document and recommendations made, but final resolution
will require additional analysis and concurrence of the material testing community.
As the Strategic Highway Research Program products are implemented, CRM
technology will have to evolve as well.

The are@ef establishing environmental standards for emissions and fumes is not
the responsibilitpaf the highway agencies. Our role is secondary. As highway
agencieé we are responsible for enforcing those standards developed by the
environmental agencies, who coordinate with the industry as the standards are
develgped. The concern over the types and quantities of emissions and fumes
related to incorporating CRM into asphalt paving has been raised. These same
concerns are still unresolved for the use of conventional asphalt cement. Until
standards are developed for production with conventional asphalt cement, the
research effort for CRM should focus on developing a data base of emissions and
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fumes tests with direct correlation to identical production with conventional
asphalt cement. An emissions testing program developed by the National Asphalt
Paving Association in consultation with EPA is being used to collect data on
production of paving mixtures with conventional asphalt cement. This program,
found in Appendix F, should be used when projects using CRM are monitbred for
production emissions. The testing program for measuring worker exposure te
asphalt fumes is still being developed. The Asphalt Rubber Producers Group has
conducted one study on worker exposure to paving fumes which concliided that
there were no significant differences between asphalt rubber and conveéntional
asphalt exposure.[30]

State Issues

State issues are areas of CRM technology®which@an only B& resolved through
proper evaluation at the State and local levelsy The prifeipal research issue at this
level is the field evaluation of these CRM modified materials 1o establish their
expected performance. Before a State_amilocal highway agency uses any paving
application of CRM as a routine €enstruction product, it should be able to
determine the expected performance.

The performance of CRM hés been documented in some applications. In other
applications, particularly as a HMA mixture, the use of CRM is still being evaluated.
As applications vary£s0 do the performance criteria and the cost-effectiveness.
Therefore, the perfarmance dataamust be application-specific. Actual field
performance data onn HMA applications of CRM is needed to establish the cost-
effectiveness,of the material for those applications.

While the expefience of other highway agencies and laboratory data are excellent
sources of Ssupplemental performance related data, they are not an acceptable
alternative to\local field performance. Studies have concluded that laboratory tests
using CRM maodified mixes do not correlate with measured field
performance.[25,31] Therefore, laboratory results used to predict field
performance may not be accurate and may not accurately reflect the cost-
effectiveness of the material.
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Although the production of modified asphalt paving material using the wet process
and the dry process has been successfully demonstrated, the details of material
compatibility, mix design and construction are State and local variables which
affect the performance. Existing experimental projects, still being evaluated,
indicate that HMA applications which contain CRM are performing(egual to, or
better than, the conventional asphalt control sections when the expetimhental CRM
sections are properly designed and constructed.

Each State highway agency interested in using CRM should develgp an
experimental work plan to determine which applications ofdCRM technelogydare
appropriate for the variables encountered in that State/ As the State highway
agency develops the work plan for a given application} the Work plan should define
what criteria will be examined to measure the peffarmance of the pavement
section. The criteria should focus on the key characteristics of the specific
application, while ensuring that theldveralldpavement performance is not
diminished. The work plan must requirésufficieatidocumentation of the entire
project development to record the adequacy of the design procedures and
construction practices. The ultim@tengoal of the experimental work plan is to
establish the expected performance of @ properly designed and constructed paving
application. A guide workplan is provided in, Appendix G.

The results of each Highway agency's experience with CRM should be documented
and shared with the Righway c@mmunity. Numerous approaches can be used to
ensure that thére'is anappropriate distribution of the data measuring performance.
Individual pfoject reports [698,14,20,21,27,28], pooled-fund studies [19], and
symposia [10,12)16] are several examples.

Industry issués
Industry issues are areas of CRM technology which can be addressed to improve
the material, process, and technology. The material, process, and technology are

continually evolving. An improvement in one area becomes a catalyst for
improvements in other areas.
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Developments in CRM technology continue to refine the variables which define the
material called crumb rubber. The process used to produce the crumb, the
gradation of the crumb, and the composition of the crumb are all specifying
parameters. As the technology expands, these specifying parameters will require
the crumb rubber producers to add flexibility and quality control to their
production. This may be particularly true for the gradation control. As an‘@sphalt
paving material, the gradation of the material may be critical to the perfoum@nceof
the pavement. Special gradations of the crumb may be specified and could require
blending of various crumb sizes by the producer.

To date, the wet and dry processes have required significant Amounts of manual
labor to feed the CRM into the system. Typically, 22- to 27:kilogrdm (5@- to 60-
pound) sacks of CRM are delivered to the project sites dnd then‘manually emptied
into the feed hopper. Larger production rates will require larger material handling
systems equipped with mechanical feed s¥stemsépMethods and equipment to
handle larger containers of crumb rubber couldimprove the Ouerall efficiency of the
wet and dry processes.

In addition to the crumb rubberhandling systém, the blending and metering
systems for adding CRM (dry process) and asphals rubber (wet process) into a
HMA facility will need to be interlocked wvith the other material feed systems to
eliminate manual adjustmept of feed rates during HMA production.

Finally, the technolody should continug to develop. Efforts like those of CRM and
paving technologigts developing the'generic dry process and continuous blending
asphalt rubber should ¢antinue. The production of CRM modified binder should
examine methods to decréase the time and energy required to "react” the asphalt
cement and CRM aswwell as quantify storage time (shelf life). Compatibility and
optimum CRMdontent@re also areas of additional research. The dry process,
particularly the role of CRM in the aggregate matrix, is just beginning to emerge.
Laboratory'testing is an important beginning to these areas of research, but
ultimate development of CRM technology will require field performance evaluation.
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TABLE 1 -- List of crumb rubber modifier producers

Company

Midwest Elastomers, Inc.
Atlos Rubber Inc.

Tire Eliminators, Inc.
Centrex Corp

WRC, Inc.

Rubber Granulators, Inc.
Osage Tire Recycling, Inc.
Diversified Waste Mgmt.
BAS

Baker Rubber, Inc.
Granular Products & Services
Rouse Rubber Industries
ReDeMan, Inc.

Resource South Corp
A.l.M. International, Inc.
Envirotire, Inc.

Gibson Recycling

Rubber Recycling Reclafmation £orp.

Spartan Enterprises
Rubber Granulators, Inc.
ReGenesis, Inc.

F & B Enterprises, In€.
Community Recycling Co.
Tire Shreddersic.
Trash Depot, Inc.

Tirec Systems, Inc.
dack Coletta, ne:

Safe Tire Disposal
Tiregator, Ins,

Western Jire & Rubber
Winnebago Tire Co.

Plant Location

Wapakoneta, Ohio

Los Angeles, California
Fort Lauderdale, Florida
Findlay, Ohio

Castle Rock, Colorado
Fort Lauderdale, Florida
Kansas City, Kansas

Irvine, California

South Bend, Indiana

Fort Worth, Texas
Vicksburg, Mississippi
Neosho, Missouri

New Bern, Noith Carolina
Macon, Geargia

Seatile, Washirigton
Atlantay Texas

Bay City, Michigan
Baberton, Chio
Snohiomish, Washington
Brownsburg, Indiana
New Bedford, Massachusetts
West Bloomfield, Michigan
Port Huron, Michigan
Moorhead, Minnesota
Bridgewater, New Jersey
Far Rockaway, New York
Choctaw, Oklahoma

Fort Worth, Texas

Salt Lake City, Utah
Kewaskum, Wisconsin

NOTE: This list of CRM suppliers only contains those companies presently
known to FHWA. Other companies, not listed here, may also be capable of
supplying CRM to the highway industry.

