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The Intermodal Surface Transportation Efficiency Act of 1991, com-
monly referred to as ISTEA, initiated major changes in the Federal-aid
highway program. Section 1038 of ISTEA contains provisions for each
State to begin incorporating scrap tire rubber into their asphalt paving
materials. A number of activities are underway as a result of Section
1038, and I would like to briefly highlight them for you. Then I will
share some comments on the implications of the section.

This workshop is one of our activities to address Section 1038. It is in-
tended to “jump start” our understanding of HOW TO . ... HOW TO
properly design and HOW TO properly construct asphalt pavements
which incorporate scrap tire rubber. The workshop was developed
through the cooperation of highway agencies and the asphalt industry,
and will discuss present procedures and practices for this technology.
The workshop is not intended to be a forum for debating the resgarch ox
implementation provisions of ISTEA Section 1038.

There are three principle unresolved issues regdrding the,use of these
materials and the legislation clearly identifies them. They aréxl) the af-
fect on the environment and human health, (2) the@bility to recyclé
paving materials which contain scrap tire rubber, and (3)the actual ficid
performance of the material. As required by@Section 1038, the FHWA
and EPA have jointly initiated studies,to ¢xamine these unresolved is-
sues. The study of these issues on a national scale is‘¢omplicated and
costly. The present projected cost for the résearch studies exceeds
$5,000,000. Results from these sflidiés will bédeveloping over a num-
ber of years and, even thoughSome of the questions may never be
completely satisfied, the research is expecféd to qualify the principle is-
sues.

It is well understood that both highway agencies and the asphalt paving
industry are affected by this legislation. The products are initially more
expénsive MAlthough they hiave been shown to be “cost-effective” in
some tesearch stildies, most'aréas of the country have not evaluated
these materials and their“eost-effectiveness” remains unknown.
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Moderator’s Notes

In closing, we hope that these next two days will expand our under-
standing of the technologies which incorporate scrap tire rubber into
asphalt paving materials. And allow you to take this technical informa-
tion back to your respective States and develop an implementation
program which satisfies the ISTEA requirements and pravides the best
highway infrastructure that is possible.

The objective of this workshop is to provide the highway community
(both agencies and industry) with the best understanding of the design
procedures and construction practices presentl¥y usethto incoiporaté -
scrap tire rubber [Crumb Rubber Modifier {CRM)] 1to asphalt paving
materials. You will hear presentations from some®©f thednost knowl-
edgeable professionals in the countryd Over the next twa days, each
session has been designed to build your understandingf the technolo-
gies and practices presently available.

The agenda for the workshop 15 bifoken 1to three main categories: back-
ground, detail, and expérience. The firstday (Sessions 1-7) provides
both technical and practical background information on the materials
and technologies@ncdmpassing &crap tire rubber in asphalt paving. The
morning 0f Day-2 (Sessions 8—11) provides detailed information on de-
sign procedutes and construiétion practices. These sessions draw upon
Day-1’s understanding to develop better decisions regarding pavement
applig@itiofis, mix design, and construction. The last group of presenta-
tiofs will share both the national and regional experience of agencies
and industry wiio\have applied these paving materials.

o

Although the concept of incorporating scrap tire rubber into asphalt pav-
ing materials hias been around for over 25 years, the technology has not
developed in many parts of the country. Like many aspects of asphalt
pavement engineering, there are differing positions on materials, mix
design, application, and construction. It is probable that there is more
than one valid “correct” answer. Even the experts do not always agree.
This workshop will provide sound technical positions for a number of
variables and you, the workshop participants, can draw your own con-
clusions regarding the appropriate application of the technologies for
your needs.

This workshop is a technical program. It is intended to increase the
highway community’s level of knowledge on the design and construc-
tion aspects of incorporating scrap tire rubber into asphalt paving
materials. As mentioned in the opening remarks, it is not a forum for
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discussing the legislation. Your assistance in maintaining a technical fo-
cus during this workshop is greatly appreciated.

Strict compliance with the time for each session must be followed in or-
der to complete the two day program. A question and answer period
will follow the formal presentation(s) in each session. We ask that you
keep the questions related to the topic of the present session. Please re-
view the agenda and note the progression of subjects. The interest
generated by one session may be addressed in a later session and spe-
cific questions should be held until that particular session. Do not view
these guidelines as a restriction to asking questions, that is not the in-
tent. They are intended to guide the program and allow all of the
participants to acquire the greatest benefit from each session topic.

We will hold the break and lunch periods to the times specified. The
program will reconvene promptly as scheduled. All participants are
asked to be seated before the session begins. Thank you for your ¢dop-
eration.
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PUBLIC LAW 102-240—DEC. 18, 1991

INTERMODAL SURFACE TRANSPORTATION
EFFICIENCY ACT OF 1991

SEC. 1038. USE OF RECYCLED PAVING MTEMAL.

(a) ASPHALT PAVEMENT CONTAINING RECYCLED RUBBER DEMON-
STRATION PROGRAM.—Notwithstanding any other provision of title 23,
United States Code, or regulation or policy of the Department of Trans-
portation, the Secretary (or a State acting as the Depaxﬁnent s agent)
may not disapprove a highway project under chapter 1 of title 23,
United States Code, on the ground that the project includes the use of
asphalt pavement containing recycled rubber. Under this subsection, a
patented application process for recycled rubber shall be eligible {0k ap-
proval under the same conditions that an unpatented process is eligible
for approval. ‘

(b) STUDIES.—

(1) IN GENERAL.—The Secretary and the Administiator of the
Environmental Protection Agesnty shall€oordinate and €onduct in
cooperation with the States, a studjato/determing==

(A) the threat to human health'and the env’ﬂronment associ-
ated with the productiod and use of asphalt pavement
containing recycled riibber;

(B) the degre to which asphalt pavement containing recy-
cled rubber gan be recyeléd, and; |

(C) the perfarmance of the asphalt pavement containing re-
¢yeled rubber undervarious climate and use conditions.

(2) DIVISION OF RESPONSIBILITIES.—The Administrator shall
conduet thefpart of the study relating to paragraph (1)(A) and the
Secretary shall conduct the part of the study relating to paragraph
(I(C). The Administrator and the Secretary shall jointly conduct
the study rélating to paragraph (1)(B).

(3) ADDITIONAL STUDY.—The Secretary and the Administrator,
~ in cooperation with the States, shall jointly conduct a study to de-
termine the economic savings, technical performance qualities,
threats to human health and the environment, and environmental
benefits of using recycled materials in highway devices and appur-

Page 1-3
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tenances and highway projects, including asphalt containing over
80 percent reclaimed asphalt, asphalt containing recycled glass,
and asphalt containing recycled plastic.

(4) APDITIONAL ELEMENTS.—In conducting théstudy under
paragraph (3), the Secretary and the Administrator ghall examine
utilization of various technologies by States and shall ékamine the
current practices of all States relating to the reusgfand disposal of
materials used in federally assisted highway préjects.

(5) REPORT.—Not later than 18 months after the.date of the en-
actment of this Act, the Secretary anddfie Administrator.shdll
transmit to Congress a report on the results of the studies con-
ducted under this subsection, including a défailed@nalysis of the
economic savings and technieél performance qualities of using
such recycled materials in federally assisted highway projects and
the environmental benefits of using suchrecycled materials in

“such highwayprojectSin terms of reducing air emissions, conserv-
ing natural resources, and réducing disposal of the materials in
landfills.

(©)DOT GUIDANCE.—

(1), INFORMATION'GATHERING AND DISTRIBUTION.—The Secre-
tary shall gather information and reconmimendations concerning the
use,of asphalt containing recycled rubber in highway projects from
those States that have extensively evaluated and experimented
with thedise of such asphalt and implemented such projects and
shall make available such information and recommendations on
the use 6f such asphalt to those States which indicate an interest in
theéwise of such asphalt.

(2) ENCOURAGEMENT OF USE.—The Secretary should encourage
the use of recycled materials determined to be appropriate by the
studies pursuant to subsection (b) in federally assisted highway
projects. Procuring agencies shall comply with all applicable
guidelines or regulations issued by the Administrator of the Envi-
ronmental Protection Agency.

| (d) USE OF ASPHALT PAVEMENT CONTAINING RECYCLED RUBBER.—

(1) STATE CERTIFICATION.—Beginning on January 1, 1995, and
annually thereafter, each State shall certify to the Secretary that

phalt pavement containing recycled rubber established by this
section. The minimum utilization requirement for asphalt pave-

such State has satisfied the minimum utilization requirement for as- e,
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of asphalt laid in such State and financed in whole or part by any
assistance pursuant to title 23, United States Code, shall be—

(A) 5 percent for the year 1994;

(B) 10 percent for the year 1995;

(C) 15 percent for the year 1996; and

(D) 20 percent for the year 1997 and each year thereafter.

(2) OTHER MATERIALS.—Any recycled material or materials de-
termined to be appropriate by the studies under subsection (b) may
be substituted for recycled rubber under the minimum utilization
requirement of paragraph (1) up to 5 percent.

3 INCREASE.—The Secretary may increase the minimum utilis

~ zation requirement of paragraph (1) for asphalt paveinesit

containing recycled rubber to be used in federally assisted highs
way projects to the extent it is technologically and'€eenomically
feasible to do so and if an increase is appropsiate to assire markets
for the reuse and recycling of sé€rap tired. The minimum utilization
requirement for asphalt pavement €ontaining recyeled rubber may
not be met by any use or technique found to be unsuitable for use

.in highway projects by the studies under subsection (b).

(4) PENALTY.—The Secfetary shall withhold from any State that
fails to make a certification under paragtaph (1) for any fiscal year,
a percentage of the Apportionments under section 104 (other than
subsection (b)(5)0A)) of title 23, Wnitedl States Code, that would
otherwise be apportioned to such State for such fiscal year under

- suClilsection equal to thépercentage utilization requirement estab-
lished by paragraph (1) forsuch fiscal Year.

(5) SECRETARIAL WAIVER.—The Secretary may set aside the pro-

~visions ofdhis subsection for any 3-year period on a determination,

made ift €oncurrence with the Administrator of the Environmental
Protection Agency with respect to subparagraphs (A) and (B) of
this paragaph, that there is reliable evidence indicating—

. (A) that manufacture, application, or use of asphalt pave-
ment containing recycled rubber substantially increases the
threat to human health or the environment as compared to the
threats associated with conventional pavement;

Page 1-5
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(B) that asphalt pavement containing recycled rubber can-
not be recycled to substantially the same degree as
conventional pavement; or

(C) that asphalt pavement containing recye¢led rubber does
not perform adequately as a material for the constiuction or
surfacing of highways and roads.

The Secretary shall consider the results of the study pnder subsection
(b)(1) in determining whether a 3-year set-aside is appropriate.

(6) RENEWAL OF WAIVER.—Any detérmination madetosét
aside the requirements of this sectiofl inay beaenewed for an addi-
tional 3-year period by the Secretaty, withdhe coficirrence of the
Administrator with respect todhe deferniinations made under para-
graphs (5)(A) and (5)(B). Any determination mae with respect to
paragraph (5)(C) may be made {or specific States or regions con-
sidering clindate, geogiaphy, and ether factors that may be unique

to the State or region andthabwould prevent the adequate perform-

ance of asphalt pavement containing recycled rubber.

(7) INDIVIDUAL STATE REDUCTION.—The Secretary shall estab-
lisha ndinimum atilization régquirement for asphalt pavement
containing recycled rabber less than the minimum utilization re-
quirernent otherwise reguired by paragraph (1) in a particular
Stéte, upon the request of such State and if the Secretary, with the
concurrence ©fithe Administrator of the Environmental Protection
Agency{determines that there is not a sufficient quantity of scrap
tires available in the State prior to disposal to meet the minimum
utilization requirement established under paragraph (1) as the re-
sult of'recycling and processing uses (in that State or another
State), including retreading or energy recovery.

(e) DEFINITIONS.—For purpose of this section—

(1) the term “asphalt pavement containing recycled rubber”
means any hot mix or spray applied binder in asphalt paving mix-
ture that contains rubber from whole scrap tires which is used for
asphalt pavement base, surface course or interlayer, or other road
and highway related uses and—

(A) is a mixture of not less than 20 pounds of recycled rub-
ber per ton of hot mix or 300 pounds of recycled rubber per
ton of spray applied binder; or

R
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(B) is any mixture of asphalt pavement and recycled rubber
that is certified by a State and is approved by the Secretary,
provided that the total amount of recycled rubber from whole
scrap tires utilized in any year in such State shall be not less
than the amount that would be utilized if all asphalt pavement
containing recycled rubber laid in such State met the specifi-
cations of subparagraph (A) and subsection (d)(1); and

(2) the term “recycled rubber” is any crumb rubber derived from
processing whole scrap tires or shredded tire material taken from
automobiles, trucks, or other equipment owned and operated in the

United States.
Waste or scrap tires pose a substantial waste management challenge due 1.2 (State
both to the large number of scrap tires generated annually (approxis Legis! ation

mately 230-240 million) and to their engineeredpropertiésywhich

insure their safety, durability in use and long product life. Iritotal, the

U.S. Environmental Protection Agency (EPA) estim@ies, scrap tiredn®

ventories (in U.S.) number between 2 and 3 billion tires, Bltimately,
== reduction of these scrap tire inventories dependsmpon developing and
' enhancing markets and applicationd for scrap tire rubber.

On the State level this ongoing concern prompted over 40)States (as of
July, 1992) to enact legislation or regulationsto control scrap tires.
While the State approaches to sczdp tit@recyclifig are as varied as the
States themselves, certain com#ion elements appear in the legislative re-
quirements of the laws. In genéral, the lawsdnay:

o establish a funding mechanism

* require a set of rules for collecting, transporting, processing and
stOring tires

impese disposabbans and/orlandfill restrictions

e set up a furd to provide for grant and loan programs, research and
develgpiient activities and scrap tire pile abatement

contain provision encouraging States to provide scrap tire recy-
cling and reuse education and training opportunities.

On the national side, several legislative proposals were introduced in
the 102nd Congress. In addition to the Intermodal Surface Transporta-
' tion Efficiency Act of 1991 (ISTEA) which is the catalyst for this
/7 workshop, tire recycling credit bills were introduced by Congressman
Torres and Senator Wirth (H.R. 871 and S. 396). A tire recycling re-
search bill (H.R. 1511) was introduced by Rep. Hochbrueckner. Senator
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1.2.1 The States

Chafee introduced two bills (S. 1038 and S. 1039) to encourage tire re-
cycling through the use of crumb rubber in asphalt, abate existing tire
piles, and impose a tax on tires. Concurrently, Rep. Slattery introduced
H.R. 3058 to encourage States to come up with their own scrap tire
management plan. A companion bill H.R. 3059 wouldfhave provided fi-
nancial assistance to the States to eliminate existing scrap tire piles and
manage future tire disposal. Section 1038 of ISTEA which governs the
use of recycled materials in pavement, is a combinationof the Senate
(Chafee) and House (Slattery) versions.

Briefly then, that is the historical picture of scrap tire legislation. I
would like to focus the remainder of this presentation on bwo main is-
sues:

1. the requirements of State legislation/f&gulations including
mandates, bans, incentivés, etc,, fof the indiyidual States in
each region;

2. potentiabfundingsources (State and Federal programs) which
may assist agencics and industries dealing with scrap tires,
particularly@siit relates {0 implémenting the ISTEA.

One of the key elementsicritical to'the success of ISTEA is an adequate
number of processors of guality raw materials. In many States, scrap
tire laws and regulations are influencing the development of a scrap tire
managément inffastructure that is expected to encourage competitive-
nEss among processers thus raising quality standards for materials and
reducing the gost of raw materials (such as crumb rubber) to end-users.

Forty-seven States have addressed scrap tire management since Minne-
sota passeddhe first law in 1985 (see charts, Transparency I).

Three States, Alaska, Delaware and New Mexico have not passed laws
or regulations specifically targeting scrap tires.

Of the 47, fourteen States regulate either the collection, transporting,
processing or storage of scrap tires and impose landfill restrictions—
either bans or a requirement for tires to be size-reduced in some way.

Thirty-two States have a funding mechanism (i.e., disposal fee, tire tax)
and some combination of regulatory requirements (e.g., storage, collec-
tion, processing rules).

In many States, scrap tire laws are a provision or section of comprehen-
sive recycling or solid waste management laws which require local
communitie develop recycling management plans for tires. North Caro-
lina, Missouri, Oregon, Wisconsin, California, Kansas and Kentucky
are among those States.