Asphalt Rubber Producers Group {communication) and
Tire Business, November 19, 19290, pages 51-53

Sources:
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TABLE 2 -- The effect of crumb rubber modifier on binder properties

Binder Property

Percent Rubber (by wieght of binder)

0 6 9 12 15 18 21

F———————_———_——-——_——?_—-

Viscosity at 176 °C (cp) 60 | 550 | 800 | 900 | 1500 | 2500 i 6000

(350 °F)

Cone Penetration at 25 °C 48 40 43 44 40¢ 30 27

(77 °F)

Resilience at 25 °C -1 -1 12 19 23 40 47

(77 °F)

Softening Point °C 50 52 58 60 61 63 72
(°F) 122 | 126 | 136 % 140 142 146 162

NOTES: Asphalt is AC-20, rubberis a 1.18-millimeter (No. 16) sieve nominal

maximum size.

Interaction (re@ction) period 18§ 90 minutes at 175 °C (350 °F).

SOURCE:

"Design Method§ for Hof-Mixed Asphait Rubber Concrete Paving

Materials, ", James G. Chehovits, Proceedings of the National Seminar
on, Aspahlit Bubber, October 1989.
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APPENDIX A - Summary of Terw@bbrevat'ons




Summary of Terminology and Abbreviatiqns
Asphalt Rubber (AR) -- asphalt cement modified with crumb rubber modifier.

Buffing Waste -- high quality scrap tire rubber which is a by-product from the
conditioning of tire carcasses in preparation for retreading.

Crackermill -- process that tears apart scrap tire rubber by passing the material
between rotating corrugated steel drums, reducing the size of the JUbberto a
crumb particle {generally 4.75-millimeter to 425-micron (No.4 to N©.40) sieve

Crumb Rubber Modifier (CRM) -- a general term for scrap tire_rubber that is reduced
in size and is used as a modifier in asphalt paving materials.

Cryogenic -- process that freezes the scrap tire rubber @nd cfushes|the rubber to
the desired particle size.

Diluent -- a lighter petroleum product (typically kero§ene) added to asphalt rubber
binder just before the binder is spray applieéd toythe pavement surface.

Dry Process -- any method that mixes the érumb rubber modifier with the
aggregate before the mixture is charged with asphalt binder. This process only
applies to hot mix asphalt proddction.

Extender oil -- an aromatic oil used to supplément the asphalt/crumb rubber
modifier reaction.

Granulated CRM -- ¢ubical, unifermly shaped, cut crumb rubber particle with a low
surface area which @are generally produced by a granulator.

Granulator < process that shears apart the scrap tire rubber, cutting the rubber
with revolving steel plates that pass at close tolerance, reducing the size of the
rubber to a crumb particle (generally 9.5-millimeter to 2.00-millimeter (3/8-inch to
No. TQ) Sieve).

GroundCRM --Trregularly shaped torn crumb rubber particles with a large surface
area Which are generally produced by a crackermill.

Micro-mill -- process that further reduces a crumb rubber to a very fine ground
particie, reducing the size of the crumb rubber below a 425-micron {(No. 40) sieve.

Reaction -- The interaction between asphalt cement and crumb rubber modifier
when blended together. The reaction, more appropriately defined as polymer
swell, is not a "chemical reaction.” It is the absorption of aromatic oils from the
asphalt cement into the polymer chains of the crumb rubber.
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Rubber Aggregate -- Crumb rubber modifier added to hot mix asphalt mixture using
the dry process which retains its physical shape and rigidity.

Rubber Modified Hot Mix Asphalt (RUMAC) -- hot mix asphalt mixtures which
incorporate crumb rubber modifier primarily as rubber aggregate.

Shredding -- process that reduces scrap tires to pieces 0.15 meter (6 inches)
square and smaller.

Stress Absorbing Membrane (SAM) -- A surface treatment using an asphalt rubber
spray application and cover aggregate.

Stress Absorbing Membrane Interlayer (SAMI) -- a membrane h&neath ah overlay
designed to resist the stress/strain of reflective cracks and delay thediropagation of
the crack through the new overlay. The membrane is often a spra¥ appligation of
asphalt rubber binder and cover aggregate.

Wet Process -- any method that blends crumb rubber modifier with the asphalt
cement prior to incorporating the binder in‘the asphalnpaving project.
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TE-3
PROJECT NO.

84-4503-MN-08
84-4503-OR-84
84-4503-WA-09
88-503-IN-04
90-503-AK-03
90-503-AR-27
90-503-KS-14
91-TE03-1A-30

91-TEO3-OR-15

Experimental Projects with CRM
in FHWA Test & Evaluation Project No.3

STATE CRM TYPE
Minnesota PlusRide
Oregon PlusRide, McDonald

Washington PlusRide

Indiana McDonald

Alaska PlusRide, McDon@id
Arkansas  McBonald

Kansas McDodgald,

lowa generic, cont, blend
Oregon 7 generic

PAVEMENT CONSTRUCTION

SECTION DATE
bit. overlay 1984
bit. overlay 1985
hit, overiay 1985
HMA base & surf 1990
HMA suff & SAM! 1988
pccp ovly & SAMI 1990
pccp overlay 1990
pccp overlay 1991
bit. overlay 1991
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SUGGESTED GUIDE MATERIAL SPECIFICATION FOR
CRUMB RUBBER MODIFIER

This specification is intended to be a guide for highway agencies. Appropriate modifications
should be made to reflect local conditions and contracting requirements.

1.0 SCOPE
This specification covers scrap tire crumb rubber for use as a modifier in asphalt paving

applications.

2.0 APPLICABLE DOCUMENTS

AASHTO Standards
M 17 Mineral Filler for Bituminous Paving Mixtures
T2 Sampling Aggregates
T 27 Sieve Analysis of Fine and Coarse Aggregats
T 255 Total Moisture Content of Aggregate by Drying

ASTM Standards
D 242 Mineral Filler for Bituminous Paving Mixturgs
C 136 Sieve Analysis
D 297 Methods for Rubber Products - Chemical Analysis (A@tural rubber content)

3.0 GENERAL CHARACTERISTICS
Crumb rubber modifier {CRM) is scrap tife rubberwhieh has been processed by ambient
grinding or granulating methods, reducing the rubber te‘particles which generally pass the
4.75-millimeter {No. 4) sieve. The CRM may be obtained from any combination of
passenger and truck tises whichfmeebithis spegification. It shall be free of injurious amounts
of steel, fabric or other deletéricus substances as specified in Section 4.2,

4.0 PHYSICAL REQUIREMENTS
4.1 Grading -- The gradation of the €RM shall conform to one of the following gradations.

Sieve Size CRM-I CRMRI CRM-1II CRM-IV CRM-V CRM-VI

percent of weight passing

150 gm (No. 100}

6.3 mm (1/4%) 100
4.75 mm (Nae. 4) 75-100 100
2086 mm (No. 8) 35-50 80-100 100
1.18 mm{NG»,16) 20-30 40-70 80-100 100
600 gm (No. 30) 0-20 40-60 70-100 100
300 um (No. 50) 0-20 20-40 40-60 100
50-80

A mineral powder (such as calcium carbonate) meeting AASHTO M 17 may be
added, up to a maximum of 4% by weight, to reduce sticking and caking of the crumb

rubber particles.




4.2

Deleterious Substances -- The fiber content shall be less than 0.1% by weight for spray
applications and less than 0.5% by weight for all other applications. The CRM shall contain
no metal particles. The moisture content shall be less than 0.75% by weight, Mineral
contaminants {prior to the addition of mineral powder) shall not be greater than 0.25% by
weight.

5.0 SUPPLEMENTARY REQUIREMENTS

5.1

5.2
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Specific Gravity -- The specific gravity of the CRM shall be 1.15 = 0.05.

Chemical Analysis -- The CRM shall meet the following limits:

natural rubber 15% - 30%
carbon black 25% - 38%
ash 8% maximum
acetone extract 10% - 18%
rubber hydrocarbon 40% - 50%

Packaging -- The method of packaging shall take into consideration the pfoposedl CRM
production method and the degree to which the gradation of the CRMdfiects the final
paving product. Segregation may occur during shipment, therefore the size of/the
packaging unit (bag or bulk) shall be approved by the Engineéer.

When the proposed production method specifies allding, whole units of CRM into a batch
facility mixing chamber (pug mill}, the containers shall"be alow ‘density polyethylene
material having a melting point of less than 118 2C (240 °F).

6.0 METHODS OF SAMPLING AND TESTING

The gradation shall be tested imaccofdance with ASTM C.136 using a 50 gram sample.

Fiber content shall be determined By weighing fiber balls which are formed during the
gradation test procedure. Rubber particles shall be femoved from the fiber balls before
weighing.

The metal content shall be determined by theroughly passing a magnet through a 50 gram
sample.

The moisture€ontent shall'be detefimined in accordance with AASHTO T-255, using a
controlled temperature oven at 60 °C (140 °F) and 50 gram sample.

‘Lhe mineral contaminant content shall be determined by saline float separation. Stir a

50 gram sample into a1 liter glass beaker filled with saline solution (1 part table salt into 3
parts distilled waterhand allow the sample to stand for 30 minutes. The mineral
contamin@nt is that material which does not float to the top of the beaker.




SUGGESTED GUIDE MATERIAL SPECIFICATION FOR
ASPHALT RUBBER BINDER

This specification is intended to be a guide for highway agencies. Appropriate
modifications should be made to reflect local conditions and contracting requirements.

Asphalt rubber may be covered by patents 4,609,182, 4,085,078; 4,068)023; 3,891,585,
4,166,049, Any use of this technology should include a determination of the validity of the
patent rights and risk of infringement.

1.0 SCOPE
This specification covers asphalt rubber binder graded by climate zone$ for use in asphait
paving construction. .

2.0 APPLICABLE DOCUMENTS
Crumb Rubber Modifier Material Specification

AASHTO Standards

M 226 Viscosity Graded Asphalt Cement

M 20 Penetration Graded Asphalt Cement

T 49 Penetration‘of Bituminous, Materials

. T 51 Ductility of Bituminous Materials
T179 Effect of Heat and Air on Asphalt Materials {Thin-Film Oven Test)
ASTM Standards

D 2994 StandarddestiMethods for Rubberized Tar

D 36 Standafd Test'Meéthods far Softening Point of Bitumen (Ring and
Ball)

D 3407 Standard Test Methods, for Joint Sealants, Hot-Poured, for Concrete
and Asphalt Pavements

D 88 Standard Test Method for Saybolt Viscosity

D 92 Standard Test Method for Flash and Fire Points by Cleveland Open
Cup.

D 2007 Test Method for Characteristic Groups in Rubber Extender and

Processing QOils by the Clay-Gel Absorption Chromatographic Method

3.0 GENERAL CHARACTERISTICS
Asphalt rublienbinder is an asphalt cement binder modified with crumb rubber modifier
{CRM}. An extender oil may be added to supplement the compeosition of the binder. The
blend 6fyasphalt and CRM is allowed to interact prior to incorporation into the construction.

4.0 BINDER REQUIREMENTS

4.1 Asphalt Cement. The asphalt cement shall meet the requirements of AASHTO M 226 or
M 20. The selected source and grade shali be compatible with the CRM to provide a
uniform blend meeting the specified asphalt rubber binder properties.

4,2 Crumb Rubber Modifier. The CRM shall meet the requirements of the CRM Material
Specification. The selection of the CRM properties, particularly the gradation, shall be
established in the job mix formula (JMF) design.




4.3

4.4

Asphalt Extender Qil. The extender oil shall be a resincus, high flash point, aromatic
hydrocarbon meeting the following test requirements: '
viscosity, SSU, 38°C (100°F) ASTM D 88 2500 min.

flash point, COC, ASTM D 92 ' 199°C {390°F} min.
asphaltenes, % by weight, ASTM D 2007 0.1 max.
aromatics, % by weight, ASTM D 2007 55.0 min.

Aspha/t Rubber Binder., The asphalt rubber binder shall conform to the requirements given
in Table 1.

5.0 MANUFACTURING REQUIREMENTS

Asphalt rubber binder shall be prepared by blending and reacting the materials in
accordance with the conditions and the proportions established by the designed JMF. The
equipment shall be capable of preheating the asphalt cement to the reaction temperature,
accurately proportioning the materials, blending the materials into adhiformimixture and
maintaining curculatson and even heat dsstnbutlon at the reaction témperature during the
reaction phase.

6.0 METHODS OF SAMPLING AND TESTING

Measuring the apparent viscosity of the asphalt.rubber binder may be determined using a
portable rotational shear viscometer in lied of a Brofkfield (ASTM 2994). The portable
viscometer shall be correlated against the Brookfield for each modified binder developed.” A

- standard test procedure shall be established for the particular portable viscometer,




TABLE 1 - REQUIREMENTS FOR ASPHALT RUBBER BINDER GRADES

GRADE ARB-1 ARB-2 ARB-3
CLIMATE ZONE
TEST METHOD HOT MODERATE COLD
Highest Mean Weekly Temp. °C >38 26 to 38 <26
{°F) {>100) (80 to 100) 1< 80)
Lowest Mean Monthly Temp. °C >0 -12 to O <2
(°F) {>30) (10 to'30) {<90)
Apparent Viscosity (P) 1000 min 1000, min 1000 min
175°C {347°F)
ASTM D 2994 Spindle 3' 12 rpm 4000 max 4000 max 4000 max
Penetration {(1/10 mm) 25 min 50 min 75 min
25°C (77°F)
AASHTO T 49 100 gram, 5 sec 75 max 100 max 160 max
Penetration {1/10 mm) 15 min 25 min 40 min
4°C (39.2°F)
AASHTO T 49 200 gram, 60 sec
Softening Point °C 54 min 49 min 43 min
ASTM D 36 {°F) {130 min) {120 min) {110 min)
Resilience (percent) 20 min 10 min 0 min
25°C (77°F)
ASTM D 3407
Ductility {cm) 5 min 10 min 20 min
4°C (39.2°F)
AASHTO T 51 1€Mm/min
Tests on ThipFilin Oven Residue AASHTO T 179
Penetration 75 min 75 min 75 min
{pereent of original retained)
4°C (39.2°F)
AASHTO'T 49 200 gram, 60 sec
Ductility 50 min 50 min 50 min
(percent of original retained)
4° (39.2°F)
AASHTO T 51 1 cm/min

NOTE: The binder measured for compliance shall include the extender oif and any

other additive proposed in the job mix formula.
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SUGGESTED GUIDE SPECIFICATION
FOR THE DESIGN OF
SURFACE TREATMENTS USING ASPHALT RUBBER BINDER

1.0 DESCRIPTION
This design guide evaluates the compatibility of the materials and determinas the application

rate for asphalt rubber binder and cover aggregate for surface treatments.