T,
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State Scrap Tire Laws/Regs July 1992
State Funding Source Regulations Landfill Restrictions Market Incentives
AL S P
AR $1.504ire relail sales S P H tires must be cut and monofilied | granisAax credils
AZ 2% sales tax on retail sale § P H bans whole tires—1/92
CA $.25fire disposal fee s bans whole tires—1/93 grant/ioans
' 5% PP
co S P
cT S , 10%PP
FL $1fire retail sales S P H tires must be cut DOT required use
R&D grants, 10% PP
GA $1/tire mgt. fee to be written bans whole tire$~1/95 '
Hi ‘ {Honolulu onfy)
bans whole tires—7/52

D $1Rire retal sales S bans whole lires $20fon—$1/retread—grants
IL $1Aire retall sale and banswhole tires—7/94 granis/ioans, proc. required

$.50/vehicle tire § P aH
N permitfee S 10% PP/grants

tire storage sites
1A . H bans whole tires recycled content required
KS $.504ire retail sales Sy P H tires must be cut municipal grants
KY $14tire retail sales S tires must be cut foans/RC preference
LA $2Aire rotail sales—2/92 S PC\H tires must be cut state should buy recycled
ME $1Aire disposal fee S P/ H state should buy recycled

loans/grants
MD $1Aire first sale 2/92 S P H bans tires—1/94 5% PP
MA S bans whole tires 10% PP
Mi $.50/uahicle title fee S P H grants
MN $4ivehicle titletransfer S P H bans whole and cut tires grants
MS $1Aire reiail sales S P H to be written grants
‘ draft draft

MO $.50/ire refail sales S H bans whols fires 10% PP
MT S state req. to buy recycled
NE business assessment fee grants

$1ftire retail sale
NV $1Aire fes on new tires fo he writlen "1 10% PP, grants

educ. & hwy. projects

LEGEND: S: Storage P: Processor H: Hauler Proc: Procurement RC: Recycled Content
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LEGEND: S: Storage P Processor H: Hauler Proc: Procurement RC: Recycled Content

State Funding Source Regulations Landfill Restrictions Market Incentives
NH town graduated S tires must be cut unless facility state shouldduy recycled
vehicle registration fee exempt
NJ S P state should buyfacycied
NY S H | grantsDOTaite
NC 1% sales tax on new tires S P H tires must be cut funds county tire collaction
ND ‘ : s '
OH s tires must be cul—1/93
OK $14ire on new tire sales S P tire must be cut granig/processor credits
OR $1Aire disposal tax new tire S P H tires must be cut ‘state@hould buy recycled
sales—ends 10/1/92 ‘ ' -
PA 8 EPA proc. guidelines
RI $.50Atire tax on new tire sales S P promeotas use of recycled products
SC $2Aire new salas 5 P H bans whole tires state req. to buy recycled grants to
counties _
SD $.25/tire vehicle registration grant fund to be developed
N $1/ire retall sales bans whele tire—1/95 grants/equipment credits
™ $21tire retail sales—1/92 S bans whole {irés processor credit
15% pref. A/R
Ut graduated tax per tire size S PU WH $20/ton
vT bans wholg tire state req. to buy recycled
5% PP -
VA $.50/tire disposal fee on newtire [ & P bans whole tires processor credit or subsidy
sales , :
WA $1 fee on new tire sales s P H grants
wv S P H state req. 1o buy recycled
Wi $24tire per vehicle titledes S Pt tires must be cut—12/31/94 $20/ton/grants
WY S state shall buy recycled -

o
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The waste tire program in Oregon has been phased out as required by
the Oregon tire law which had a five year sunset date for the program.
Minnesota and Wisconsin will soon complete cleanup of existing tire
piles in their States. Overall, the remaining States are currently in-
volved in implementing the rules established by their respective
legislatures.

More and more State waste tire programs and economic development
agencies are implementing aggressive marketing strategies to develop
scrap tire recycling industries within their borders. These States are
reaching into their bag of “economic” tools to offer tax incentives, pro-
curement policies, minimum content legislation and grants and loans to
industries that use recyclable materials. In addition, both State and fed~
eral government agencies are adopting favorable purchase and
procurement policies to buy more recycled products.

Another trend developing among States to aid market development for
recycled materials is an increase in cooperative marketing programs.
Cooperative marketing in recycling generally refers te a group ofgov-
ernment entities and/or businesses that agree to collaborate on
providing a specified set of services at no cost to enhance their individ-
ual marketing efforts. The goal of this cooperétioniis to move
recyclables more efficiently and cost éffectively fromisellers o buyers
than individual members can achieve en'their own. The benefils in-
clude: improved prices, reliability of services, ability to'proyide buyers
with a larger and more consistent velume of materials, improved trans-
portation efficiency, alleviates sforage Constraints, and increased
purchasing and negotiating clgut.

Economic Tools

e tax incentives/credits

e pioeurement policics

® minimum content legislation
e price preferences

o grants

low interest loans

direct reimbursement
recycling markets directories

Federal Sources of Research Funds

Environment-related research and development (R & D) responsibiliﬁes
are disbursed among different agencies at the federal level. In addition,
many programs overlap. The following is a brief listing.

1.2.2 Market
Development
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Environmental Protection Agency

- Office of Research & Development
401 M Street, SW

Washington, D.C. 20460

PHONE: (202) 260-7676

DESCRIPTION: EPA has about $300 million in research funds and op-
erates research programs within the Office of Research and
Development which has 8 offices in Washington, D.Cand 12 laborato-

~ ries throughout the U.S. EPA augments its research program with

contracts, interagency agreements and a small competitive grants pro-

© gram,

National Science Foundation
1800 G Street, NW

- Washington, DC 20550

PHONE: (202) 357-5000

DESCRIPTION: This is the principal igderal grant making agency for
basic environment-telated rfeseateh, Overall the foundation dispenses
about $500 million for bfead-definedenvironmental research ranging
from ecology to atmospheérie sciences.

Environmentaldlealth Sciences
Division of Texicology

P.O. Box12233

Research Park, NC 27709
PHONE#.(919) 541-3267

DESCRIPTION: Leading federal environmental health research organi-
zation. Its $220 million research budget is devoted to investigating the
toXicological properties of chemicals and their potential for causing can-
cer anthadverse side effects.

Center for Disease Control
200 Independence Ave. SW
Washington, D.C. 20201
PHONE: (202) 472-7136

DESCRIPTION: Within this organization, the National Institute for Oc-
cupational Safety and Health, the Center for Environmental Health and
Injury Control, and the Agency for Toxic Substances and Disease Reg-
istry sponsor a variety of environment related R & D activities.

Department of Energy
Office of Energy Research
1000 Independence Ave., SW
Washington, D.C. 20580
PHONE: (202) 586-5430

P
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DESCRIPTION: This department devotes approximately $100 million
each year to environmental research, primarily through its Office of En-
ergy Research. This research emphasizes the health and ecological
effects of toxic substances associated with energy and weapons produc-
tion. In addition, in 1991, more than $5 billion have been appropriated -
to the department to cleanup wastes at nuclear energy weapons research
and testing facilities throughout the country. For tires, the Office of In-
dustrial Programs has grant money available for projects involving the
use of tires which can show an energy savings or benefit.

Department of the Interior
1849 C Street, NW
Washington, D.C. 20240
PHONE: (202) 208-5717

DESCRIPTION: Environmental R & D within this department is cons
ducted primarily by the Fish and Wildlife Service, the U.S. Geological
Survey, the Bureau of Mines and the Bureau of Reclamation.

State laws have helped create an infrastructure of cOmpanies and sery-
ices to support the collection, transport and processing ofrecyclables.
In addition, State laws have provided a numbePof.incentives to increase
recycling capacity, mitigate healtihazardgfassociated with serap tire
piles, develop awareness of the dispesalproblem scrapitires create, and
encouraged the development of some markets.

Overall, the positive gains in sciép fire’manageément realized by States

in the last few years will help@ét the stage for the successful implemen- -

tation of ISTEA. However, the long-term sliecess of both State scrap
tire management programis and the continued use of recycled rubber un-
der the provisions of ISTEA is'going to depend on several factors
including the develdpment of technicalspecifications and definitions,
increased government purchasing and use of recycled rubber, expansion
of exiSting markets for regyeled rubber and development of new appli-
cations,

Source: (Reprinted) Scrap Tire NeWs, Vol. 6, No. 1, January, 1992

Alabama

Current Laws/Regulations:

¢ Solid waste regulations require the following permits for scrap tire
operations:

— Solid waste permit required for facilities which dispose.

" 1.2.3 Conclusion

1.2.4 1991 State

Legislative and
Regulatory Review
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— Facilities which store and/or process tires must have health per-
mit. Requirements include a manifest record showing origin of
tires delivered to site and destination of tires leaving the site,
stacking dimensions, separation distances and site descriptions.
* One monofill for shredded tires permitted and opefating.

In 1991:

o Tire Recycling Center established at Gadsden State.Comimunity
College to conduct study mandated by legislaturef Study wasicom-
pleted in 1991. '

In 1992:

e State solid waste management plan expeet@dhto be completed(in
1992.

¢ The Department of Environmental Managexfient igreparing draft
language for a tire bill to be introduged in' 1992 which includes
provision for a $1/tire surcharge\on tites to fund serap tire collec-
tion and disposal.

Alaska

Current Laws/Regulations:
¢ State is dewel@ping a solidwaste management plan. Tires are gen- o,
erally lafidfilled.
e Recyeling bill gives bidders” preference to recycled products.

AFrizona

Current Laws/Regulations:

» House Bill 2687 which established a 2% sales tax on the retail sale
of new tires was amended under Senate Bill 1252 passed July 28,
1991710 allow car dealers to charge a maximum amount of $1/tire
at the sale of the vehicle from the original maximum of $2, when
manufacturer does not specify the charge of the tire as a separate
component.

e New motor vehicle tire dealers are still required to collect a fee of
2% of the purchase price for each tire sold but not more than
$2/new tire sold.

o Senate Bill 1252 also requires a manifest disposal system for
waste tires and establishes registration procedures for collection
sites. A county or a private enterprise cannot charge a tipping fee
unless one of the following conditions exist:

— They are not receiving monies from the grant fund.
— Waste tires are manifested as originating outside of the county.

— A seller of motor vehicle tires is not preregistered at the collec-
tion site where registration is required.
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— When a county’s pro rata share is 2% or less than that of the
grant fund and after a year of receiving monies from the waste
tire grant fund, can demonstrate that the cost of the waste tire
disposal exceeds the amount received.

e The county or private enterprise receiving a contract or grant shall
provide at least one waste tire collection site in the county, and
shall not refuse to accept waste tires from designated dealers.

e A resident of the county may dispose of five waste tires per year at
a collection site center within their county at no cost.
e Bans whole tires from landfills as of January 1, 1992.

Arkansas

Current Laws/Regulations:
» Act 749, a comprehensive recycling law:

— Establishes a $1.50/tire disposal fee on retail sales of tires €ffec-
tive July 1, 1991 to fund a waste tire recycling and grant
program.

— Requires tires be shredded/split prior to landfilling.

— Requires the Arkansas Pollution Control and Ec¢olegy Commis=
sion (APCEC) to establish permits andpesmit fecs for waste tire
processing facilities, waste{ite colle€tors andicollection centers.

— Places a $1/tire fee on all tiresimiported into Arkansas, ctfective
July 1, 1991.

— Authorizes APCEC to licensestatewide disposal facilities for
tires.

~ Creates a five-member State marketifig board for recyclables.

~ Gives a 10% prigépreference for retiéad purchases for State ve-
hicles. Retread tires generated withifi Arkansas receive an
additional 1% price preference. :

® Act 748 establishes a 80% income tax credit for equipment used to
teduce euse or recycle solid waste.

e Act 752 establishes regional solid waste management authorities
and requiresd@uthioritigsto provide collection centers for tires.

California

Current Laws/Regulations:
® Scrap tirelaw (AB 1843) passed in 1989:
— Established a $.25/tire disposal fee on all used tires left with a
dealer or other seller, effective July 1990. Fee expected to gener-

ate $3 million annually for the CA Tire Recycling Management
Fund administered by the Integrated Waste Management Board
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(CIWMB). The fund provides grants to qualified companies en-
gaged in tire recycling, reuse, recovery or reduction operations.
- Requires statewide plan for designating landfills and solid waste
transfer stations for the storage of waste tires.
— Provides a 5% purchase price preference for pfoducts made
from materials derived from used tires.

e SB 1322, also passed in 1989, allows the Dept. of General Serv-
ices and CIWMB to promulgate regulations for the purchase of
retread tires by the State of CA and requires the use of retreads on
State vehicles (other than high speed vehicles) after July 1, 1991)

In 1992:

e Effective July 1, 1992, major (over 5,000 tires)waste tire facilities
must obtain a major waste facility permit frém the CTWMB. Per-
mit requirements include fire preventiongSecurity and vector
control measures, tire pile siz€ and height limits, £losure and pile
reduction plans, financial assutance and dperator hability.
o In February 1992, the CIWMB Will issue requirements for obtain-
ing a minor(Uider 3{000itires) waste tire facility permit.
¢ Due January 1992, CIWMBteport on the feasibility of using tires
as a fuel supplement for cement Kiliis, lumber operations and other
industrial precesses. ety

Colorado

Current Laws/Regulations:
& Scrap tire regulations for storage, disposal and processing facilities
effectivedMay 1988 (S.W. regs SEC. #9)
— Limit§ the number of tires a facility can accept to the number it
can process, store, recycle or dispose of in a year.
= ldéntifies storage requirements including fire control, security,
access roads and permits.
~ Defines safe storage as placing tires or tire shreds in trenches
and covering with plastic and dirt.
e Enforcement program in place.
In 1992:
o HB 1231 has been introduced and if passed would affect tires as
follows:
— Place a $1/tire surcharge on retail sale of tires and on new vehi-
cle tires.
— Require tire pile site owners to register with CO Department of
Health and Hazardous Materials (DOH). CO DOH would assess
and permit piles. o,
— Establish a grant fund for tire pile abatement and tire recycling :
projects.
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Connecticut

Current Laws/Regulations:

@ Tire storage facilities must be licensed by the State Department of
Environmental Protection. Requirements include groundwater pro-
tection, environmental health and safety provisions and financial
assurance (Guidelines for Rubber Tire Storage Areas [1978-80]).

@ State mandatory recycling act designates tires as future recy-
clables. Tires can be accepted at landfills until there are facilities
with tire recycling capabilities in the State.

In 1991:

¢ Tires begin to be diverted from landfills to a waste tire energy fa-
cility in the State.

Delaware

Current Status:
@ No legislation.
@ Two county landfills contract mobile shreddingéervices.
¢ Shredded tires may be landfilled.
e Limited quantities of whole tires are cursefitiyhlandfilled.

@ Currently working on diverting Whele fires to imgineration facility
for electrical generation.

Florida

Current Laws/Regulations:
® SB 1192, a scrap tité law cnacted in 1988:
— Requires a $1/iré tax on the fetail sdle of tires.
— Requires tires tobecut prior to landfilling.
—((Waste tire sites must Be closed or located at a permitted facility.
— Processing ondisposal fagilities must be under permit.

— Small processing fagilities, collection centers and moblle opera-
tor§ musthave a general permit.

— Waste tire collectors must be registered.
As of January 1, 1992:

@ 750 waste tite hauling/collection companies have registered 1,825
trucks.

e 28 mobile shredders permitted or have made application for operat-
ing permits.

o 11 fixed waste tire processing permits issued.

¢ DOT using crumb rubber in asphalt for road resurfacing.

@ Tire chips can be used as landfill daily cover material.
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¢ Several RDF facilities are burning tire chips. Percentages vary by

facility.
¢ DER has three firms under contract to perform cleanup services.

¢ One contract to demonstrate innovative technologies has been
signed. One company withdrew from the prograniyNegotiations
continue with two companies.

e Two cleanups in progress. Over 1 million tires each,

Georgia

Current Laws/Regulations:
¢ Solid Waste Management Act, passed i1 1990, pequired the State

to develop solid waste managemenf plan bydanuary 1, 1991.

— Requires counties to develop solid wagie management plans by
1992, Counties must identify the plan for any Wwastes generated
in their jurisdiction.

~ Allows landfill operators to reéflise tires or require that they be
shredded or chipped before disposal.

— Tires may be considered as‘a 1eeyelable material at a facility

~ that processes tires if 60% of thetires processed go to an end
use market: gline

In 1992:
¢ The Environmental Protection Division (EPD) has developed draft
language for a tire recycling bill. EPD expects to introduce the bill
10'the 1992 legislature. Provisions in the draft language include:

— A $2/tire retail tire sales fee to fund tire pile cleanups and pro-
vide réimbursement for recycling.