2.0 TESTING STANDARDS
AASHTO T 182 Coating and Stripping of Bitumen-Aggregate Mixtures
ASTM C 29 Unit Weight and Voids in Aggregate
ASTM C 127 Specific Gravity and Absorption of Coarse Aggregate
ASTM C 128 Specific Gravity and Absorption of Fine Aggregate

3.0 MATERIALS SELECTION »

3.1 Aggregate Typically, a 9.5-millimeter (3/8-inch) nominal makimum afgregate gradation is
specified, Aggregate sizes from 12.5 to 6.3 millimeter (1/2 to A/4 inch) gan be considered.
Suggested gradations are as follows:

SIEVE PERCENT PASSING

16mm (5/8") 100

12.5 mm (1/2") 90-100 100

9.5 mm (3/8") 0-20 70-100 100
6.3 mm (1/4"%) 0-5 0-10 70-100
2.36 mm (No. 8] |, 0-2 D-5 0-5

75 um (No. 200) 0-1 0-1 0-1

3.2 Asphalt Cement The grade of asphalt selected will be based on the desired asphalt rubber
binder propéfties and the amount of extender oil added to the binder. In general, a softer
asphalt cement is required if no extender oil is used. The use of a binder diluent {kerosene)
is not d consideration whendetermining the grade of asphalt cement. When no extender oil
is used, the suggested grades of asphalt cement are as follows:

CRIMATE ASPHALT CEMENT GRADE
Cold AC-2.5 or AC-5

Moderate AC-b5 or AC-10

Hot AC-10 or AC-20




3.3 Crumb Rubber Maodifier (CRM) The nominal maximum size of CRM is directly related to the
size of aggregate selected. The nominal maximum size of CRM may be equal to or less
than the following: :

Nominal maximum particle size
Aggregate CRM

12.5 mm {1/2") 2.36 mm (No. 8)
9.5 mm (3/8") 1.18 mm (No. 16)
6.3 mm (1/4") 600 um (No. 30)

4.0 AGGREGATE DESIGN ;
The quantity of aggregate required to cover the road surface can/be deterfnineddising the
following equation:

where S = Quantity of aggregate (sq.yd./cu.yd.}
W = Dry loose unit weight {lbs./cu. ft.}
Q = Spread rate of aggregate {Ibs./sq.yd.)

The aggregate spread rate is(détermiped from the Boatrd Test.

Board Test. Place a sufficient quantity of aggregaté,on a board with an area of 1/2 sq.yd.
so that full coverage one stone in depth.is obtained. Convert that quantity of aggragate to
units of Ibs./sq.yd.

5.0 BINDER DESIGN ,
Determining the praportions of asphalt éement, crumb rubber and extender oil {if needed) is
trial and error. Qver'time, the design/éngineer will develop an understanding of the
proportions wiiich satisfy the bindar'criteria, knowing the common sources of materials
available to the area. Some general rules of thumb include:

(1) to meet the asphalt rubber binder material specifications will normally require at
least 15 percent, CRM;

{2) the typical CEM content will range from 15 to 25 percent;

{3) a standard blending / reaction temperature is 175°C {350°F);

{4) the time to achieve complete interaction (full reaction) is approximately one
hour,

The Brookfield Viscometer, ASTM D 2669, is used to monitor the reaction and establish the
limits of the CRM content. Once the limits are determined, the other binder tests can be
measured for the chosen CRM content and any necessary adjustments in the CRM content
made accordingly.




The quantity of asphalt rubber required for the surface treatment can be determined using
the following equation:

W

A=5.61FT(1- v
* ( 62.4G

) +V

where A = Quantity of asphait rubber (gal./sy.yd. at 60°F)

E = Embedment depth from Figure 1 (inches)
T = Traffic correction factor from Table 1
G = Dry bulk specific gravity of aggregate
V = Surface condition correction from Table 2 {gal./sq.yd.)
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TABLE 1

TRAFFIC CORRECTION FACTOR

TABLE 2
PAVEMENT CONDITION CORRECTION

Vehicles Traffic Pavement Surface Asphalt Quantity
per day Factor Condition Correction (V)
per lane (T) e
flush asphalt surface -0.06 gal./sq.yd.
over 1000 1.00
smMooth, nonporous -0.03 gal./sq.vd.
500 - 1000 1.0% surface
250 - 500 1.10 slightly porous, oxidized 0.00
100 - 250 1.156 porous, oxidized, +0.03 _gal./sq.yd)
slightly pocked
under 100 1.20
porous, oxidized, £0.06 gdl./sq.yd.
badly pocked

6.0 MIXTURE DESIGN

The viscosity of the binder may be adjusted fop spraying dnd/or “wetting” of the cover
aggregate by the addition of a diluent. The visgasity of the binger for spraying should be
approximately 1000 poises and may be adjusted rélative to the distributor equipment. The
amount of diluent shall not exceed 7.5 @éreent by volome of the binder. When a diluent is
used, the temperature of thd binder shall not éxceed 150°C (300°F).

The selected aggregate and binder shall be tested for stripping potential in accordance with
AASHTO T 182. The binder should inglude any additives, particularly extender oil, diluent,
and antistrip agent. The procedure for cutback asphalts should be used, modifying the
preheat temperature of fthe binder to 150°C,(300°F), Combinations that do not pass this
test may be re-examined if a satisfactlry antistripping additive is used.

At the option of/the desigmengineer,/the cover aggregate may be preheated and coated to
improve chipgetention on the pavefent surface. The aggregate should be heated to
150°C (300°F) and may be coated with the asphalt rubber binder or conventional asphalt
gement. The asphalt cement shouid be the same source and grade used to produce the
asphait,rubber binder. "The amount of precoating shall produce a uniform, dust free material
and shouldbe between O30 - 0.50 percent by total weight of precoated aggregate.

7.0 JOB MIXFORMULA Table 3 summarizes the JMF parameters.




TABLE 3 Surface Treatment / Interlayer
Job Mix Formula Summary

CONSTRUCTION
MATERIAL PARAMETER TOLERANCE
Aggregate source
gradation mat'| spec
Asphalt Cement source
grade
Extender oil source
type
Diluent source
type
Crumb Rubber source
gradation mat’l spec
Additive source
type
Asphalt Rubber amount of CRM {(lbs./ton AC) +0.5
amount of extender oil +
amount of additive x
mix/reaction température (°F) +25
reaction time (minutes) =10
Aggregate Frecoating type of binder
amount of binder (percent) +0.1
preheat temperature (°F) +25
Surface dreatment spray application rate +0.03
{gal./sq.yd.}
spray temperature (°F) +25
amount of diluent (percent) +0.5
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SUGGESTED GUIDE SPECIFICATION
FOR THE CONSTRUCTION OF
SURFACE TREATMENTS USING ASPHALT RUBBER EBINDER

This specification is intended to be a guide for highway agencies. Appropriate
modifications should be made to reflect local conditions and contracting requirements.

1.0 DESCRIPTION

This work shall consist of the application of asphalt rubber binder followed by an
application of cover aggregate.

2.0 MATERIALS

2.1

2.2

2.3

2.4

The materials for this work shall meet the following requirements:

Asphalt Rubber Binder -- The asphalt rubber binder shé@ll'meet the requireménts of
the Asphalt Rubber Binder Material Specification. The selection of the grade of
asphalt rubber binder shall be determined as a part of the job mixfformula {(JMF)
design.

Cover Aggregate -- Aggregates shall be crushed stone, crushéd siag, crushed gravel
or natural gravel. Only one type of aggregate shall be used. Aggregates shall meet
the requirements of AASHTO M 283, Ifspecified in the JMF, the aggregate shall
be precoated with asphalt.