— A $0.90/tire reimbursement to tire haulers who collect and trans-
port tires to recycler.

Hawaii

Current Laws/Regulations:
e Honolulu County is developing a scrap tire management program.

In 1992:

e The Department of Accounting and General Services is reviewing
(under legislative direction) its procurement rules and specifica-
tions. Preliminary reports indicate a 10% preference for retread
tires will be included.

e A $1/tire advanced disposal fee is expected to be proposed to the
legislature.




Idaho

Current Laws/Regulations:
e H.B. 352 passed by the 1991 Idaho legislature affects tires as fol-
lows:

— Sets a $1/tire fee per tire sold at retail or wholesale in the State.

~ Establishes a Waste Tire Grant account.

— Provides a $0.10/tire credit to dealers for accountmg/reportmg
expenses.

— Provides end users of tires and tire derived materials a $20/ton
reimbursement for eligible uses, such as energy recovery, shred-
ding, soil erosion control, collision barriers, crumb rubber for
asphalt use or as a raw material for other products and hauling
to out-of-state processing facilities.

— Provides a $1/tire for passenger and light truck tires to bg used
for retreading operations in Idaho.

— Requires tire sellers accept waste tires equal to the number of
tires sold at the point of transfer.

- Requires waste tire collection sites register With the Department
of Environmental Quality within six months of passage of the

- bill.
‘ — Bans disposal of tires at landfills and incineration sit€s (except
as allowed under permissible fhél uses), effective July1, 1991.

— Requires tires to be disposed at waste tire collectioh site begin-
ning January 1, 1993.

Hlinois

Current Laws/Regulations:
o H.B. 1085 (PA"86-452), enacted August 31, 1989:
£ Created the Used Tire Management Program.

= Established a financiabassistance program for local govern-
ments to cleanup tire piles, develop markets for tire-based
productst and confrol mosquito infestations in tire piles.

e S.B. 989 (PA 87-727), enacted September 23, 1991:

~ Establishes a new fee on tires sold, prioritizes how monies gen-
eratcd shall be earmarked, requires tire retailers to accept used
tires f0r recycling, and requires the development and implemen-
tation of a plan to eliminate large tire piles. The act also creates
the following waste management hierarchy for used tires gener-
ated in this State:

e 1. Reuse of tire casings for remanufacture or retreading.

2. Processing of tires into marketable products, such as
stamped parts from portions of tire casings.
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3. Total destruction of tires into a uniform product that is mar-

. ketable as a fuel or recycled material feedstock.

4. Total destruction of tires through primary shredding to pro-
duce a nonuniform product for use in road beds or other
construction applications, or at a landfill of 8imilar site for
soil erosion control or cover.

5. Total destruction of tires to a nonuniform product eonsis-
tency for direct landfill disposal.

¢ Funding sources:

— Effective January 1, 1990, $0.50 of each vehicle title fee is de-
posited into a Used Tire Management Fund, Generating
approximately $1.7 million annuall§, this soutee expires on De-
cember 31, 1994,

— Effective July 1, 1992, $1/tire fee' on refail sales. Approximately
$8-$10 million is expected {0 be generated annually (PA 87-
727).

e Collector, Seller and Hauler Regulations:
— Licensing waste tire transporters were finalized in 1990.

— Effective July 1,1992, retailers ate required to accept for recy-
cling used tires from eustomers, at the point of transfer, in a
quantity@quahto the number of new tires purchased (PA 727).

e Storage and Processor Regulations:

— Financial assurance fequired for sites with more than 5,000 tires,

— EffectiveApril 1, 1991, used tire storage facilities must
» limit tire pile height and size
» assur@ thatfires are stored or processed in a manner that pre-

vents water from accumulating in the tire
» maifi daily records of tires received and processed.

— Effective January 1, 1991, sites with more than 50 used tires
must be registered with the IL EPA and report the number of
tires accumulated, vector control status, and handling and proc-
essing procedures.

— Any retailer that accepts used tires for recycling under PA 87-
727 shall not allow the tires to accumulate for periods of more
than 90 days.

e Disposal Restrictions:

— Whole tires are banned from landfill disposal unless tires are
shredded and landfill actively seeks alternative uses for the tire
scraps, effective July 1, 1994.

e Marketing Incentives:

— IL Department of Energy and Natural Resources’ Used Tire Re- e

covery Program:

» awards low interest loans to expand existing used tire process-
ing facilities in the State;
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» funded five tire-derived fuel test burns in 1991.

» is making low interest loans available to fuel users to retrofit
existing equipment or make improvements to facilitate the
use of TDF.

» conducted a test of passenger retread tires with the IL State
Police.

» conducted a test with rubber modified asphalt concrete in con-
junction with the IL Department of Transportation.
» administers a program to:

- assist local government and private industry in estab-
lishing facilities and programs to collect, process and
utilize waste tires and tire derived material;

- demonstrate innovative technologies to collect, store,
process or utilize used and waste tires and tire derived
materials;

- apply demonstrated technologies.

e H.B. 1159 (PA 87-476), enacted Septembien 13, 1991, requires the
IL Department of Central Management Services to develop,and im-
plement a program to use retreads as replacemenhtires on
State-owned vehicles whenever possible.

Indiana

Current Laws/Regulations:

e PL. 19-1990 established regulations on the disposal of lead acid
batteries and waste tires{ The law:

- Created a waste tire management fund, effective July 1991, to
pay for cleaning tp tizé dumps when the responsible party is un-
known or cannot afford the,cleanuip. The waste tire management
fund is suppaited by permit fées from waste tire storage sites,
appropriations and other fees as established by the General As-
seibly. [Waste tite storage/processing site permit requirements
have not been finalizedy thus no permits have been issued or
funds generatedifor tire cleanup.]

— Cieatefl permit requirements for waste tire storage facilities to
inglide at minimum;
» Proof of financial responsibility.

» Reeords to show quantity of tires handled, their source, the
quantity of material (whole, cut or shredded) shipped from
the site, and documentation showing its final destination.

» Site closure plan.

» Contingency plan for protecting public health and the environ-
ment.

— Established a Waste Tire Task Force to develop market options.

PN
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~ Established a 10% price preference for State purchase of sup-

plies that meet recycled content requirement specified in the law.
o PL. 236-1991 affects tires as follows:

~ Requires retailers to post a notice advising customers that a re-
tailer is required to retain the customer’s take-off tires for
recycling.

— Limits the amount of time retailers and wholesalersiean retain
whole tires.

— Sets forth ways in which wholesalers and retatlérs can dispose
of tires.

— Defines requirements for registering/li€€nSing scrap tire hadilers
and processing facilities.

— Defines waste tire cutting facilities.

— Establishes operating requitginents.

— Sets a $100/year permit fee.

In 1991:

e The Indiana Department of Waste Management (IDEM) issued in-
terim guidelines fofwaste tire uiting facility and storage facility
permits. The guidelings establish the mumber of tires that may be
stored at either,cutting Or'storage facilities, sets forth fire protec- o
tibn/safetyf requiréments, Qnissite waste water requirements, o
mosduitd control requirements, identifies tire pile size require-
ments for whole and processed tires.

e The Waste Tire Task Force focused on markets for scrap tires and
fire temediation plans.

Ih 1992:

. A bill being debated in the current legislature is intended to stream-
line the process for waste tire storage and tire cutting facilities.

o Thewill would also extend the life of the Waste Tire Task Force.

Jowa

Current Laws/Regulations:

e House File 753, passed in 1989, bans whole tires from landfill dis-
posal effective July 1, 1991. According to IA Administration Code
landfilled tire pieces must be no longer than 18" on any side.

e 1A DNR submitted a waste tire abatement report to the General As-
sembly as mandated in House File 753. The report recommends:

— That waste tire haulers be registered and bonded.
— The use of TDF at the State’s three public universities.

— Local governments use tire chips as a leachate collection me-
dium in landfills.

— A financial mechanism to fund the program. Preferred method
is a vehicle registration surcharge.
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— Modified bounty system for local governments only to receive
rebates on pile cleanups.
¢ IA DNR intends to draft administrative rules for tire processing
and storage facilities.
o House File 706, passed in June 1991, regulates waste tire haulers
in the following ways:

— Waste tire haulers are defined as hired transporters of more than
40 waste tires in a single load for commercial purposes

~ Waste tire haulers must obtain a certificate of registration from
the Secretary of State

— Under the registration requirements, haulers are liable for any
costs associated with improper disposal of tires. Other hauler
registration requirements include a registration fee and posting
of a surety bond. Registration certificates are valid for one year

— Generators and disposers of tires must contract with a régistered
hauler for removal of waste tires

— Transporters of waste tires for final dispesal aresequired tQ dis-
pose of tires at permitted sanitary disposal facilities,

Kansas

o Current Laws/Regulations: ,
o SB 310, a recycling bill was signedinto law inJune, 1990. The
bill:
~ Bans landfilling of wholeftirés(effective July 1, 1990).

— Provides for the dispdsal of cut tires (sufficiently small) in a
landfill.

— Allows whole tiies to beyused as patt of a proven and approved
leachate collection system.

— Allows cut tire chips to be used as daily cover material in land-
fills.

—\Sets a $:50/tire excise tax on retail sale of new tires.

— Hstablishes a Waste tire management fund to provide grants to
gities arfd counties fOr scrap tire recycling, management, collec-
tiondnd disposal operations (Spring, 1992).

— Establishes a system of permits for waste tire processing facili-
ties, eollectors and collection centers (Spring, 1992).

Kentucky

Current Laws/Regulations:
P e HB 32 signed into law April 1990:
‘ — Places a $1/tire tax on retail sales of tires.
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— Establishes a waste tire trust fund for cleanup of tire piles and to
fund loan programs to develop uses for waste tire material and
for collection and storage programs.

— Requires registration of piles with more than 100 waste tires.

— Requires that only tires “rendered suitable for dispesal” be land--
filled.

Louisiana

Current Laws/Regulations:
e Act 185, a solid waste recycling, and reduction law passed in
1989, affects scrap tires in the following ways:
— Tires must go to permitted recycling or solid waste disposal or
waste tire collection sites, effective Januaiy 1, 1990,

— Effective January 1, 1991, whole tires will not be acceptéd at
landfills for disposal. Tires mustbe cutorsheed prior to dis-
posal.

— Establishes the following waste titéregulations:
» Manifest, repditing, site notifieation requirements.
» Permit requirementSifor transporters, waste tire collection,
and pro€essing facilities. =
»_Establishes outdeor/indeop storage requirements.
» Establishes tire dedler responsibilities.
— Sets a $2/tire fee on retail sales, effective February, 1992.

Maine

Cusrent Laws/REgulations:
o P.L11989 passed in 1989 affects as follows:

~ Requires $1/tire advance disposal fee (paid on retail sale) to
fund pile cleanup and scrap tire recycling grants and loan pro-
grams, effective January 1990.

— Required ME DOT to prepare a report on the use of ground tire
rubber as an additive to asphalt concrete. Completed March
1990.

— Established a DOT recycling project to review feasible alterna-
tives for using recyclable materials in construction, including
ground rubber from tires. Report completed in 1991.

— Chapter 406 of the State Solid Waste Management plan con-
tains regulations for scrap tire storage and disposal 1nclud1ng

» Surface and groundwater protection.

» Fire control and security measures, access roads, and buffer
areas.

» Operating licenses.

B
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~ Effective April 1, 1991, scrap tire haulers are required to be li-

censed, meet manifest requirements and show financial
responsibility.

Maryland

Current Laws/Regulations:
o HB 1202 passed in 1991 affects tires as follows:
~ Beginning February 1, 1992, a $1/tire will be charged on the

first sale of all new tires in Maryland by a tire dealer, including
new tires sold as part of a vehicle.

The Maryland Department of Environment (MDE) is required
to write licensing regulations for scrap tires. Proposed regulas
tions were completed in January 1992. All scrap tire collectors,
haulers and handlers are required to be licensed by Julyal, 1992
under the proposed regulations.

Directed Maryland Environmental Services (MES) to establish
the Maryland Tire Recycling Systemgincludescrap tire €ollec-
tion facilities, scrap tire haulers, scrap tire recyclers and an
approved resource recovery facility that u§esitires as a fuehsub-
stitute or an approved facility that uses tires a8 a tire derived ™~
fuel. Request for proposals for inclusion.in the §yStem to be is-
sued in January 1992.

Requires that facilities that uséftires for fuel may only be ap-
proved/licensed if no other options for returning tires to the
marketplace for reuse exists

— Bans tires from all Maryland landfill§ after January 1, 1994.
® MES Scrap Tire Management Progéam to date: o
~ Retreaded Tipé Utilization Pilot Ptoject underway.
— Remanufagtured Tire Demonstrdtion Project underway.
~ Promote the use of tire chips as a supplemental fuel in cement

kilns. Testing underway.

-~ Resedreh asphalt i éemposting. Experiment began October 1,

1991.

— Promdie use and manufacture of scrap tire material products.

Catalog of products issued.

~ Tiré reef project.
e State'completed a market study for recyclables, including tires, in
1990.
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Massachusetts

Current Laws/Regulations:

e State Solid Waste Management Facility Regulations ban whole
tire from landfills effective December 31, 1991.

¢ Interim policy on tire site design for tire storage, colléétion, proc-
essing and disposal sites includes the following permut eriteria:
— Site location, topography, wetlands impact.
— Proof of site ownership.
~ Site dimensions, tire pile dimensions, number of lires received

and processed.

~ On-site fire prevention/control plan.
~ Security measures.

In 1992:

e An act to Protect the Environment and Public Health by Proper
Disposal of Certain Automotive Wastes, sponiigied by Rep. Joan
Menard (D-Somerset) is,expected €0 be refiled. The Act would in-
clude provisions for a $5/v¢hicle registration title transfer fee to
fund waste tire abatément; establigh permit requirements for tire
haulers, processors, collection/storage sites; encourage estab-
lishment of waste tire collection centers; and allow tire dealers to e,
chéinge diggosal feés up to'8%,of tire retail sales price. S

Michigan

Cupfentaws/Regulations:

¢ P.A. 148 of 1990 places a $.50 tire disposal surcharge on each cer-
tificate of Vehicle title. Monies from the surcharge are deposited in
the scrap tite regulatory fund.

e PLANLAF of 1990 establishes the scrap tire regulatory fund to pro-
vide monies for scrap tire pile cleanups on public land and
administrative costs of implementing and enforcing scrap tire regu-
lations. The act also:

- Regulates tire storage for uncovered tire collection sites with
more than 500 tires.

~ Requires all scrap tire collection sites to register with the Depart-
ment of Natural Resources (DNR) annually. Registration
fee—$200/yr.

— Requires all scrap tire haulers to register with DNR.

— Requires tire retailers to use registered scrap tire haulers.

~ Requires sites with more than 100,000 tires to be processors.

1991 Statistics:
e 306 haulers registered.
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® 207 registered collection sites holding approximately 15 million
tires.

e Over 100 tire site cleanups completed.

o Identified additional 200 (approx.) sites for compliance status.

Expected in 1992:

® Decrease in the number of sites in compliance because of bonding
companies’ reluctance to write required surety bonds. (Surety
bonds of $100,000/acre of tire collection required by law, effective
January 1992.)

Minnesota

Current Laws/Regulations:
e Scrap tire law passed in 1985:

— Requires a $4 tax on vehicle title transfers. Approximately $2.6
million generated annually for the Waste Tire Program tg fund
cleanup and grant/loan programs.

— Bans tires from landfills.

— Requires retailers to accept as many wastedirés from a customer
as are sold to that customer.

— Allows tire retailers to charge a disp@salfee.

— Requires transporter identificatiofl.

® MN reports the following progress il managing the State’s scrap
tires:

— Since 1990, the MN Pgilution Control Agency (MPCA) has
awarded almost $340,000 in grants and l0ans to MN businesses
and government organizations to dévelop markets for recycled
waste tires.

— 89 transporters have valid identification numbers.

— 6 permitted waste tire processors process approximately 9.4 mil-
lion waste tires penyear.

—\MPCAestimates 80%of the waste tires from the State’s 280
tire dunmips willbe cleaned up or under cleanup control after July
1,,1992¢ Cleanup should be completed by December 31, 1994.

— Cleafiup Statistics:

» 9.4 million tires at 107 tire dumps have been cleaned up.

» 2imillion tires at 60 tire dumps currently under contract.

» In1992, MPCA will award cleanup contracts for 3 million
tires at 47 tire dumps.

» After July 1, 1992, about 800,000 tires at 80 tire dumps will
remain to be cleaned up.

— 80% of the tires processed in MN are used to produce tire-de-
rived fuel, none of which is burned in the State.
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~ The remaining 20% of the tires are processed for crumb rubber
applications for use as roadbed material, light-weight fill and
other applications.

Mississippi

Current Laws/Regulations:

o SB 2985, a disposal bill for batteries, tires and household hazard-

ous waste, was passed in 1991. The new law: :

— Establishes a $1/tire fee on retail sales of tires béginning Janu-
ary 1, 1992, Fifty cents of each dollar collected will be placed in
a grant fund for counties and cities to helpfand scrapitire mdn-
agement programs.

— Requires owners and operators of waste tir€ colleétion sites to
complete site notifications to the Départent of Environmental
Quality (DEQ) by October, 1991,

— Requires waste tire collection sités be approved by DEQ.
— Requires registrationdonwaste tite haulers. ' '

— Requires DEQ togromulgale tules and regulations pertaining to
collection, transpogtation, storage, processing and disposal of
waste tires. It is expecied that a landfill ban on whole tires will
be includéd in the rules. Mest likely the rules will allow shred-
deditires to be landfilled. Rules due by July 1, 1992.

~ Grant feégulations due by March 31, 1992.

— Effective January 1, 1992, waste tire haulers and transporters
must be registered.

— Effectivedanuary 1, 1992, waste tire haulers/collectors, gener-
ators and processors must maintain manifest records of the
number of tires generated from a facility, transported and proc-
essed a€used or disposed.

Missouri

Current Laws/Regulations:
e SB 530, an omnibus solid waste bill passed in 1990, includes pro-
visions for regulating tires as foliows:
— Places a $.50/tire tax on retail sales of new tires.
— Bans whole tires from landfills, effective January 1, 1991.
Storage/Processor Regulations:

e Sites that store more than 500 tires for more than 30 days to obtain
a permit from the Dept. of Natural Resources (DNR). Sites that
store fewer than 500 tires do not need a permit but must conform
to storage requirements.

AT,
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o Sites that obtained a first-stage waste tire permit in 1991 must ap-
ply for second-stage permit.

¢ Sites with no first-stage permit in 1991 must apply for a second-
stage permit to store over 500 tires.

e Second-stage permit application requirements include:
— Application form.
— Detailed site and operation plans.
— Topographic and boundary surveys.
— Land use and zoning within 500 feet.
- — Closure plans.
— Financial assurance.
— Contingency plans.
— Evidence of property ownership.
— $200 application fee.
Collector/Seller/Hauler Regulations:

e Waste tire haulers who carry more than 25 tires per load must ob-
tain a DNR permit.

¢ Haulers with first-stage permits were requirefl to apply for Second-
- stage permits by December 1, 1991. Second-stage haulers permit
ey carries a $100 annual fee.

¢ Businesses that haul their oW tires(do not téguire a petmit.

e Requires tire dealers to use oniy permitted hauléss and keep re-
cords of where their tires go.

Other Activities:

e An advisory council was established to help develop waste tire
rules.

¢ An advisory couficil is Being formed to develop grant criteria.

e Requires the State DOT to uhdertake demonstration projects using
recovered rubber from waste tires as surfacing material, structural
material, sub-base thaterial and fill consistent with standard engi-
neeringpractices. '

Market Incentives:

o Establishés purchase preferences for products that use recovered

materidls including retread tires.

o Allows for tire tax funds to be spent for cleanup of tire dump sites
and to provide grants to businesses that use scrap tires as a fuel or
in a product.

Montana

Current Laws/Regulations:

e Tires are currently accepted at landfills, MSW landfills and inert
material fills.

I,
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e Scrap tire collection/storage facilities must be permitted and li-
censed as a solid waste management facility.

Nebraska

Current Laws/Regulations:
o LB 163, a waste reduction and recycling bill passed in‘April 1990:

— Levies a $1/tire fee on retail sale of new tires. Fee applies to
new car sales.

— Proceeds from the $1/tire fee are deposited in the Waste Redue-
tion and Recycling Incentive Fund. The fund is administered by
the Dept. of Environmental Control to helpiestablish waste ré-
duction and recycling programs. Thefe'1s no dedicated fund for
tire recycling.

Nevada

Current Laws/Regulations:
e Comprehensive solid waste mianagement plan being written by the
Department of Con§etyation and Natural Resources (DCNR) to
identify legislative and régulatory needs. Expected to be presented
mid-1992. o,
e AR 320, afi omnibusirecyclingibill, passed by the Nevada legisla- ‘
ture in 1991 sets a $1/tire fee on the sale of new tires, effective
January 1992, Revenues for the first 20 months will be diverted to
thedRCNR, the Governor's Office of Community Service and local
gounties for recyeling education, planning and assistance. After
this 20 month peridd, the funds will roll over to the State highway
fund to develop projects which incorporate tires in highway use.
s Permitting/teégulations for haulers, processors and tire storage will
be Writtefi by the State regulatory agencies in accordance with pro-
visions of AB 320.

New Hampshire

Current Laws/Regulations
o HB 332-FN-A (Chapter 89-263) an Automotive Waste Disposal

law passed in 1989 provides for waste tires in the following ways:

— Authorizes towns to collect fees for collection and disposal of
town motor vehicle wastes including tires, batteries and used oil.

— Requires the Office of State Planning (OSP) to submit a Jegisla-
tive proposal to increase the town’s fees (at the town’s request)
if fees prove insufficient under existing legislation.
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— Requires OSP maintain and distribute to the State’s towns a cur-
rent list of approved contractors for collection and disposal of
motor vehicle waste.

o The Solid Waste District Law (RSA 149-M:13I) requires
towns/districts to provide a site or access to a site for disposal of
residents’ tires.

In 1991:
o The legislature approved language to modify the definition of mo-
tor vehicle wastes.
e Storage requirements for outdoor and indoor waste tire collection
sites were adopted. Requirements include security measures, pile
size limits, berms and other fire control provisions.

e Tires must be cut prior to landfilling (some exceptions apply).
e A committee to study the development of a State waste tire man-
agement program was established. The committee is requited to

identify and study the reuse of waste tires for asphalt aggregate,
water mains and other uses. Final report due February 1992,

.

New Jersey

Current Laws/Regulations:
AT o Statewide mandatory Recycling Actgfssediin 1987 affects tires as
follows:

— Tires qualify for municipal tounage grant credits specified in the
act,

— Contains a provision fér industries putehasing new recycling
equipment to receive a 50% tax credit‘@gainst their State corpo-
rate business tax.

e Regulations regafding serap tire progessors and storage of scrap
tires passed November 18, 1991,

Scrap Tire Program Progress to date:

o Dépts, of Environmental Protection (DEP) has a Recycling Hand—
book for Selected Material (batteries, waste paper, plastics, ferrous
auto, and scrap fires) available.

o NI DOT@€ompleted demonstration project for using tire derived
malerials in road construction applications.

e NJDOT is testing the use of retread passenger tires on fleet vehi-
cles.

o NJ DEP has drafted a tire recycling Demonstration Project Pro-
posal in response to federal legislation which appropriated $1
million in funding to the State to develop a model program to recy-
cle tires. The proposed model program will focus on:

s — Development of on-site management practices to minimize and
control the potential hazards associated with scrap tire stock-
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piles. The program will also focus on preventing new pile accu-
mulations.

— Evaluation of end-use technologies in terms of economic effi-
ciencies and overall effectiveness to manage scrap tire piles.

New Mexico

Current Laws/Regulations: ,
e Solid waste in New Mexico is regulated by the Solid Waste Achof
1990 and newly revised Solid Waste Regulations. Tires are notiads
dressed in these regulations.

o Annual waste tire generation estimated atgli25million tives/vedr,
¢ Tires are currently stockpiled and/or ldndfilled,

» Split tires are used to contain landfill gell linérs at tlie City of Albu-
querque landfill.

New York

Current Laws/Regulations:

e An amendment to Chapter 226 (Section 27-0303) of the Environ-
mental Conservation Lawjpassed by the NY General Assembly in
1990, desigfiates commercialwaste tires as a regulated waste and o,
requires tfansporters to registenwith the DEC. Commercial waste
tires are defined as waste tires that are transported for a fee for the
purpose of teuse, recycling or disposal. The ruling is designed to
imStife that tires are transported to environmentally permitted tire
recycling, processing or storage sites.

& Scrap tire€torage and processing facilities are regulated under
terms of Part 360, Regulations for Solid Waste.

o Covernor’'s Executive Order 142 directs the Department of Trans-
portation (DOT) to develop specifications for use of recycled
rubber in paving materials. It also directs the Department of Eco-
nomic Development (DED) to work with DOT to develop supply
sources of recycled materials within the State. DED is further re-
quired to work with the Department of Environmental
Conservation (DEC) in developing an audited cost analysis of recy-
cled materials as components of paving materials. Report was
issued September 1991.

In 1992:

e The Governor’s 1992-93 Executive Budget includes a $5/tire fee
for funding various environmental programs.

TR,




Page 1-33

P

North Carolina

Current Laws/Regulations:
¢ SB 111 passed in 1989:
— Levies a 1% sales tax (effective January 1990) on new tire sales.
— Requires counties to provide a site for tire collection by March
1990.
— Requires scrap tire haulers to be registered.
— Requires permits for collection and processing sites.

— Allows counties to impose tipping fees for tires if sales tax fails
to generate adequate funding.

— Requires certification forms to accompany each load of scrap
tires.

North Dakota

Current Laws/Regulations:

No legislation proposed.

Landfills accept tires; many co-mingle with MSW.

e Some cities transport tires to recyclers.

Rules proposed in 1992 would regulaté stockpiling 0f tires.

B,
o 3

Ohio

Current Laws/Regulations:
e HB 592 the State solid pvaste management plan approved June

1989 requires:

— Effective Janudiy'l, 1993, tires must be shredded or processed
(cut, sliced,@te.) prior ta disposalt

— Effective January 1, 1995, neither whole or shredded tires will
be accepted for disposal at sanitary landfills. Tires will only be
accepied at tire monofills (shredded) or at legitimate recycling
facilities.

— Effective August 171991, Ohio EPA finalized draft rules for
storage of waste tires. The rules limit storage to 2,500 sq. ft., tire
piles must be covered, and 50 ft. fire lanes maintained between
the piles.

— Ohio EPA expects to draft monofill regulations in 1992.

Oklahoma

Current Laws/Regulations:
e OK Waste Tire Recycling Act implemented July 1, 1989:
— Places a $1/tire surcharge on new tire sales.
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— Created a Waste Tire Indemnity Fund to help eliminate existing
stockpiles of tires and promote recycling of waste tires.

— Establishes a reimbursement up to $0.50/tire for each tire proc-
essed if the facility meets the following criteria:
» Is permitted by the OK State Department of Health (OSDH)
and operating in compliance.
» Document that at least 25% of the tires processed ¢ame from
illegal tire dumps identified by OSDH.

» Document that the tires for which reimbursefiient is requested
have been processed to a particle size not m@re than four
square inches.

— Waste tires are eligible for additional@ompensation aba.raié of
$0.35/tire for the collection and trafisportation of waste tires for
each tire processed based on the following eritenia:

» Demonstrate quarterly that(the fagilify actively collects tires
from each county in the Staté regularky.

» Submit proposed tire collection schedules and routes to
OSDH.

» Demonstrate jthis operatingin compliance with OSDH permit.

— Tire storage and proeessing facilities are regulated as Type VI
Solid Waste.ProcessingFacilities and must meet tire pile size
limitatigns for whole and processed tires, have proper fire pro-
tection and berms.

— Tirehaulers and transporters are not regulated.
Waste,Fire Program progress to date:

& As of August 1991, $2,685,662 has been remitted to the Waste
Tire Indendhity Fund.

» As of August 1992, 4,080,171 waste tires have been processed.
¢ 2waste tife processing facilities are permitted in OK.

o,

Oregon

Current Laws/Regulations:

e Waste tire law passed in 1987 set up a self-funded comprehensive
program for waste tires including:

— Regulation of storage and landfill disposal of waste tires.
— Chipping requirement for landfilling tires effective July 1, 1989.
— Regulation of transportation of waste tires.

— $1/tire disposal tax on the sale of new tires, used to clean up tire
piles and to promote the use of waste tires by subsidizing mar-
kets for waste tires or chips.
e SB 66 passed in 1991 requires General Services to conduct a study i,
to compare quality and performance of retread and new tires. The -
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Department is required to report results of the study to the 1993
Legislature.
In 1992:
e $1/tire fee sunsets on October 1, 1992.
e Reimbursement ends June 30, 1992,
Waste tire program progress to date:

e 1.3 million tires have been cleaned up from 21 waste tire piles.
DEQ funded $1,346,000 of the cleanup costs.

e 5 additional waste tire pile cleanups are underway using public
funds.

e 101 waste tire pile owners have voluntarily removed a total of
437,000 tires.

o 16 regular storage sites have been permitted.

18 landfills have modified their solid waste permits to adddempo-
rary storage of waste tires.

More than 100 waste tire carrier permits have been issued.
2 paper mills are burning TDF.

4 cement companies are burning TDF.

TDF produced in OR is being used at a CA cement kiln.
L, Reimbursement program to date:

e $780,000 reimbursement fundsapproved asof March 3,1991.
Represent 4.5 million passenger fite reuse.

e Major use reimbursed: TDF (75%}.
e Other uses reimbursed:
~ Buoys made of wholg¢ tires.
~ Bias ply chips for playground cover.
— Molded rubbef products from granulated tires.
- Marine produets from stamped bias ply truck sidewalls.

- Light fill roadbédibase to repair section of highway (used
S75000 waste tires):

[The above uses Were reimbugses at a rate of $0.01 per 1b.]

Reimbursémedit: Demonsiration Projects

¢ Benton County Paving Projects: One mile of Alpine Cut-Off Road
and 1.5 miles on Evergreen Road were paved with PlusRide. DEQ
reimbugsed the construction company $39,000 for use of the
equivalent of about 24,000 passenger tires in the two projects.
¢ Portland Area Projects: The DEQ cooperated with Portland’s Met-
ropolitan Service District to have generic specifications developed
for rubber-modified asphalt concrete (RUMAC). Two demonstra-
T tion projects utilizing generic RUMAC in the Portland area are
‘ planned for 1991 by the City of Portland and Multnomah County.
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¢ Other proposals: Other proposed demonstration projects are for
laminated tires and molded highway guard rail blocks or cushions.
The demonstration projects must be completed before June 30,

1992.

[The above demo projects can be reimbursed at a rate higher than the
$0.01/1b. as these recycling uses of waste tires do not yét have an estab-

lished market.]

Pennsylvania

Current Laws/Regulations:
e Interim storage policy for tires, effective 1988:

— Limits duration of tire storage.

— Requires isolation distances between piles; access control, haz-
ard prevention, nuisance conttol, récord keeping, reporting and
site closure.

— Sets pile size height and width limits.

— Allows solil waste getmit exemptions for storage or beneficial
use of waste tireg,and tire-dérived materials to facilities in com-
pliance with provisions of the'intérim storage policy.

— Policy applies to storage at processing sites.

In 1992:
o HB 297 (originally introduced in 1991) is being carried over to the

1992 legislature and mecludes:

—sApban landfilling of whole tires.

— Establishmentof a $1/tire fee on new tire sales.

— Creatiafi of a Waste tire management fund.

— Site registration requirements for storage and processing of tires.
~ Encoufagement of research and education.

R

Rhode Island

Current Laws/Regulations:

e RIGL 37-5.1:

— Imposes a $.50/passenger tire tax on new tire sales effective
January 1, 1990. Revenues from the tire tax are deposited in a
State recycling fund along with monies generated from sur-
charges on other “hard-to-dispose-of” wastes. State expects to
generate $3 million/year from the fees to fund education and
technical assistance programs for “hard-to-dispose-of materi-
als,” and for grant and research programs; to survey, track and
monitor hard-to-dispose-of-material; and to establish regional
collection centers for hard-to-dispose-of-materials.
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— Tire recyclers are assessed an initial license fee of $50 and an
annual renewal fee of $25.
e RIGL 23-63, “Vehicle Tire Storage and Recycling” addresses tires
in the following ways:
~ Restricts disposal of waste tires to one of 3 methods:

(a) delivery to facilities operated by the State Solid Waste
Management Corporation;

(b) delivery to a licensed privately-operated tire storage, recy-
cling or recovery facility; or

(c) delivery for transport to an out-of-state recycling facility.

— Bans the burning of scrap tires within the State as a source of
fuel.