The aggregate shall have a retained asphalt film above 25 percent when tested in
accordance with AASHTO T 182. Aggregates that do not meet this requirement
may be considered if alsatisfactony antistripping additive is used.

Binder Diluent -- The binder diluent'ghall be a kerosene-type diluent compatible with
all other materials as detérmined in the JMF design. The kerosene shall meet the
following add@itional requirements:

Flash Point {ASTM D 92) 27°C (80°F) minimum
Initial Boiling Pdint (ASTM D 850) 177°C (3560°F) minimum
Dy Point (ASTM D 850) 232°C {450°F) maximum

NOTE: All kerosene may not meet these requirements.

Job Mix Formula -- The job mix formula (JMF} shall specify the source, composition
and proportion of the aggregate, asphalt rubber binder and additives for sach
surface treatment to be supplied for the contract. Only the materials approved in
the JMF may be used. All surface treatment materials incorporated into the project
shall Banform to the individual tests’ tolerance ranges established in the JMF.

The JMF shall be established by the Contractor and approved by the Engineer in
accordance with the mix design specifications. At least 30 days prior to
production, the Contractor shall submit to the Engineer a JMF for each mixture, the
supporting test data, and samples of materials from each source. The JMF for each
surface treatment shall be in effect until a modification is approved by the Engineer.

3.0 CONSTRUCTION REQUIREMENTS

3.1

Weather Limitations -- The application of an asphalt rubber surface treatment shall
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3.2

3.3

3.4

3.5

3.6

only be permitted under the following minimum conditions and when weather
conditions will permit proper construction.

ambient air temperature 15°C {60°F) and rising
surface temperature 15°C {B0°F} minimum
surface condition dry

Delays -- When a delay in surface treatment application occurs, the asphaltirubber
binder shall be allowed to cool. Just prior to use, the asphalt rubber shall be slowly
reheated to the specified JMF mixing temperature, thoroughly mixed and_ the
viscosity checked. If the viscosity is outside the JMF specification, theg asphalt
rubber binder in question shall not be accepted for further use.

Equipment -- DISTRIBUTOR: The distributor shall be capable of uniformiy applying
the asphalt rubber binder at the temperature and applicationgate spésified inthe
JMF. The distributor shall be equipped to maintain the spgcified temperature and
provide continuous circulation of the binder in the tank and distribGtor bak to
maintain binder homogeneity. The distributor shall be equipped with appropriate
gauges and meters for monitoring the aperation.

AGGREGATE SPREADER: The aggregate spreader shall be self-propelied and of
sufficient capacity to apply the ag@régate wWithin, the specified time. The spreader
shall have positive controls to deposit the quantity of material required in the JMF
uniformly over the full width of the binderapplication.

ROLLERS: The rollers shall be sgifffifepelled, pneumatic tire and capable of reversing
without backlash. Edchitire shall be'inflated to.a minimum of 700 kPa (100 psi) and
carry a minimum 1,360%an(3000 Ib). Theéy,number of rollers and speed of operation
shall be approved by the Engineer.

Surface Preparationt®- Thérentire surface shall be cleaned using approved methods
until the surface is acceptable to the)Engineer. After cleaning, the surface shall
receive a tack cpat as directedfin the JMF.

Preparation of Asphalt Rubber/Binder -- Production of the binder shall conform to
the Asphalt Rubber BinderMaterial Specification. The binder shall be maintained at
the specified mixing temperature without local overheating and shall be circulated to
maintain uniformity until it is applied to the pavement surface.

Applieation of the Binder -- The rate of application shall be specified in the JMF.
Theamountiof binder applied shall not exceed the capability of the aggregate
sireader and rollers to immediately cover the application and properly embed the
aggregate,

The binder viscosity may be adjusted to improve the spray application by adding a
kerosene diluent. The type and amount of diluent shall be established in the JMF,
The addition of the diluent should occur in the distributor immediately prior to the
spray application. The blending process should achieve a uniform viscosity in the
minimum possible time. When a diluent is used, the binder temperature for spraying
shall not exceed 150°C (300°F).




3.7

Building paper shall be used at the beginning and end of each application of the
binder. Proper construction techniques shall be used for longitudinal and
construction joints.

Application of the Cover Aggregate -- The application of the cover aggregate shall
immediately follow the application of the binder. Spreading shail be accomplished
so the tires of the trucks and aggregate spreader do not contact ghe uncovered
binder. The rate of aggregate spread shall comply with the JMF.

The entire application of cover aggregate shall be rolled immediatelyafter the
aggregate is placed. The rolling pattern shall properly embed thé cover aggregate
into the binder. A minimum of three passes of the pneumatic roller shall be
obtained.

After the rolling is completed, the entire surface shalldbe lightlihswept tomremove
any loose cover aggregate. Traffic will not be permitied on the surface until the
asphalt rubber binder has cured sufficiently to minimize any dislodging of cover
aggregate.

4.0 METHOD OF MEASUREMENT

5.0 BASIS OF PAYMENT




SUGGESTED GUIDE SPECIFICATION
FOR THE CONSTRUCTION OF
HOT MIX ASPHALT CONCRETE USING ASPHALT RUBBER BINDER

This specification is intended to be a guide for highway agencies. Appropriate
modifications should be made to reflect local canditions and contracting requirements.

1.0 DESCRIPTION : :

This specification provides general requirements that are applicable to alt types of hotmix
asphalt concrete using asphalt rubber binder {(HMAR) irrespective of aggregate typeiand
gradation, type and amount of binder, or pavement use.

This work shall consist of one or more courses of HMAR constructed on a prepared
foundation.

2.0 MATERIALS

2.1

2.2
2.3

2.4

2.5

2.6

3.0
3.1

The materials for this work shall meet the following requirements:

Asphalt Rubber Binder -- The asphalt rubber binder shall megt the requireéments of
the Asphalt Rubber Binder Material Specification. The selection 8fthe grade of
asphalt rubber binder shall be determined as a part of the job mixformula (JMF)
design.

Coarse Aggregate -- Coarse aggregate (rétained on the 2.36, mm (No. 8} sieve) shall
be crushed stone, crushed slag, or crushed gravel meeting the requirements of
AASHTO M 283.

Fine Aggregate -- Fine agaregate (passing the 2.36 mm (No. 8} sieve) shall consist
of stone screenings, slag s¢reenings, manufaetured sand, natural sand, or a
combination thereof, meeting the requirements of AASHTO M 29,

Mineral Filler -- Mineral filler shall meet the requirements of AASHTO M 17,

Additives ~dAntitsttipping and/or other additives (in addition to crumb rubber) shall
be approved in the JMF. Additives shall be added at the specified rate using
appropfiate in-line blendings®r other approved method.

Job Mix Formuia -- The job mix formula (JMF} shall specify the source, composition
and proportion of,the aggregates, mineral filler, asphalt rubber binder and additives
for each,mixture tobe supptied for the contract. Only the materials approved in the
JME may beéwmsed. All mixtures incorporated into the project shali conform to the
infividual tests” tolerance ranges established in the JMF.

The JMF shall be established by the Contractor and approved by the Engineer in
accordance with the mix design specifications. At feast 30 days prior to
praduction, the Contractor shall submit to the Engineer a JMF for each mixture, the
supporting test data, and samples of materials from each source. The JMF for each
mixture shall be in effect until a modification is approved by the Engineer.

CONSTRUCTION REQUIREMENTS
Weather Limitations -- The HMAR shall only be placed under the following minimum
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3.2

3.3

3.4

3.5

3.6

conditions and when weather conditions will permit proper construction.

For compacted thickness less than 1% inches

ambient air temperature 15°C {60°F) and rising
surface temperature 15°C (60°F) minimum
surface condition dry

For compacted thickness 1% inches and greater

ambient air temperature 10°C (50 °F) and rising
surface temperature 10°C (50°F} miniptlim
surface condition dry

Delays -- When a delay in HMAR production occurs, the asphalt rubber binder shall
be allowed to cool. Just prior to use, the asphalt rubber,shall be slowly rehéated to
the specified JMF mixing temperature, thoroughly mixed and the viscosity checked.
If the viscosity is outside the JMF specification, the asphalt@rubber binder in
question shall not be accepted for further use.

Equipment -- Equipment used for the production, placement and compaction of
HMAR shall conform to the AASHTO Guide Specifications for Highway Construction
with the following modifications:

The hot mix asphalt mixihg facility ghaill have automatic controls that
coordinate the proportioning, timing and discharge of the mixture.

The hauling equibmentand compaction rollers may be thinly coated with a
light applicatign of a non-petroleum based wetting agent to reduce sticking
of the mixture to the equipment. Oiling the surfaces with kerosene or diesel
fuel will not'be permitted.

Pneéumatic-tired rollérs will not be used.

Suiface Rreparation -- Surface preparation shall conform to the AASHTO Guide
Specificationsfor Highway Construction.

Preparation of Asphalt Rubber Binder -- Production of the binder shall conform to
the ‘Asphalt Rubber Binder Material Specification. The binder shall be maintained at
the specified mixing temperature without local overheating and shall be circulated to
maintain uniformity until it is metered into the hot mix facility mixing chamber.

Mixing, Placing and Compacting -- Mixing, placing and compaction shall conform to
the JMF and the AASHTO Guide Specifications for Highway Construction.

4.0 METHOD OF MEASUREMENT

5.0 BASIS OF PAYMENT




SUGGESTED GUIDE SPECIFICATION
FOR THE CONSTRUCTION OF -
RUBBER MODIFIED HOT MIX ASPHALT CONCRETE

This specification is intended to be a guide for highway agencies. Appropriate
modifications should be made to reflect local conditions and contracting requirements.

Rubber modified hot mix asphait concrete may be covered by patents 4,086,297 and
4,548,962, Any use of this technology should include a determination of the validity of the
patent rights and risk of infringement.

1.0 DESCRIPTION
This specification provides general requirements that are applicable to all types of rubber
modified hot mix asphalt concrete (RUMAC) irrespective of aggregate type and'gradation,
crumb rubber type and gradation, type and amount of asphalt bindgf, or pavément Usés

This work shall consist of one or more courses of RUMAC constructed ofi a prepared
foundation.

2.0 MATERIALS
The materials for this work shall meet the following.requirements:

2.1 Asphalt Binder -- The asphalt binder shall meet the réquirements of the
AASHTO M 266 or M 20. The selection of the grade of asphalt binder shail be
determined as a part of the job mix formula (JMF} design.

2.2 Coarse Aggregate -- Coarse aggregate (retained omthe 2.36 mm {No. 8) sieve) shall
be crushed stone, crushed slag, or crushedygravel'meeting the requirements of
AASHTO M 283.

2.3 Fine Aggregate -- Fine aggregate (passing the 2.36 mm {(No. 8) sieve) shall consist
of stone screenings, slag screenings, manufactured sand, natural sand, or a
combination thereof, meeting@he requirements of AASHTO M 29,

2.4 Mineral Filler -- Mineral filler shall meet the requirements of AASHTO M 17.

2.5 Crumb Rubber -- Crumb rubber shall meet the requirements of the Crumb Rubber
Modifier Material Specification. The selection of the CRM properties, particularly
process method and gradation, shall be determined as a part of the JMF design.

All_ grumb rubber retained on the 2.36 mm (No.8) sieve shall be cubical in shape and
individual particles shall have a flat or elongation ratio no greater than 2:1,

2.6 Additives -- Anti-stripping and/or other additives shall be approved in the JMF.
Additives shall be added at the specified rate using appropriate in-line blending or
other approved method.

2.7 Job Mix Formula -- The job mix formula (JMF) shall specify the source, composition
and proportion of the aggregates, mineral filler, crumb rubber, asphalt binder and
additives for each mixture to be supplied for the contract. Only the materials
approved in the JMF may be used. All mixtures incorporated into the project shall
conform to the individual tests’ tolerance ranges established in the JMF.
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The JMF shall be established by the Contractor and approved by the Engineer in
accordance with the mix design specifications. At least 30 days prior to
production, the Contractor shall submit to the Engineer a JMF for each mixture, the
supporting test data, samples of materials from each source, and a production work
plan. The work plan shall detail the equipment and sequence for adding the crumb
rubber into the mixing process. The JMF for each mixture shall be in effect untii a
modification is approved by the Engineer,

3.0 CONSTRUCTION REQUIREMENTS
3.1

Weather Limitations -- The RUMAC shall only be placed under tiie following
minimum conditions and when weather conditions will permit jproper construgtion.

For compacted thickness less than_ 1% inches

ambient air temperature 15°C (60%Fhand Tising
surface temperature 15°€ (60"F) mipimum
surface condition dry

For compacted thickness 1% inches and greafer

ambient air temperature 10°C {BQ°F) and rising
surface temperature 10°C (50°F) minimum
surface condition dry
3.2 Equipment -- Equipment used fonthe production, placement and compaction of

RUMAC shall conform to the AASHTO Guide Specifications for Highway
Construction with the following madifications:

The hot mix @sphalt mixing facility shall have automatic controls that
coordinate the proportioning, timing and discharge of the mixture. The
facility shall be capable of uniformly feeding and measuring the amount of
crumberubberplaced into the mixing chamber.

Transporting RUMAC on rubber belts is prohibited.

Orum mixing facilities shall not add the crumb rubber to the aggregate cold
feed system.£ The crumb rubber must be added beyond the aggregate drying
and heating section of the mixing chamber.

The hauling equipment and compaction rollers may be thinly coated with a
light application of a non-petroleum based wetting agent to reduce sticking
of the mixture to the equipment. Qiling the surfaces with kerosene or diese!
fuel will not be permitted.

Pneumatic-tired rollers will not be used.

3.3 Surface Preparation -- Surface preparation shall conform to the AASHTO Guide
Specifications for Highway Construction.




3.4 Mixing, Placing and Compacting -- Mixing, placing and compaction shall conform to
the JMF and AASHTO Guide Specifications for Highway Construction with the
following modifications:

When the production method uses units of CRM for proportion at a batch
facility, the batch size and CRM unit size shall be adjusted to use whole
units of CRM. Adding partial units of CRM into the mixing ch r will not
be permitted.