— Bans the export of tires for burning outside the State as @ fuel
source and within 30 miles of any reservoir watershed.

— Exporting tires for burning outside the limits is contingent'on a
satisfactory environmental impact stateraent and public hearing.

— Requires facilities storing more than 400 tir€s'to obtain a license.

— Tire recycling or recovery businesses must be licénsed by Dept.
of Environmental Management.

Proposed 1992 legislation would 1nstitute/a deposit System for tires.

South Carolina

Current Laws/Regulations:
o SB 388 (HB 3096), SC’s Solid Wasté Policy and Management Act
of 1991 affects scpdp tires as follows:
— Imposes a $2/ti€ fee on thesale of cach new tire effective No-
vember 1, 1991,
< Reguires owners and operators of waste tire sites to notify the

SCDepartment of Hedlth and Environmental Control (DHEC)
of the site’s l@eation, size and number of tires accumulated.

- DHEC niust submit & waste tire management and disposal re-
port te the General Assembly within six month of the bill’s
effective date.

— Requires State and county solid waste plans to include a section
on wasie tires.

- Requires counties to establish waste tire collection sites within
twelve months of promulgation of the regulations.

~ Counties may not charge additional disposal fees except for
oversize and out-of-state tires.

— Bans whole waste tires from disposal at landfills (effective 6
months after DHEC regulations).
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— Requires DHEC to establish regulations for permitting/register-
ing collectors, processors, haulers and disposers of waste tires.

— Requires the State Treasurer to remit a $1.50/tire sold in each
county based on population for collection and disposal of waste
tires generated in the county.

— Retailers and wholesalers may be refunded $1/tire delivered to a
permitted waste tire disposal facility.

— Provides for deposit of the remaining $0.50/tire af the tire fee in
a Waste Tire Grant Trust Fund. Grants may be provided to [ocal
governments from the Trust Fund to develop the tise of TDF
burning, to establish and/or expand waste treatmentfacilities, to
remediate tire piles, and for research afid development.

— Establishes a ten-member Waste Tife Committee.

South Dakota

Current Laws/Regulations:
e Tires are managed undér prowisions of the State’s revised solid
waste regulations effective July 1990, including:
~ General permits for fite processing and storage facilities.
~ Allowanced@ntire handléss to accumulate up to 100,000 tires an- e,
nually béfore removal. )
— Givedicounties responsibility for writing solid waste ordinances.
Several Gounties requirétire to be cut into at least 4 pieces prior
toplandfilling.
~ Prohibits opemburning of tires except in areas with populations
under 5000.
In{1991:
o ‘Oftertail Power burning tires for fuel.
e Office of Waste Management and SD DOT working to develop
specifications for asphalt rubber.
in 1992:
¢ Legislation has been introduced. Provisions include:
— $0.25/tire per vehicle registration fee (not to exceed $1/vehicle).
~ Fees would be remitted to State to develop a grant fund for tire
recycling end uses.

Tennessee

Current Laws/Regulations:
e Public Chapter 451 of the State’s comprehensive solid waste plan
passed in 1991 affects scrap tires as follows: e,
— Bans disposal of whole waste tires at landfill sites effective Janu- V
ary 1, 1995.
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- Requires counties to establish at least one waste tire collection
site within the county by January 1, 1995.

~ Requires the Department of Environment and Conservation
(DEC) to purchase 6 mobile shredders and/or contract with a
shredding service, using funds available from the Solid Waste
Management Fund, to meet the State’s waste tire disposal needs.

— Allows the State planning office to disperse one-time-only
grants to assist counties in locating, collecting, and appropri-
ately disposing of waste tires.

— Sets a $1/tire fee on the retail sale of new tires, effective Octo-
ber 1, 1991. _

— Establishes credits for the purchase of tire shredding equipment,

— Prohibits counties from imposing additional disposal fees or sfir-
charges on tires.

Texas

Current Laws/Regulations:
e SB 1516, passed in 1989, requires scrap tires téhbe shreddedpsplit
or quartered within 60 days of receipt at a disposabsite.
¢ SB 1340, an omnibus recycling bill passedsin 1991, affects tires as
follows:

~ Imposes a $2/tire fee on the salé,of new passenger and truck
tires effective January 1, 1992.°

— Requires the fee be depositedhin a speeial waste tire recycling
fund and used to pay gualifying processors $0.85 for every 18.7
1bs. of shredded tires,effective April 1, 1992.

— Limits disposal fees ttansporters call ¢harge on tires delivered to
processors receiving reimbursements from the waste tire recy-
cling fund.

—_Gives preference to the use of rubber in State road paving pro-
Jjeets,as long as the cost of the rubber is within 15% of the
alternatiVes based on ¢omparative life-cycle costing figures.

~ \Requires Departiment of Health (DOH) to develop a list of un-
authorized tire dumps and prioritize the list.

— Reguires processors to remove 25% of the tires they shred for re-
imbursement to be taken from the DOH Priority Enforcement
List.\

— Requilgs tire transporters and process/storage sites to register
with the DOH.

— Requires permits for tire transporters mobile processing sites
and stationary storage sites.
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Utah

Current Laws/Regulations _
e SB 5 passed in May, 1990 effects tires as follows:

— Establishes per tire graduated tax on tire sales including new car
sales (effective July 1, 1990) as follows:

» $1/tire up to 14 inches.
» $1.50/tire 15 to 19 inches.
» $2/tire 19 to 26 inches.

~ Monies generated from the tax will be depositedinia recycling
fund. i

~ Provides a $20/ton per use reimbursefent to recyclers for prod-
ucts containing tire derived material§ includifig TDF. Sunsets in
5 years.

— Gives local health departments authotify for wasté fires.

— Local health departments have adopted regulations for collec-
tion, storage ghd hauling of waste tires. The rules include:
» Licensing requirements foisaste tire collectors and haulers

and waste tire Stofage and processing facilities.

» Enforcement of a mahifest tracking system to regulate tire col-
lectiong T

Vermont

Curredl Laws/Regulations:
¢ Act 286 passed Juhe, 1990, affects tires as follows:
— Prohibits the landfilling of tires after January 1, 1992.
) Authorizes a 5% price preference for products containing recy-
cledundieTials. _
— Allows for an even higher price preference if the State entities
who will use the product agree on that amount.

# \The State Solid Waste Management Program published in 1989 in-
cludes specific language addressing waste tires including a
requirement for the State to develop a funding mechanism for tire
recycling and for the investigation of tire processing and recycling
options for use in the State.

Virginia
Current Laws/Regulations:
e Waste tire bill passed in 1989 imposes a $.50/tire disposal fee on
the sale of new tires effective January 1, 1990. The money col-

lected from the tax will be deposited in a Waste Tire Fund.
Approximately $3 million in funds as of December 1991.

o
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o Legislation established a Used Tire Management Advisory Com-
mittee to make recommendations on scrap tires in the State.

¢ Advisory Committee and Dept. of Waste Management are cur-
rently developing a management program which issued a request
for proposals from any recycling/disposal technology.

e Demonstration of the State’s overall scrap tire management plan
will commence in 1992. Components of the plan are collection
centers; hauling contractors; processing centers; reporting and
documentation systems; evaluation; and implementation.

Wa&hington

Current Laws/Regulations:

¢ HB 1671, the Waste Not Washington Act passed a $1/tire fee on
the retail sale of new tires for 5 years. Authorized uses of the
money are grants to local governments for removal of tire piles
and enforcement, information and education, marketing studies,
and contracts by the State.
— Requires licensing rules for tire haulers including $250/year ear-

rier license.

~ Haulers must document delivery of scrap tires.

e Waste tire program progressfto date;

— A Waste Tire Advisory Committec (WTAC)was formed to im-
plement HB 1671 and to help {ormulate currentipolicy.

— DOE ranked the tire piles across theé\State based on environ-
mental, health and saféty faciors.

— DOE developed a list of qualified eontractors.

~ 16 of the 25 largest tire piles were cleaned up in 1991. Approxx-
mately 817,878 tires.

~ Two additiofal tire pile clediilifls are underway at piles esti-
mated to contain, 300,000 and 500,000 tires respectively.

— Abeut $2 million ffem the $1/tire fee was available for cleanup
in 19910

West Virginio

Current Laws/Regulations:
¢ SB 18, Chapter 20-11-8, (passed October, 1991) bans disposal of

all tires i1 landfills effective June 1, 1993. Waste tire regulations

include:

— Waste tire haulers under jurisdiction of WV A Public Service
Commission must have a waste hauler license.

— Waste tire processors (stationary facilities) must have a solid
waste permit. :
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— Shredded tires may be used as landfill daily cover or in the land-
fill liner as a leachate drainage.

~ No more than 1,000 tires can be stored unless permitted for stor-
ing a large number.

~ Tires must be split/cut or shredded prior to landfilling; shreds
must then be dispersed in the workface of the fill ' with other
wastes.

— Alternate burial plans for non-cut or whole tires #ill beap-
proved if the plan gives adequate assurance thaf tires will stay
buried.

— Mobile shredders are not required to have a permit.

— Storage at processing facilities is limited tc 2 piles of whole
tires and no more than 18 piles of shredded fires (pile size: 200
ft. x 50 ft. x 15 ft.).

Wisconsin

Current Laws/Regulations:

e AB 481 passed in 1987 affects tites as follows:

— Establishes a $2/tire fiee on vehicletitles effective May 1, 1988.
The fee generates approximately $3 million annually.

~Requirés waste collectors, transporters, storage and processing
facilities to be licensed.

- Provideseligible companies a $20/ton reimbursement for use of
waste tiresior tire-derived materials.

& Act 355 enactedhinto law in 1990 requires all communities to have
mandatorytecycling programs and bans scrap tires from landfills
starting in|1995.

s Waste tireg abatement progress as of January, 1992 [Department of
Natural Resources (DNR) Abatement Projects]:

— 12 waste tire stockpile cleanups completed in 1991.

— 5 waste tire pile cleanups in progress.

— Approximately 5 million tires will have been cleaned up when
all 17 stockpiles completed. Total cost: $5.25 million.

— Voluntary site cleanups have removed another 600,000 waste
tires.

~ To date all the material processed and removed at cleanup sites
has been used for energy recovery.

— By July 1993, DNR expects to have cleaned up the 40 largest
stockpiles in the State.

o Waste Tire Management/Recovery Grant Progress as of January
1992: 17 projects funded since 1989 at a cost of approximately P
$650,000. The projects explored a variety of issues with regard to Sk
the reuse and management of waste tires. Funded projects include:

iy
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combustion of waste tires with coal and wood waste. [Recipient:
Packaging Corp., Tomahawk. Cost: $51,000.]

Environmental assessment of air emissions for the proposed
waste tire/medical waste incinerator. [Recipient: Bureau of Air
Management. Cost: $35,000.]

Testing combustion technology. [Recipient: WI Power and
Light. Cost: $50,000.]

Investigating fuel feed system designs to accommodate combus-
tion of waste tire material in fluidized bed boilers. [Recipient:
Fort Howard Paper. Cost: $50,000.]

Testing the development of various rubber products, e.g. bed
liner for pickup trucks. [Recipient: K.W. Math. Cost: $50,000.]
Testing leachate characteristics of shredded waste tires. [Recipi-
ent: State Lab of Hygiene. Cost: $3,000.]

Testing medium to assess use of waste tires as absorbing ie-
dium for volatile compounds in landfills. [Recipient: Univ, 6f
WI. Cost: $3,000.]

Research use of waste tires for highway improvement projects.

~ [Recipient: WI DOT and the University of Wi €ost: $50,000.}

Test development of rubber products@iSing waste tire material.
[Recipient: Humane Mfgf«Cast: $50,000:]
Establish model enforcement/@ducation progtam for waste tire

generators/haulers. [Recipient: City, of Milwaukge, Cost:
$50,000.]

Develop pilot waste stbrage facility. [Rébipient: Brown County.

Cost: $18,599.22.]

Test combustionof shredded waste tires in a travelling grate
stoker boiler. [Recipient: Northern States Power Co. Cost:
$45,500.]

Pave a 1-to 2-mile section of County Highway G with a rubber-
1zédhasphalt. [Recipient: Vilas County Highway Dept. Cost:
$50,000.

Determine feasibility of using shredded waste tires alone or in
mixurés to supplement landfill liners and covers. [Recipient:
Univ. of WI-Madison. Cost: $49,930.]

Eliminate the disposal of waste tire at the City of Janesville Sani-
tary Landfill by constructing a storage area and diverting this
material for use as an energy source. [Recipient: City of Janes-
ville. Cost: $32,725.]

Develop and implement a 2-phase management plan to establish
a county-wide program to collect stored waste tires and waste
tire generated in the county annually and to divert them to a
beneficial use such as energy recovery. [Recipient: Chippewa
County. Cost: $30,411.85.] '
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" — Air emission testing to evaluate air emission resulting from the
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— Conduct air emission and ash testing of combusting shredded
waste tires with petroleum coke and coal to determine compli-
ance with environmental regulations at a fluidized bed boiler.
[Recipient: Manitowoc Public Power. Cost: $35,000.]

Wyoming

Current Laws/Regulations:
o The Environmental Quality Act affects tires as follows:

— Sets reasonable amounts for storage of tires at refail stores, col=
lection centers, landfills, etc.

— Establishes bonding and location regfirementSiand & péfmiiling
system for solid waste facilities. [Tites defin€d as solid waste.]

— Limits the accumulation of waste (including tires) prior to dis-
posal.

PN
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Sources: (Reprinted with permission) Asphalt Handbook, 1989 Edition, | 2.1 Paving Materials
The Asphalt Institute
Hot-Mix Asphalt Paving Handbook, 1991, AASHTO, et al.

Asphalt—A dark brown to black cementitious material in which the pre-
dominating constituents are bitumens which occur in nature or are
obtained in petroleum processing. (ASTM* Designation D8.)

Asphalt Cement—Asphalt that is refined to meet specifications for pav-
ing, industrial, and special purposes. (See Specifications for
Asphalt Cement, ASTM Designation D 946 AASHTO** Designa-
tions M 20 and M 226). Its penetration is usually between 40 and
300. The term is often abbreviated A.C.

Asphalt Joint Sealer—An asphalt product used for sealing cracks and
- joints in pavement and other structures.

Asphaltl, Natural (Native)—Asphalt occurringdn nature,;which has been
derived from petroleum by natural processes of evaporation of
volatile fractions leaving the asphalt fractions The native asphalts
of most importance are found in the Trinidad and Bermudez Lake

i, -deposits. Asphalt from these sources oft€fi‘is called Lake Asphalt.

Asphalt Primer—A cutback asphalt product of low ¥iscosity that pene-
trates into an aggregate base/subbase upon application.

Bitumen—A mixture of hydrg€arbons of natural or pyrogenous origin,
or a combination of both; frequently accompanied by nonmetallic
derivatives which may be gaseous, liquid, semisolid, or solid; and
which are complétely soluble in carbon disulfide.

Cutback Asphalt—Asphalt cement which has been liquefied by blend-
ingywith petroleum solvents (also called diluents). Upon exposure
10, atmospheric conditions the diluents evaporate, leaving the as-
phalt cement to'perform'its function of cementing and
walerproafing.

a. Rapid-Curing (RC) Asphalt—Cutback asphalt composed of
asphalf ¢ement and a naphtha or gasoline-type diluent of high vola-
tility. (Seg Specifications for Rapid-Curing Asphalt, ASTM
Designation D 2028 or AASHTO Designation M 81).

*American Society for Testing and Materials.
**American Association of State Highway and Transportation Officials.
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b. Medium-Curing (MC) Asphalt—Cutback asphalt composed
of asphalt cement and kerosene-type diluent of medium volatility.
(See Specifications for Medium-Curing Asphalt, ASTM Designa-
tion D 2027 or AASHTO Designation M 82).

c. Slow-Curing (SC) Asphalt—Cutback asphalt composed of
asphalt cement and oils of low volatility. (See Specifications for
Slow-Curing Asphalt, ASTM Designation D 202668 AASHTO
Designation M 141).

Emulsified Asphalt—An emulsion of asphalt cement and water that
contains a small amount of an emulsifyifig agen, a helerogentous
system containing two normally immiscible phases (asphalt and
water) in which the water forms the ¢ontinuéus phdsé of the emul-
sion, and minute globules of asphalt fornd the discontinuous phase.
Emulsified asphalts may be of either the anionic £lectronegatively
charged asphalt globules, or cationic, electroposiiively charged as-
phalt globule €ypes, degpénding upon the emulsifying agent. (See
Specifications for Emulsified Asphalts, ASTM Designation D 977
or AASHTO Designation M 140 and Specifications for Cationic
Emulsified Asphalts, ASTM Designation D 2397 or AASHTO
Désignatiofi M 208).