Finish rolling shall continue until the temperature of the mat dr

4.0 METHOD OF MEASUREMENT

5.0 BASIS OF PAYMENT
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SAMPLE OF PREFERRED TITLE PAGE:

Draft date: Wednesday, February 6, 1991, 12:19 pm

PROTOCOL FOR AIR.POLLUTION SOURCE TESTINGAT

*Company Name*
*City in which Company is located®*

Submitted to:

*Company Name®
*Company Street Address*
*City in which Company is located®

and

NATIONAL ASPHALT PAVEMENT ASSOCIATION
51000 Forbes Boulevard
NAPA Building
Lanham, Maryland 20706-4413

Submitted on:

*Ddte on which report is submitted*

Submitted by:

*Testing Firm Name*
*Company Street Address*
*City in which Company is located*

*telephone number of Company*

-@—
A
NATIONAL ASPHALT PAVEMENT ASSOCIATION
NAPA Buiking ® 5100 Forbes Bouievard § Lanham, Maryisnd 20708-4413 B Tel: (301) 7314748 @ Fax: (301) 731-4621

Reprinted by Permission NAPA 3/12/92
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GENERAL INFORMATION
Source Owner:
Address:
Contact:
Telephone:
Fax:
Association: National Asphalt Pavement Association
5100 Forbes Boulevard
NAPA Building
Lanham, Maryland 20706-4413
Contact: Thomas E. Brumagin or John Rugg
Telephone: 301-731-4748
Fax: 301-731-4621
Source Location:
Source Description:
Control Equip.:
Cognizant Agency:  USEPA
Office of Alr Quality Planning and Standards
Research Triangle Park, North Carolina 27711
Contact: Michael Hamlin MD:14
Telephone: 919-541-5232
Fax: 919-541-5663
Testing Firm;
Contact:
Telephone:
Fax:
Scheduied Test Date:
NAPA STACK TESTING PROGRAM: PROTOCOL REQUIREMENTS FOR PRICING PURPOSES
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FORM FOR FILLING IN GENERAL INFORMATION ON PREVIOUS SHEET

F4

Source Owner: *Name of Source Owner*
Address: *Street Address of Source Owner*
*City, State, Zip*
Contact: *Name of person to contact®*
Telephone: *Phone number of contact*
Fax: *Fax number of contact®
Association; National Asphalt Pavement Association
5100 Forbes Boulevard
NAPA Building
Lanham, Maryland 20706-4414
Contact: Thomas E. Brumiigin or John Rugg
Telephone: 301-731-4748
Fax: 301-731-4621
Source Location: *Street address of source location*
*City, State, Zip*
Source Description: *Type of HMA facility to be tested*
Type of Control Equip.: *Air Poll'n Control Equip.*
Cognizant Agency: USEPA
Office of Air Quality Planning and Standards
Research Triangle Park, North Carolina 27711
Contact: Michael! Hamlin MD-14
Telephone: 919-541-5232
Fax: 919-541-5663
Testing Firm: *Name of Testing Firm*
*Company Address*
*City, State, Zip*
Contact: *Name of Contact*
Télephone: *contact phone no.*
Fax: *contact fax no.*
Scheduled Test Date: *date of test*
NAPA STACK TESTING PROGRAM: PROTOCOL REQUIREMENTS FOR PRICING PURPOSES




PLEASE NOTE THE FOLLOWING:
The results of the Stack Sampling are to be submitted in report form (as described at
the end]of;etgls document) within six (6) to eight (8) weeks from the day the sampling
is comple ,

Copies of the report are to be submitted according to the box(es) checked below:

Submit copy(s) to the Source Owner in care of the Contact Person
listed in the General Information section, and copy(s) to the NAPA
office in care of the Contact Person listed for NAPA in the General
Information Section. NO COPIES are to be sent to the EPA office by the
Testing firm, to be handled by the NAPA stafY.

Submit _____ copy(s) to the Source Owner in care of the Contact Person
listed in the General Information section. NO.COPIES are to be sent to
the NAPA or EPA offices by the Testing firn, to Be handled by the
Source Owner's Contact person. HOWEVER, Testing firm should send
letter to NAPA Contact Person advising thatithe report has been
submitted to the Source Owner.

Submit copy(s) to the Source Owner in care of the Contact Person
listed in the General Jfiférmation section. NO COPIES are to be sent to
the NAPA or EPAflices by the Testing firm, to be handled by the
Source Owner’s Contact person.

USEPA is funding stack sampling for Formaldehyde collection and
analysis, therefore, a separate report for the Formaldehyde results
should be sent to the USEPA Contact Person, along with the data
collected by Methods 1 through 4 that would normally be included with
Formaldehyde "ONLY" sampling.

NAPA STACK TESTING PROGRAM: PROTOCOL REQUIREMENTS FOR PRICING PURPOSES
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FOLLOWING ARE SECTIONS OF TEXT THAT SHOULD BE INCLUDED IN THE PROPOSAL
AND PROTOCOL AS THEY APPEAR:

Air pollution source testing will be conducted to determine the emission concentration and rates
of nitrogen oxides (NO,), sulfur dioxide (SO,), carbon monoxide (CQ), total hydrocarbons--which will
be referred to as 'volatile organic compounds’ throughout this protocol--(VOC), con@ensible particulate
matter, lead (Pb), polynuclear-aromatic hydrocarbons (PAHs), benzene, toluene, xylenes (BTX), and
methane. Additionally, the stack gas volumetric flow and stack gas temperature, and the
;oncentratcilons of moisture (H,0), oxygen (O,), and carbon dioxide (CO,) in the staélk gaa will also be

etermined.

PROCESS DESCRIPTION:

Choose one of the following paragraphs or follow the appropriate instructions:
BATCH HMA FACILITY DESCRIPTION:

The air pollution source is what is commonly called a Batch Mix Facility by the Hot Mix Asphalt
Industry. The aggregate is dried continuously in a direct-fired, rotary drimpwith counter-flow heat
exchange being employed. The aggregate is transferred to a piece of equipment called a mixing tower.
In the mixing tower, the hot aggregate is®@eparated aecording to diameter and stored in bins. It is
metered out according to specifications and mixed with asphalt cement in batches.

DRUM MIX HMA FACILITY DESCRIPTION:

The air pollution sourcedeing tested is commonly called a Drum Mixer by the Hot Mix Asphalt
Industry. The aggregate is dried continuously in'a direct-fired, rotary dryer with parallel-flow heat
exchange being employed. The asphalt cement is injected into the drum, about one third of the drum
length from the aggregate discharge point.

OTHER TYPE OF HMA FACILITY CONFIGURATION:

The air pollution sgurce being tested is commonly called a Drum Mixer by the Hot Mix Asphalt
Industry. Howeyér, it is &\modification of the original drum mixer equipment as the mixing of the
aggregate with the asphalt cément ia(performed outside of the exhaust gases. The *Enter whether
heat exchange is parallel or counter -flow*-flow heat exchange process is used in this equipment.
The aggregate and asphalt cement are mixed together in another section of the drum. *Describe this
mixing section here*

ADDITIONAL FOR SOURCE DESCRIPTION:

Thé HMA facility being tested was originally manufactured by *Enter manufacturer’s name®,
and ifstalled *Enter year (as "In 18XX" of installation or number of years ago (as "XX years
ago)®.. Modifications have *if no modifications have been made to equipment enter "not",
otherwise leave blank® been made to the equipment since it was installed. Its maximum rated
capacity is *Enter production capacity as tons per hour” TPH at *Enter aggregate moisture
% for rating®*% moisture removal.

This HMA facility is equipped with a *Enter type of particulate control equip., include
primary collector description, if it exists® for particulate emissions control. Emissions controls
for other pollutants does *Enter "not" if there are no other controls® exist at this HMA facility.

NAPA STACK TESTING PROGRAM: PROTOCOL REQUIREMENTS FOR PRICING PURPOSES
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*Describe this additional control equipment here*

This HMA facility has *Enter "not" if it has never been stack tested® been previously stack
tested for *Enter the pollutants for which it has been tested, if no testing has been done
enter "any pollutant emissions™. These tests were conducted in *Enter month and year of
previous tests®.