Aggregate—Any hard, incgtymineral material used for mixing in gradu-
ated fragments. It includes sand, gravel, crushed stone, and slag.

Agpregate, Coarse-—That retained on the 2.36 mm (No. 8) sieve.
Aggregate, Fine—That passing the 2.36 mm (No. 8) sieve.

Asphalt Basé Course—A foundation course or pavement layer consist-
ing of mineral aggregate, bound together with asphalt material on
which successive course(s) are placed.

Asphalt Emulsion Slurry Seal—A mixture of slow-setting emulsified
asphalt, fine aggregate and mineral filler, with water added to pro-
duce slurry consistency.

Asphalt Fog Seal—A light application of a slow-setting asphalt emul-
sion diluted with water and without mineral aggregate cover.

Asphalt Leveling Course—A course (asphalt aggregate mixture) of vari-
able thickness used to eliminate irregularities in the contour of an
existing surface prior to superimposed treatment or construction.
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Asphalt Overlay—One or more courses of asphalt construction on an
existing pavement. The overlay may include a leveling course, to
correct the contour of the old pavement, followed by uniform
course or courses to provide needed thickness.

Asphalt Prime Coat—An application of a low viscosity cutback asphalt
product to an absorbent surface. It is used to prepare an untreated
base for an asphalt surface. The prime penetrates into the base and
plugs the voids, hardens the top and helps bind it to the overlying
asphalt course.

Asphalt Seal Coat—A thin asphalt surface treatment used to waterproof
and improve the texture of an asphalt wearing surface. Depending
on the purpose, seal coats may or may not be covered with aggre-
gate. The main types of seal coats are aggregate seals, fog seals,
emulsion slurry seals and sand seals.

Asphalt Surface Course—The top course of andsphalt pavement, some-
times called asphalt wearing course.

Asphalt Surface Treatments—Asphalt surface treatmentis a broad teri
embracing several types of asphalt or asphiali-aggregatéapplica-
tions, usually less than 25 mri (hinch thick, 0'a road susface.
The types range from a light application of emul§ified or cutback
asphalt to single or multiple surfacelayers made up of alternating
applications of asphalt and aggregate.

Asphalt Tack Coat—A very light application of asphalt, usually asphalt
emulsion diluted with water. It is used|to ensure a bond between
the surface being paved and the overlying course.

Base Course—The layer of material immediately beneath the surface or
ifiteimediate course. It may be composed of crushed stone, crushed
slag, crushéd,or uncrushedygravel and sand, or combinations of
these materials. Italso may be bound with asphalt (see Asphalt
Base Course).

Mineral Filler—A finely divided mineral product at least 70 percent of
which will pass a 75 pm (No. 200) sieve. Pulverized limestone is
the most'€ommonly manufactured filler, although other stone dust,
hydrated lime, portland cement, fly ash and certain natural depos-
its of finely divided mineral matter are also used.

Single Surface Treatments—A single application of asphalt to any
kind of road surface followed immediately by a single layer of ag-
gregate of as uniform size as practicable. The thickness of the
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treatment is about the same as the nominal maximum size aggre-
gate particles. A single surface treatment is used as a wearing and

waterproofing course.

Subbase—The course in the asphalt pavement structure immediately be-

low the base course is called the subbase course. If thesubgrade
soil is of adequate quality it may serve as the subbase.

Subgrade—The soil prepared to support a structure or/a pavement 8ys-
tem. It is the foundation for the pavement structuie. The subgrade
soil sometimes is called “basement soil” or “foundatien soil.”

Hot-Mix Asphalt

The term hot-mix asphalt (HMA) is used generically 1o include many
different types of mi¥ that are.produced at an elevated temperature in an
asphalt plant. The category of HMIA. is divided into three different types
of mixes, depending pritnarily on the gradation of the aggregate used in
the mix (Figure 2-1). The thiée mix types are (a) dense graded, (b) open
graded,and (c) gap graded.

Figure 2-1. Types of HMA mixes

HOT MIX ASPHALT
{HMA)
Dense Graded Open Graded Gap Graded
Asphali-Treated
Asphalt Concrete Permeable Material

Large Stone

Sand Mix
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Dense-Graded Asphalt Concrete

Dense-graded asphalt concrete consists of a uniform or continuous ag-
gregate grading with an asphalt cement binder. It is also called asphaltic
concrete or bituminous concrete.

Large-Stone Mixes

By definition, a large-stone HMA mix is one that contains some coarse
aggregate that has a nominal size greater than 1 in. In essence, this mix
is still a dense-graded material but has a greater percentage of larger
size coarse aggregate in the mix.

Sand Mix

Sand mix is an agphalt mix that is made without coarse aggregaté. Typi=
cally, 100 percent of the aggregate passes the 3/8-in. (9.5-mm) sieve
and the majority of the particles also pass the No, 4 (4.75-mm) sieve.

Open-Graded Friction Course (OGFC)

An open-graded friction course is one that consists primarily of coarse
aggregate, a minimal amount of fingaggregafe, andasphalt cement
binder. The main purpose of this miXfiize i§ to providéa very pen sur-
face texture; one that will allow water to drain into the mix and that
provides a significant amount of large aggiegate (macrotexture) for con-
tact with a vehicle traveling overthe pavement surface.

Open-Graded Asphalt-Treated Perméable Material

An open-graded asphalt-freated petmeablednaterial is designed primar-

ily to allow for the passage of a large quantity of water through the mix

as quickly as possible. Thépurpose of this layer is to provide a drainage
course withinithe pavement structure.

Gap-Graded Asphalt'Mixes

A gap-graded asphalt mix is essentially the same as an open-graded
mix; however, the amount of fine aggregate incorporated into the mix is
usually greater than the amount of fine aggregate used in the open-
graded mix. The aggregate gradation in the middle-size aggregate [that
between the No. 4 (4.75-mm) and the No. 30 (600 pm) or No. 40

(425 pm) sieves] is missing or present only in small amounts.

Page 2-7
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2.2 Paving
Equipment

Source: (Reprinted with permission) Hot-Mix Asphalt Paving
Handbook, 1991, AASHTO, et al.

Batch Plants

The major components of a batch plant are the cold-feed system, as-
phalt cement supply system, aggregate dryer, mixing tower, and
emission-control system. The plant tower consists of §éveral eléments:
hot elevator, screen deck, hot bins, weigh hopper, asphalt cement weigh
bucket, and pugmill. These components are shown in Figure 2-2.

Figure 2-2. Batch plant componénis (Asphait institute)

Fourleen Major Parts:

1. Cold bins 9. Hot bins

2.Coldfeed gate  10. Weigh box 1es

3.Cold Elevator 11, Mixing unit—or pugmil | rores

4. Dryer 12, Mineral filler storage v g
5. Dust collector 43, Hot asphalt ¢ffient storage > H O
6. Exhaust stack 14, Asphalt weigh bucket

7. Hot elevator )

8. Screening unit

o A @4
b/ FO eI NN 1

The aggregale used in the mix is removed from stockpiles and placed in
individual cold-feed bins. The gathering conveyor transports the com-
binedaggregate to the charging conveyor, which carries it up to the
aggregaic dryer.

The dryer operates on a counter flow basis. The aggregate is introduced
into the dryer at the upper end and moves down the drum both by the
drum rotation (gravity flow) and by the flight configuration inside the
rotating dryer. As the aggregate is tumbled through the exhaust gases,
the material is heated and dried. The hot, dry aggregate is discharged
from the dryer at the lower end.

The hot aggregate is transported to the top of the plant mixing tower by
a bucket elevator. The aggregate is held in the hot bins until it is dis-
charged from a gate at the bottom of each bin into a weigh hopper. The
correct proportion of each aggregate is determined by weight.

R

e




e

Page 2-9

At the same time that the aggregate is being proportioned and weighed,
the asphalt cement is pumped from its storage tank to a separate weigh
bucket located on the tower just above the pugmill.

The aggregate in the weigh hopper is emptied into a twin shaft pugmill,
and the different aggregate fractions are mixed together. After this brief
dry-mix time, the asphalt cement from the weigh bucket is discharged
into the pugmill and the wet-mix time begins.

When mixing is complete, the gates on the bottom of the pugmill are
opened and the mix is discharged into the haul vehicle or into a convey-
ing device that carries the mix to a silo and eventually into the truck.

Continuous Mix Plants

The components of this type of plant include the gold-feed system, as-
phalt cement supply system, aggregate dryer, hotsbucket clevator,
screen unit, hot bins, mixing unit and holding hoppex{ and emissionigon-
trol system. (Figure 2-3) ’

The cold-feed bins are similar to thdSe used@n a bateh plant. Material is
proportioned from each bin by the size of the discharge gate opening

Figure 2-3. Confinuous-mix plant components (Asphalt Institute)

A Cold aggregate storage and feed; B Dryer; C Dustcollector; D Gradation control unit; E Mixer; F Grizzly;
G Fan; HVibrating screen; | Transfer pump; J Pugmill K Pugmill jacket; L Belt feeder; M Reciprocating feeder;
N Flights; O Collected fines; P Gates; Q Mineral filler feed; R Aggregate sample point; S Metering pump;

T Discharge Hopper.
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and deposited on the gathering conveyor. The aggregate is transferred -
to a charging conveyor for delivery to the dryer. Inside the dryer the
moisture in the combined aggregate is removed as the material is heated
from ambient temperature to the desired mixing temperature. The dried
and heated aggregate is then carried up an inclined bucket elevator to
the screen deck.

The aggregate is continuously removed from the bins, gifoportioned ac-
cording to the desired gradation in the mix, and transported to the
pugmill. The asphalt cement is kept in a storage tank and then pumped
to the mixing tower, where it is sprayed on the aggregate. The asphalt
cement, measured by volume instead of weight, 15 mixed continiously
with the aggregate as the two materials ar® moveddoward the discharge
end of the pugmill by the mixing paddles.

Because the mixing is a continuous process, @ 8mall edpacity, tempo-
rary holding hopper is provided at the discharge end of the mixer to
store the material Gntil it cafi be,delivered into a haul truck.

DrumeMix Plahis

Parallei-Flow Drum Mixer

The parallel-flowhdrum mix plant, shown in Figures 2-4 and 2-5 is a
fofm of the old-stylécontinuous mix plant. It consists of five major
¢omponents: the coldfeed system, asphalt cement supply system, drum
mixer, surge silo, and emission-control equipment.

The cold=feéd bins are used to proportion the material to the plant. The
aggregate on each feeder belt is deposited onto a gathering conveyor
that runs beneath all of the cold-feed bins. The combined material is

Figure 24, Drum mix plant components (Asphalt Institute)

Automatic Asphalt Storag o Hot-Mix Convayef' .
Weighing System Tank w 7 Mix
Cold Fegd Conveyor Nz t Surge
Cold Feed Bins " Drum Mixer Dust | 7 § Sio Controi Van
2 Coliector 2
AW WA > s B
- Asphalt Pum : : o
R
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normally passed through a scalping screen and transferred to a charging
conveyor for transport to the drum mixer. '

Figure 2-5. Parallel-flow drum mix plant (Astec)

......

Exhaust
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Hot
Mix

The conventional drum mixer is a parallel-flow(§ystem;dhé&exhaust
gases and the aggregate move in the same direction, The burner islo-
cated at the upper end (aggregate inlet end) of the drumaThe aggregale
enters the drum either from a charging chute above the buther or on a
slinger conveyor under the burner.he aggi€gate iSimoved down the
drum by a combination of gravity and by the flight configuration inside
the drum. As it travels, the aggregate ishieated and the moisture re-
moved.

The new aggregate and reclaimied material, if usedymove into the rear
half of the drum. The asphalt gément is injéeted onto the aggregate.
Mineral filler and/or baghouse fihes are alsg added into the back of the
drum, either just before, or in conjunctiondvith, the addition of the as-
phalt cement.

The asphalf fhix is deposited into a conveying device for transport to a
surge silo, The'silo Genverts the eontinuous flow of mix into a batch
flow for dischargé into the haul vehicle. :

Drum Mix Coater Plant

In the late 1980s, a number of variations to the conventional drum mix
plant were introduced to the hot-mix asphalt-paving industry. One of
these plant types is the “coater” plant. For this type of drum mixer the
asphalt cement injection pipe has been removed from the drum. The un-

- coated aggregate, which is heated and dried inside the parallel-flow

drum, is discharged into a single- or dual-shaft mixing chamber, where
it is sprayed with asphalt cement. The blending of the asphalt cement
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and the aggregate takes place as the materials move from one end of the
mixing unit to the other. When mixing is complete, the material is deliv-
ered to the device used to transport it to the silo. Figure 2-6 is an
illustration of the “coater” type of drum mix plant.

- Figure 2-6. Drum mix coater cutaway (Astec)

i, Recycle Asphalt
.Ww
wan

Virgin
Aggregate

Counter Flow Drum Mixer

A recent development in confinuous mix plant design is the counter

flow desam mixplant, As showa in Figure 2-7, the aggregate enters the
drum fromithe upper end, whereas the burner is located near the lower
end of the'drtim, similar to ifs position on a batch plant dryer. The ag-
gregate moves down the drum against the flow of the exhaust gases—in
a cafinter flow direetion. ' '

Figure 2-7{ Counter flow drum mixer components (Astec)

Recycle Asphalt Exhaust
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Liquid
Asphalt

An extension to the drum is used to provide for the mixing of the
heated and dried aggregate with the asphalt cement.




Page 2-13

P

Double Barrel Drum Mixer

The asphalt cement in this double barrel plant is introduced into the ag-
gregate after the aggregate is discharged from the inner drum into the
outer drum. As shown in Figure 2-8, blending of the two materials oc-
curs as the aggregate and asphalt cement are conveyed back uphill in
the outer drum by a set of mixing paddles attached to the inner drum.

Figure 2-8. Double barrel drum mixer (Astec)

Liguid Asphalt s
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Compaction Equipment
Static Steel Wheel Rollers

Static steel wheel rollers normdlly range in weightrom 3 to 14 tons
and have compression drums of rolls that vary in diameter from ap-
proximately 40 in. to mdte than 60hin.

Pneumatic Tire Rollers

For thi§ type of foller the compactive effort applied to the mix is a func-
tion of the wheel 10ad 6fithe machine, the tire pressure, and the tire
design (tite size afid ply rating). Rollers that are equipped with tires that
are 7.50 x 15 of Jess are not normally effective as a breakdown roller;
pneumatic tite rollers with larger-size tires should be employed. The
minimum weight of the pneumatic tire roller should be 15 tons.

The tires on the pneumatic roller will often pick up the mix when an
oversanded surface course mix or a mix with some particular additives
is being compacted.




Page 2-14

e N PSR
) I,

Vibratory Rollers

Vibratory rollers come in a variety of configurations. These rollers have
two types of compactive force that is applied to the hot-mix asphalt:
static weight and dynamic (impact) force. The compactive effort de-
rived from the static weight of the roller is caused by the Weight of the
rolls and frame. The compactive effort derived from the impact force is
produced by a rotating eccentric weight located inside thef@rum(or
drums). The elements of comparison for the dynamic £omponent 0f.a vi-
bratory roller are the magnitude of the magnitude of the centrifugal '
force, its vibrating frequency, the nominal amplitude, and the ratio of
the vibrating and nonvibrating masses acting®fl thexdrurm,

2.3 Pavement Source: (Reprinted with permission)\AASHTO Guidé for Design of
Structure Pavement Structures, 1986, AASHTO '
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Figure 2-9. Typical section for rigid or flexible pavement structure

]
|
21 :
20 I
19 18 L [ 19
31 5 8 j‘ 13 ____ i7 P
BN aa [o - 11
§ I 16 —= v
1 — —  ____ i
7 2 ] s T TTT=
|
Flexible Pavement Section ’ Rigid Pavement Section
FILL SLOPE 11—~ CUT SLOPE
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PREPARED ROADBED 15 - ROADBED SOIL
SHOULDER SURFACING 16 — PAVEMENT STRUCTURE
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SURFACE COURSE ‘ 19 - SHOQULDER o
PAVEMENT SLAB 20 - ROCADWAY ,
DITCH SLOPE 21 - ROADBED
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Composite Pavement—a pavement structure composed of an asphalt
concrete wearing surface and portland cement concrete slab; an as-
phalt concrete overlay on a PCC slab is also referred to as a
composite pavement.

Contraction Joint—a joint nomially placed at recurrent intervals in a
rigid slab to control transverse cracking.

Equivalent Single Axle Loads (ESAL’s)—summation of equivalent
18,000-pound single axle loads used to combine mixed traffic to

design traffic for the design period.

Expansion Joint—a joint located to provide for expansion of a rigid
slab, without damage to itself, adjacent slabs, or structures.

Layer Coefficient (a;, az, a3) —the empirical relationship between struc-
tural number (SN) and layer thickness which expresses the relative
ability of a material to function as a structuzéil, compenent of the
pavement.

Longitudinal Joint—a joint normally placed between traffic lanes in
- rigid pavements to control longitudinal crécKing.

Low-Volume Road—a roadway generalliSubjected to low levels of
traffic; in this Guide, structural design i8 based on atange of 18-
kip ESAL’s from 50,000 to 14000;000 for flexible and rigid
pavements, and from 10,000to 100,000 for aggregate-surfaced
roads.

Maintenance—the presérvation ofithe entiré roadway, including sur-
face, shoulders, ®0adsides, structifes, and such traffic control
devices as are necessary for its safe and efficient utilization.

Pavement Kehabilitation—waork undertaken to extend the service life
of an existing facilitys This'includes placement of additional surfac-
ing material‘and/or other work necessary to return an existing
roadway{ including shoulders, to a condition of structural or func-
tional adéguacy. '

Pavement Structiure—a combination of subbase, base course, and sur-
face course placed on a subgrade to support the traffic load and
distribute it to the roadbed.

Resilient Modulus—a measure of the modulus of elasticity of roadbed
soil or other pavement material.

P
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2.4 Pavement
Distress

Structural Number (SN)—an index number derived from an analysis
of traffic, roadbed soil conditions, and environment which may be
converted to thickness of flexible pavement layers through the use
of suitable layer coefficients related to the type of material being
used in each layer of the pavement structure.

Source: (Reprinted with permission), Distress Identification Maghal for
the Long-Term Pavement Performance Studies, 1990, SHRP

Asphalt concrete surfaced pavenient distress types

Distress Type
Cracking (Figure 2-10)

1. Alligator (Fatigue) Cracking

2. Block Ciacking

3. Edge Cracking

4, Longitudinal Cracking

5. /Reflection Cracking at Joints

6, | TransverseéCracking
Patching and Potholes

7. Patch/Patch Deterioration
8. \ Potholes :

- Surface Defofmation (Figure 2-11)

9. Rautting
10, Shoving

Surface Defects (Figure 2-12)

11. Bleeding
12. Polished Aggregate
13. Raveling and Weathering

Miscellaneous Distress

14. Lane-to-Shoulder Dropoff
15. Lane-to-Shoulder Separation
16. Water Bleeding and Pumping

P

o
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Figure 2-10. Cracking of asphalt concrete pavement

Longitudinal Cracking «

Alligator
Cracking Block Cracking
.Transverse Cracking £ Edge Cracking
Reflection Cracking
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Figure 2-11. Surface deformation of
asphalt concrete pavement
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Figure 2-12. Surface defects of asphalt concrete pavement

PolishedAggregate

Raveling and
Weathiering

Shoulder

Jointed concrete surfaced pavement distress types

Distress\Type
Cracking (Figure 2-13)

1. Caorner Breaks

2. Durability “D” Cracking
3. 'Longitudinal Cracking
4. /Transverse Cracking

Joint Deficiencies (Figure 2-14)

5. Joint Seal Damage of Transverse Joints
6. Spalling of Longitudinal Joints
7. Spalling of Transverse Joints

Surface Defects (Figure 2-15)

8. Map Cracking and Scaling
9. Polished Aggregate
10. Popouts
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Miscellaneous Distress (Figure 2-16) \

11. Blowup

12. Faulting of Transverse Joints & Cracks
13. Lane-to-Shoulder Dropoff

14, Lane-to-Shoulder Separation

15. Patch/Patch Deterioration

16. Water Bleeding and Pumping

Figure 2-13. Cracking of jointed concrete pavement

Longitudinal Cracking

/!

Durablity *D*
Cragcking

Joint

Transverse Cracking
Joint

s
PN

Shoulder

Figure 2-14. Joint deficiércies of joihited concrete pavement
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: Spalling of
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Transverse Joint

Joint Seal Damage of
Transverse Joint
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Figure 2-15. Surface defects of jointed concrete pavement.
=330
Polished Aggregate oo )
Joint
Popouts
Map Cracking and
Shoulder
Figure 2-16. Miscellaneous disiresses of jointed concrete
pavement
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Continuously reinforced concrete surfaced
pavement distress types

Distress Type
Cracking (Figure 2-17)

1. Durability “D” Cracking
2. Longitudinal Cracking
3. Transverse Cracking

Surface Defects (Figure 2-18)

4. Map Cracking and Scaling
5. Polished Aggregate
6. Popouts

Miscellaneous Distress (Figure 2-19)

7. Blowups
8. Construction Joint Deterioration
9. Lane-to-Shoulder Dropoff
10. Lane-to-Shoulder Separation
11. Patch/Patch Deterioration
12. Punchouts
13. Spalling of Longitudifial Joint
14. Water Bleeding'and Pumping

Figure 2-17. Cracking of continuously
reinforced concrete pavement

Lohgitudinal
Cracking ~

Cracking

Transverse
Cracking

Shoulder

Durability "D"
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Figure 2-18. Surface defects of continuously reinforced
- concrete pavement
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Figure 2-19. Miscellaneous défects of continuously
reinforceed concrete pavement
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Alligator Cracking—a series of small, jagged, interconnecting cracks
caused by failure of the asphalt concrete surface under repeated
traffic loading.

Bleeding—identified by a film of bituminous material on the pavement
surface that creates a shiny, glass-like, reflective surface that may
be tacky to the touch.

R,
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Block Crackirig——the occurrence of cracks that divide the asphalt sur-
face into approximately rectangular pieces, typically one square
foot or more in size.

Corner Break—a diagonal crack forming between the transverse and
longitudinal joint, which extends down through the slab, allowing
the corer to move independently from the rest of the slab.

Durability Cracking—the breakup of concrete due to freeze-thaw ex-
pansive pressures within certain aggregates.

Edge Cracking—fracture along the pavement perimeter from soil move-
ment beneath the pavement.

Map Cracking—a series of interconnected hairline cracks that extend
only into the upper surface of a concrete slab.

Polished Aggregate—surface mortar and texturing worn away to €x-
pose coarse aggregate in the concrete, whichhis now glessy in
appearance and smooth to the touch.

Popouts—small pieces of pavement broken loose from the, surface.

P

Pothole—a bowl-shaped depression i thé pavementisurface.

Pumping—the ejection of water and fine materials under pressure
through cracks under movingl6ads.

Punchout—a localized area ¢f the slab thatfis broken into pieces. Ag-
gregate interlock isdest, leading to steél rupture, and allowing the
pieces to be punched down ihto the subbase and subgrade.

Raveling—the wearing away of the pavement surface caused by the dis-
lodging of aggregate particles.

Reflection Cracking—the fracture of asphalt concrete above cracks or
joint, in thé underlying pavement layer(s).

Rutting—the occurrence of longitudinal surface depressions in the
wheel paths.

Shoving—perianent, longitudinal displacement of a localized area of
the pavement surface caused by traffic pushing against the pave-
ment.

P,

Spalling—-chipping of the slab surface within 2 ft. of a joint or crack.
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2.5 Asphalt
Additives

Source: (Reprinted with permission), Using Additives and Modifiers in
Hot Mix Asphalt (Part A), 1988, NAPA

There are numerous ways that one could sort out the various additives
and modifiers into an orderly presentation. The NAPA Quality Improve-
ment Committee has adopted an overall classification that was first
suggested by Terrel and Walter. A version of this classificatiohyis
shown in the following table.

Generic classification of asphalt modifiers

Type Examples
1. Filler Mingral filler: 4 crusher fines
lime
portland cement
fly dsh
Garbon black
Sulfur
2. Extender Sulfur
Lignin
3. Rubber Natural rubber
adNatural latex Styrene-butadiene or SBR
b. Synithetic latex g Styrene-butadiene-styrene or SBS
¢. Block eapolymer iy |Recycled tires
d. Reclaimed rubber §
4. Plastic O |Polyethylene
Q. |Polypropylena
Ethyl-vinyl-acetate, EVA
Polyvinyl chloride, PVC
5. Combination Blends of polymers in 3 & 4
6. Fiber Natural: Asbestos
' Rock Wool
Man-made: Polypropylene
Polyester
Fiberglass
7. Oxidant Manganese salts
8. Antioxidant ' Lead compounds
Carbon
Calcium salts
8. Hydrocarbon Recycling and rejuvenating oils
Hardening and natural asphalis
10. Antistrip Amines
Lime
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Filler

Mineral fillers include mineral dust from the screening and crushing of
aggregates, and from fly ash, portland cement and lime. Other materials
such as sulfur and carbon black have been used more recently to im-
prove mixtures, and may not be strictly mineral fillers, but perhaps have
special binding qualities in addition to the role of filler. These materials
have traditionally been used in HMA for the purpose of providing stiff-
ening or reinforcement to the binder as well as “filling in” the voids in
the aggregate matrix.

Extender

Some materials such as sulfur and lignin have been used to “extend”

the asphalt cement by substitution or partial replacement within the mix-
ture. The intent is often to replace some of the asphalt cement with a
material that is less costly, but also has binding qualities in itself'0in
combination with asphalt cement. Further, some extender materials may
provide other benefits such as reduced oxidation rates.

Polymer

Substances made of giant moleculés formed by théwnion of 8imple -
molecules (monomers); for example polymerization of ethylene forms a
polyethylene chain.

Rubber

The group of rubbers (also called elastomérs) includes both natural and
synthetic rubber in vari®us forms such as latex and reclaimed rubber
from tires. These materials, when Stretched at room temperature, will
snap back to their original shape and'size upon release.

Latex

Milky colloid ingviiich namral or synthetic rubber or plastic is sus-
pended 11 watér,

Plastic

This term is usually applied to those polymeric materials that can be
made to flow under stress. Plastics are usually thermoset materials,
meaning that they can be heated and will flow under stress, but once
cooled, cannot be re-softened by heat.

Page 2-25
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Fibers

Natural, synthetic and steel fibers have all been used in HMA. The
usual approach is to incorporate very fine, short fibers into the binder
(usually conventional asphalt cement) or mixture, depending upon its
form, chemistry, and intended function. The fibers provide some rein-
forcement, but also provide a finely divided material with'a high
surface area that permits the application of thicker than nesmal films of
asphalt cement on the aggregate.

Oxidants

The term “catalyst” could also be applied tg'this grotp becauséthe in-
tent is to accelerate stiffening or hardening of the hinder, Thus, the
effect is similar to oxidative hardening, but the éh€mical thechanism
may be different. These materials pfovide @ sfiucturing/hat is intended
to overcome such phenomena as tendétness, tutfingg@nd shoving.

Antioxidants

These materials retard the éffect of oxidative hardening of asphalt ce-
ment. Throughout the constziétion process and during the service life
of a paVement ghere'is eontinuingaging in progress. The oxidation proc-
ess tends ultimately to stiffen the'asphalt cement to the point of
brittleness. Small amounts of antioxidants are used to slow down this
phenomenon.

Hydrocarbons

This\broad term @s used here is intended to include materials that are
added to,asphdlt binders or mixtures to soften or rejuvenate the asphalt
cement.

Antistrips

Some aggregate-asphalt cement combinations perform very well while
others have stripping problems. Some chemical materials improve the
adhesion between asphalt cement and aggregate when moisture is pre-
sent. Small amounts of chemicals such as amines or lime, added to the
asphalt binder or aggregate or mixture, often tend to reduce stripping.

ZoN
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Source: State of the Practice—Crumb Rubber Modifier,
1992, FHWA

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 retread-
ing.

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

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

Cryogenic—process that freezes the scrap tire rubber and crushesthe
rubber to the desired particle size. ‘

Diluent—a lighter petroleum produch(typically kerosene) added to as-
phalt rubber binder just before the binder is spray applied to the
pavement surface.

Dry Process—any method thdt mixes the crumbuyubber modifier with
the aggregate before the mixture is cliisged with asphalt binder.
This process onlyaplies to hot mix asphalt production.

Extender oil—an dromatic oil used t6'8upplement the asphalt/crumb
rubber modifier réaction.

Granulated CRM-—cubical, uhiformly shaped, cut crumb rubber parti-
cle with a low surfage area which are generally produced by a
granulatof.

Granulator—-process that shears apart the scrap tire rubber, cutting the
rubber with revolving steel plates that pass at close tolerance, re-
ducing the'size of the rubber to a crumb particle (generally
9.5-millimeter to 2.00-millimeter (3/8-inch to No.10) sieve).

Ground CRM—irregularly shaped torn crumb rubber particles with a
large surface area which are generally produced by a crackermill.

2.6 Scrap Tire
Rubber
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Micro-mill—process that further reduces a crumb rubber to a very fine
ground particle, 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, mor€_appropriately
defined as polymer swell, is not a “chemical reaction. Ifis the ab-
sorption of aromatic oils from the asphalt cement intogthe polymer
chains of the crumb rubber.

Rubber Aggregate—Crumb rubber modifier added to hot'mix asphalt
mixture using the dry process which retainssits,physicalshape and
rigidity. :

Rubber Modified Hot Mix Asphalt (RUMAC)—<hot mix asphalt mix-
~ tures which incorporate crumb fubber modifier primarily as rubber
aggregate. :

Shredding—process that reduceSscrap tiés to pieces 0.15 meter (6
inches) square and gihaller.

Stress Absorbing Membrane (SAM)—A surface treatment using an as-
phélbrubbet spray applicatiomand cover aggregate.

Stress Absorbing Membrane Interlayer (SAMI)—a membrane beneath
an overlay désigned to resist the stress/strain of reflective cracks
and delay the prepagation of the crack through the new overlay.
The membrane 1§ 0ften a spray application of asphalt rubber
binder and'¢over aggregate.

Wet Proeess—<any method that blends crumb rubber modifier with the
asphalt cement prior to incorporating the binder in the asphalt pav-
ing project.

S,
; %
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Figure 2-20. The relationship of crumb rubber
modifier terminology
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There are four (4) processes for producing CRM.

e Ambient Grinding (/4 to 40 mesh)
Ambient Granulating (Y4* to 30 mesh)
e Cryogenic Grinding (¥4* to 100 mesh)
Wet Grinding (40 mesh to 100 mesh)

There are several types of raw material.

'« Whole péésenger and truck tires

e Tread peel from over the road vehicles

- o Buffings generated as a byproduct of the retreading process

Note:

tion

Off road and airplane tires are not generally used for thigapplicas

Tires can be chemically analyzed by ASTM standaiids to define their
composition. Analysis is performed for sevenal constituénts, |

~® Acetone Extract ¢ Rubber Hydrocarbons_
* Ash o Natufal Rubber
e Carbon Black & ‘Mogisture (external)

There is no ASTM standard for sieveanalysis and bénce no industry

- wide procedure. An ASTM standard has been proposed and this

~ detect and prevent probléms. with the end product Items to be |

paper contains a version of that proposal.

A quality contyal Jab utilizing stafistical analysis is essential to

" checked and eoncerned about are:

High Ash Content

o IncorrechbRubber Feed Stock
¢ High Moisture Centent

e Incofrect Particle Distribution

Packaging can be accomplished in several manners.

e 50# Paper Bags e 1000-2000# Gaylords
e 25-50# Poly Bags e 2200# Super Sacks
e 15-20,000# Bulk Dump Trucks

3.1 Executive
Summary
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3.2 introduction

10.

Pricing for CRM varies depending on logistics, volumes, packaging
and particle size.

e 4“Material ($0.10-0.22/#)
e 10 Mesh Material ($0.10-024/#)
* 30/40 Mesh Material ($0.17-0.354)
¢ 80 Mesh Material (50.30-0.4554%)

Ground rubber is currently being used in a wide Variety of applica-
tions.

e Tires o Athlefic' & SpecialtyiSurfaces
o Plastics e Brakes
e Bound Systems e Agphalt

Industry sources and capacities are detailed below.

e 2-3 billiondires canseurrently be found in landfills and
stockpiles across the US.

¢ Americans gererdie approximately 250 million waste tires
every year

9o CRM méinufaeturers produced an estimated 160 million
pounds of material in 1992

¢ Production capacityof the industry is approximately 50-100
percent greater than the 1992 demand

& 80percenbof the current industry volume is being produced by
five or six manufacturers

e Approkimately 230 million pounds of buffings are being
produced annually, 120 million of which is currently being
proceésed

Tire exchange programs can be set up to transport a specific
city/county/State’s waste tires to a CRM manufacturer. In exchange,
a like amount of CRM would be returned to the region for use in
asphalt paving projects.