INCLUDE THIS TEXT WITH THE APPROPRIATE INFORMATION REQUESTED BETWEEN
THE ASTERISKS IN YOUR DESCRIPTION OF THE SOURCE TESTING:

Three test runs per pollutant will be performed while the HMA facility is opérating at its
maximum capacity of *Enter Production Rating (TPH) of facility® TPH, or nc¢ lower than
*percentage amount®*% of its maximum capacity, as determined by customer,demand. “Each day’s
run will be at least *Enter minimum no. of hours® hours, up to *Enter maximum fo, of hours*
hours.

The relative humidity will be determined with a wet bulb therfiometer afid recordéd with the
ambient temperature every two hours while the testing is in progress.

Responsibilities of NAPA Representative, or other designated individual:

One sample of aggregate will be collected duringsthe middle of each test run of the testing
program and will be analyzed for moisture content.' If'nly continuous sampling is being conducted
on any particular day of the testing program, then a sample of aggregate is to be collected three times
during the sampling, at the beginnning, at the éétimiated halfway-point, and just before sampling is
going to be terminated. There should be thrée aggregate samples for each day of stack stampling.
If the moisture content is determined by the Quality Control laboratory at the HMA facility, the
remaining sample should saved and sent to the NAPA ofticé\with the other samples collected. The
aggregate sample will be collected on the conveyor belt between the scalper screen and the drum.

One *Enter fuel type* fuél sample will be collected by *Testing Firm name® and will be
analyzed for carbon, hydroger, oxygen, nitrdgen, auifur (C, H, O, N, S) and heating value (in
BTUs/unit of fuel). If fuelds a'reclaimed oil, it will be analyzed to determine the concentrations of
contaminants specified Hy USEPA'S, Used Oil rules.

One gallon samples of asphalt cement will be collected at the beginning of the first day and with
each new delivery during testing.

Onesample 6f baghouse fines will be collected during the testing program, when the opportunity
arises (not to be collect Before commencing operations for the testing program), e.g., before production
is started on the decond or third day, approximately one quart in size. This sample will be analyzed
by USEPA's TCLP requirements to determine if it is a hazardous waste.

If Reclaimed Asphalt Pavement (RAP) is part of the mix being produced during the stack testing,
collect a one gallon sample of the RAP from the pile being used for the mix, material should be
crushed or milled (no large chunks).

Provide the superintendent‘and/or operator several copies of the Facility Operations form for

! If the HMA facility has s Quality Contral laboratory on the premises they will be asked to perform the moistare checks.

NAPA STACK TESTING PROGRAM: PROTOCOL REQUIREMENTS FOR PRICING PURPOSES
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recording the requested operating parameters, and review the form with them. Request HMA facility
superintendent or operator, if available, to run a print-out of operational data after each entry to the
HMA Facility Operating Data form. If the print-out machine is programmable through the equipment
computer system, ask the superintendent or operator to program the print-out machine to print
operating information every 15 minutes. (Please note, this should take the place of recording on the
Operating Data form.) :

Request the HMA facility superintendent or operator to insert an unused temperature chart,
corresponding to the correct time of day, at the beginning of each operating day when stack sampling
is conducted. Collect the temperature chart at the end of each day. If the company keeps thigchart
for its records, ask for five (5) copies (sometimes a copy of a copy loses clarity with these types of
charts).

(end of NAPA rep. or designated ind’l. responsibilities)

NAPA STACK TESTING PROGRAM: PROTOCOL REQUIREMENTS FOR PRICING PURPOSES
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The testing procedures proposed herein are based on USEPA's and ? published
methods and are listed immediately below. Following this is a brief overview of each of the test methods (including
sample collection and analytical procedures) to be used.

SAMPLE TO BE COLLECTED EPA REF. NO. STATE REF. NO. | OTHER

Gas Velocity/Volume/Stack Gas Moisture Methods 14

Carbon Dioxide and Oxygen (continuous) Method 3A

Particulate Matter Method 5

Oxides of Nitrogen (continuous) " | Method 7E

Sulfur Dioxide (continuous) Method 6C

Carbon Monoxide (continuous) Method 10

Volatile Organic Hydrocarbons (continuous) | Method 25A

Toxic Compounds (PAHs) Modified Meth. 5/SW-846 Method 8270:

with Hi-resolution GC/MS analysis, DMSO
exgaction and 3-7 ring PAH wt.
concentration determination (% wi. of total
sample)

Benzene & Ethyl- Toluene Xylene Methane | Method 18 (semi-continuous)

Lead and other Heavy Metals (when used Method 12
oil or RAP are used, ONLY, using RMS
filter, afier particulate weight determination)

Condensible Particulate Proposed Method 202
Burner Fuel analyzed for:
Higher Heating Value: _______ * ASTM
Specific Gravity ASTM D 1298
SSU Number
Carbon
Hydrogen
Oxygen
Niwogen |
Sulfur ASTM D 1552
Waste Fuel analyzed for:
Lead ASTM D 2788
PCBs
Total halides EPA 600/4-81-045 ASTM D 1317
Chloride
} pH ASTM D 1093
Flash point ASTM D 93
Process Materials MoisturedDetarmmation ASTM C 566
Ambient Humidity ASTM D 4230 or
ASTM E 337

Toxicity Characteristic Lésching Procedure | EPA FR, Vol. 51, No.
(TCLP) on Baghouse fines) Used Oil, RAP | 216, Appendix I to Part 268

Formaldehyde (optional) DRAFT EPA ____

L R U ]

1 Enter name of the state for which compliance sampling ie being performed.

' Enter typs of burper fusl being used, the ASTM method far HHV for oil is ASTM D 240.

NAPA STACK TESTING PROGRAM: PROTOCOL REQUIREMENTS FOR PRICING PURPOSES
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SUBSTANCE DETECTION LEVEL SUBSTANCE DETECTION LEVEL
(include uniss) (include units)

auous, Semi-Continuous, and PM/Condensibles Results

BENZENE

Acenaphthene
Acenaphthylene
Anthracene

Benz{s)anthracene

Benzo(a)pyrene
Benzo(b)fluoranthenie

Benzo(e)pyrene

Bezno(g.h.i)perylene

Benzo(k)fluorfanthene

0-Cresol

m-Cresol

Lead

Mercury

NAPA STACK TESTING PROGRAM: FROTOCOL REQUIREMENTS FOR PRICING PURPOSES
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SUBSTANCE DETECTION LEVEL SUBSTANCE DETECTION LEVEL
(inelude uniss) (include units)

Burner Fuel Aual;sis

TCLP-~-Substances for Analysix
—

Tetachloroethylené

Trichloroethylene

2,4,5-zighlorophenol

2,4,6-trichlergphenol
Viny! chibride

Arsenic

m-Cresol
p-Cresol ' Cadmium
1,4-Dichlorobenzene Chromium

1,2-Dichloroethylene Lead

11-Dichloroethylene : Mercury

2.4-Dinitrotoluene Selenium
Heptachlor Silver
Hexachlorobenzene Endrin

Héxachloro-1,3-butadiens Lindane

Hexachisrosthans Methoxychlor
Méthyl ethyl ketons Toxaphene
24.D

2,4,5-TP (silvex)

NAPA STACK TESTING PROGRAM: PROTOCOL REQUIREMENTS FOR PRICING PURPOSES
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SUBSTANCE DETECTION LEVEL
(include units)

SUBSTANCE DETECTION LEVEL

(include units)

i
i
|

Formaldehyds Collection and Sampling (optional)

— I D

Process Materials Moisture Detarmination

e ] ] Reclmes gt peemen |

NAPA STACK TESTING PROGRAM: PROTOCOL REQUIREMENTS FOR PRICING PURPOSES
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