The purpose of this paper is to describe the general methods of produc-
ing crumb rubber modifier (CRM) material, the important technical and
quality assurance/control aspects, and some of the commercial consid-
erations such as price, shipping, etc.

The first section of the report will deal with the main processes used to
produce CRM. This will be followed by a description of the technical

e
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considerations including particle size, chemical analysis, types of raw
materials, and the quality assurance/control considerations. Finally, a
section on the commercial aspects will be presented.

Process

There are several ways of producing CRM material depending on the
desired end product mesh size and configuration. The most common
ways are:

Ambient grinding ¥4* to 40 mesh
Ambient granulating %4* to 40 mesh
Cryogenic Grinding %4* to 100 mesh
Wet Grinding 40 mesh to 100 mesh

Each of these processes has its advantages andidisadvantages in terms
of economics and particle size di§tributiofis.

Raw Matérial

Each of the above processes réquires a basi¢ feed stock of tires, tire
parts or other types of Surplus rubber matéerial. A detailed description of
these materials is given in the technigal®portion of this paper. The focus
of this paper is on tires. The tire feed stocks are basically in the form of
buffingsptread rubber pieces/chunks or shredded whole tire chips from

1 to several ifighes in size.

Buffings are pfoduced when tires are prepared for retreading. The result-
ing particles are of various sizes from very small to long thin strips. The
bulk of th¢ particles are acicular in shape and may be about %4 to 1"
long. The exact configuration depends on the buffing method. There is
essentially ng metal or fiber in this material.

In some operations larger pieces of tread rubber result. For example,
they may be in long strips or in larger but elongated chunks. Often this
is called tread peel. There is little or no tire cord, although sometimes
the peeling operation may cut into the cord material in the tread area.
This is not intentional.
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Whole tires are processed in many different ways. A common method
is to run the whole tire through a shredder of some type, then through a
chopper or granulator to reduce the material to a suitable size feed stock
of about 14 to 3" size. It is common to cut up the tire bead and all other
parts of the tire together. In some operations the bead is rémoved first
and disposed of in various ways. During these preliminary Stages some
wire and fabric is removed.

Basic Screening

In some instances, when processing buffings, grinding isfiot required.
For example, if the desired end product is 0f a goarse enough mesh size,
the particles only need to be classified into relatively laige particle
sizes; thus, only screening is required: However, these products are not
generally used in agphalt paying products,

Ambient Grindifigand Granulating

The ambientigrinding/granulating process is usually accomplished by
cracker mills'or granulators."All size reduction takes place at room tem-
peratui® The actual particle reduction is accomplished by a tearing or
shéaring action. This ereates a particle with a rough surface, perhaps de-
s¢ribed as spongy. A ‘schematic of a typical cracker mill grinding
system appears in Figure 3-1.
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Figure 3-1. Basic ambient tire grinding process

RAW MATERIAL

— = RECLAIMER~—

L

FABRIC SEPARATOR
BALER
i ——
MILL BAGGING ——= SHIPPING
NOTE: SCREENER—++=SAFETY SCREENER
MAGNETS ARE USED
THROUGHOUT THE PROCESS 12/22/02 M254

The ambient process consists of a series of crackermills or granulators,
screeners, conveyors and various types 0f magnets to féimove any steel
wire or other steel particles if thesmaterial Starts out as whole tire
chunks. A fabric removal system is also requiréd. In addition, there
may also be stone removal ¢quipment in the overdll system.

This process is very éfficient fonthe production of the coarser mesh
products and usuallyresults in the lowest cost for coarser than 50 mesh
materials.

Cryogenic Grinding

In this process the rubberis cooled by the use of liquid nitrogen, often
called LIN{ This causes the rubber to become very brittle and it, in turn,
is easily fractured in a hammer mill. Reportedly the surface is very
“clean faceted” and, thus, has much less surface area than ambiently
ground material. A schematic of a basic cryogenic grinding process ap-
pears in Figure 3-2. This process consists of a pre-cooler to chill the
material, a grinder, appropriate screens and conveyors and steel and fi-
ber separation systems.
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Figure 3-2. Basic cryo grinding system
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Wet/Sténe Grinding

In this processd toarse CRM is placed in a wet slurry and is ground be-
tween grinding stones, producing a particle that may be similar to an
ambient ground material. A schematic of a basic stone grinding system
appears 11 Figure 3-3"7. Before the material is processed in the wet
grinding system it must be reduced in size using another process as
stated above, typically ambient grinding. The wet grind process re-
quires a very effective drying system which is not required for the other
two processes, ambient and cryogenic.
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Figure 3-3. Basic wet grinding system
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3.3 Technical

3.3.1 Raw Material

Production of recycled rubbef involves reducing scrap rubber to a de-
Types

sired particle size distribution. A properly’designed product will have a
distribution based on the end usage of that product. There are several
different types of ground rubbesproducts based on the parent rubber
from which it was'dérived. The type@f ground rubber produced is lim-
ited only by these parénbcompounds in the raw materials used. The
mo§t comimon types used i rubber compounding and other applica-
tions may besitiply classifiedhinto the following general categories:

Over the Roail Tire Rubber

1. Whole tire ground rubber is prepared from over the road tires
(including the carcass, sidewall, tread, and bead) from which the
fiber 'and metal have been removed and/or from whole tire
buffings generated in the retreading process that grinds or “buffs”
the sidewalls as well as the tread. The rubber is then ground to
the desired particle size distribution. Some common examples of
P these are 10, 12, and 10/20 mesh products.

T T T T S A A 5 B S R LSS ST s 08 T
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3.3.2 Chemical
Composition

2. Tread ground rubber is prepared from truck, bus, and/or passen-
ger treads in the form of peelings (peel) and/or by utilizing buffing
particles generated from over the road tire retreading operations.
The material is then processed to desired particle sizes. Some
common examples of these are 10, 20, 30, and 80 tnesh products.

Non-Over the Road Tire Rubber

1. Specialty polymer ground rubber is prepared frOm materials other
than tires. Examples are: Neoprene (CR), Nitrile Elastomer
(NBR), Styrene-Butadiene (SBR), Ethylene Propylene Rubber
(EPDM).

2. Airplane/off-road tire ground rubber isdpreparéd from airplane
tires or tires for on road usefsuch'ash€avy equipment tires. The
airplane tire rubber typically @omes i the formi'of buffings. Both
of these tire types can have chemical contents significantly dif-
ferent fror Ower thé foad tires.

For the purposes®f this presentation we will discuss the chemical com- e,
position of ground rubbenbased on'two major groupings, over the road :
tire rubber and non-over theroad tire rubber. This grouping is impor-

tant to asphalt applications because in general these applications have
beengitedominantly limited to over the road tire rubber (i.e. CRM).

Non-over the rdad tire rubber is produced from the raw material men-
tioned previously in the specialty polymer classification or from
airplahe/off rodd tires. This material will typically show different re-
sults from those obtained for over the road tire rubber in the testing
areas of acetone extract, ash, carbon black, rubber hydrocarbon. This
difference in results can be used by suppliers and users to evaluate mate-
rial® when attempting to determine whether or not a correct source of
raw material (i.e., over the road tire rubber) was used. It can also be
used to a limited degree to check finished product for possible contami-
nation even when the correct raw material has been used. These
materials, when tested in the same manner as over the road tire rubber,
yield results different from those described later in this presentation.

Chemical Identification of Recycled Tire Rubber

The chemical identification of components in recycled over the road

tire rubber (herein after referred to simply as tire rubber) and other g
types of CRM involves the application of testing methods described in
ASTM standards D297[2], “Standard Test Methods for Rubber Prod-
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ucts—Chemical Analysis” and D3677[3], “Standard Test Methods for
Rubber—Identification by Infrared Spectrophotometry.” These meth-
ods are designed to identify chemical components in a rubber
compound, and are widely used in recycled tire rubber analysis. It is a
common practice that only some components, which are most impor-
tant for the application purposes, are tested. It is common to test for
acetone extract, ash, carbon black, rubber hydrocarbon and natural
rubber. These parameters are expressed as the welght percentage of the
tested sample.

An additional test result of importance to the asphalt application is mois-
ture content (i.e., loss on heating). Since the moisture is not a part of the
compound but is found on the recycled rubber, it will typically be ligted
in a specification with an upper limit between 0.5 percent and 0.75 per-
cent. Because the moisture is not a part of the compound it is ot listed
in the discussion in this section. Potential problems from excessive
moisture are discussed later.

Description of Testing Methods

Industry test methods have been developed from ASTM (€8t methods, with
varying degrees of modifications. Medificatiéns have been méde to create
the most practical test methods for our laboratories while retaining a high
degree of repeatability and reproducibility. These testing methods for tire
rubber analysis are listed briefly as follows:

A. Acetone Extraction Test

This test method coverfthe deétermination/of the percentage of acetone
extract, which is a measure of thélamount of oils used in the tire rubber
compound. By acetone extraction we mcan that the acetone removes
mineral oils or waxes, {1€g sulfur, acetone-soluble plasticizers, process-
ing aids, acétone-soluble antioxidants and organic accelerators or their
decomposition products, and faity acids from the tire rubber compound.
It also'may reméve pait ofbituminous substances, high molecular mass
hydrocatbend and soaps.

A brief deseription of the experimental procedure for the acetone extrac-
tion test is as follows: A weighed specimen of approximately 2 grams is
placed in a filter paper and the filter paper is folded to make a sample to
fit the extraction cup (a thimble). The sample is placed in the thimble
and the thimble into a condenser. The sample is extracted for 16 hours
to obtain the acetone extraction solution, in which the processing oils
and other acetone soluble materials are dissolved. The acetone is evapo-




PAGE 3-12

rated off over a hot plate to obtain the weight of acetone extract. The
percentage of acetone extract is calculated as:

Acetone extract % = (grams of extract/grams of sample) x 100
B. Ash Content Test

The ash content test covers the determination of the amouit of mers
ganic fillers such as zinc oxide, clays, and other foreign'€ontaminants
such as dirt and metals in recycled tire rubber. A weighed specimen of
approximately 2 grams is placed in a crucible and ashed or burned in/a
muffle furnace set at 750 degrees C and allow@d 1o tunhfor eighthors
(overnight). The mass of residue in the crugible repreSents the ash con-
tent. The percentage of ash content is calculated as:

Ash content % = (grams of ash/gtams ol ample) x 100
C. Carbon Black Teft(Nitricheid Digestion Test Method)

This carbon black test niethed covers the @étérmination of carbon black
in tire rubber by a nitric acid digestion/oxidation method. The principle
of this method is4hat fire rubber is digested in hot nitric acid and oxi-
dized into fragments soluble in water, The carbon and the acid insoluble
fillers are filtéred off, washed, dried, and weighed. The carbon is then
burned off and the loss of mass represents carbon black. The percentage
of carbibn Black 18 calculated as:

Carbon blagk % =(grams of carbon black/grams of sample) x 100
D. Determination of Rubber Hydrocarbon Content

The rubber hydrocarbon content (RHC) refers to the percentage of

high molecular weight polymers such as vulcanized natural

rubber (NR), synthetic natural rubber (polyisoprene or IR), polystyrene-
butadiene (SBR), polybutadiene (BR) and butyl rubber (IIR) that is
insoluble in acetone. Symbolically, this can be represented as

RHC =NR + SBR + R + etc. It can be determined by using the follow-
ing calculation formula:

RHC% = 100% — ash% - acetone extract% — carbon black%
E. Natural Rubber Test

Two methods for the natural rubber test are described in ASTM D297,
“Standard Test Methods for Rubber Products—Chemical Analysis” and
in D3677[3], “Standard Test Methods for Rubber—Identification by In-
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frared Spectrophotometry,” respectively. In ASTM D297, the principle
for testing natural rubber and/or synthetic natural rubber (polyisoprene)
is to digest/oxidize the rubber compound in chromic acid. The double
bonds in the rubber polymer are oxidized into acetic acid. The acetic
acid formed is separated by distillation and determined by titration of
distillate after carbon dioxide has been removed by aeration. The natu-
ral rubber content is calculated based on the quantitative oxidation of
polyisoprene.

This test method has a significant limitation when used for polymer de-
termination in the testing of tire rubber. Tire rubber usually contains
more than one double bond polymer, such as natural rubber, polybuiddi-
ene, polystyrene-butadiene, and butyl rubber, although not necessarily
limited to just these. The limitation is that when natural rubber, polybu-
tadiene, polystyrene-butadiene and/or butyl rubber, in any combination,
coexist in a rubber compound at the same time, the results do notireflect
the actual natural rubber content correctly. This is due,to the probable
oxidation of all double bonds in the polymer System. 17§ bxidation test-
ing method detects but cannot differentiate naturabyxubber from vther
double bond polymers. In this situation, we think that the natural rubber
test method described in ASTM standard D29%,is not appropriate for
tire rubber compounds analysis forthe determination of actual natural
rubber content.

The testing method for naturalsubber contént described in ASTM stand-
ard D3677 is more appropridte Tor recycled tite, rubber compounds.
“Standard Test Methods for Rubber—Idehtification by Infrared Spectro-
photometry” describedsin ASTM standard D3677 involves the use of an
infrared spectrometer and the examinatign of infrared absorption dia-
grams of rubber filths or pyrolysis pioducts (pyrolyzates). Comparisons
between the infrared @bsorption values of characteristic bonds and
gréups forknown standardsamples and the unknown rubber sample
lead to the natufal rubber content determination. The methods can also
be usedito identify othénpolymers such as polybutadiene, polystyrene-
butadieéne an@ butyl rubber, etc..

CRM Chemical Composition

Tire rubber i§ primarily a composite of a number of blends of natural
rubber, synthetic rubber, carbon black and other additives. Tire rubber,
fiber, and steel belting comprise the key elements of today’s tire. Vari-
ous parts of the tire construction (see Figure 3-4) require specific rubber
properties, i.e., flexible side walls, abrasion resistant tread, etc. These
various parts of the tire contain rubber with different amounts of natural
and synthetic components. Natural rubber provides elastic properties
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while synthetic rubbers improve the compound’s thermal stability. In
addition, there are also differences between types of tires such as pas-
senger tire/light truck tire and heavy truck tire. The composition of
CRM depends not only on the original chemistry of tire rubber, but also
on the source of the discarded tires. When dealing with régyeled tire
rubber, the contamination by foreign objects, such as stone, Sand, clay,
fiber and even metals, exists. These foreign objects may affeetf the,.com-
position and quality of the CRM.

Figure 3-4. Typical tire cross=Séetion

TR,
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Producers have used chemical analysis of tire rubber for many years as
aneffective means of quality control. A large number of test results
have been accumulated and a database of the chemical analysis data has
been compiled. In Table 3-1 are listed chemical compositions for tire
tread rubber from passenger/light truck tires. In Table 3-2 are listed
chemical compositions for tire tread rubber from heavy truck tires. In
Table 3-3 are listed chemical compositions for whole tire rubber from
whole tires, a combination of passenger/light truck tires and heavy
truck tires.

The data in Table 3-1 through Table 3-4 is based on the statistical analy-
sis of test results collected by Baker Rubber, Inc. The tables are based e
on a recent year in a database of chemical analysis of the recycled tire _
stream for passenger/light truck tread tire rubber, heavy truck tread tire
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rubber and whole tire rubber. The mean value can be viewed as a typi-
cal value. The standard deviation provides a basis for estimation of
variation in tire rubber composition and testing procedures. The maxi-
mum and minimum values obtained during testing determine the
possible range of composition variation.

With the data listed in these four tables, a general knowledge of chemi-

cal composition of CRM is presented. Comparing these data, we found -

that acetone extract for passenger/light truck tread rubber is higher than
that for heavy truck tread rubber and whole tire rubber. The rubber hy-
drocarbon content for passenger/light truck tread rubber is lower than
that for heavy truck tread rubber and whole tire rubber. Data for natual
rubber test results have intentionally been omitted for previously dis
cussed reasons with regard to lack of reliability of ASTM D297 test
results to yield polymer identification information. Until more defini<
tive studies are completed this data should provide a reasonable
estimate of chemical analysis for CRM fromdhe general recycled tire
stream.

Table 3-1. Chemical éompositiqns for passenger/
light truck tredd rubber

Standard
Composition Meand(%) deviation{(%) Min. (%) Max. (%)
Acetone extract 17.2 1.12 15.5 19.1
Ash 4.81 0.51 39 54
Carbon black 32.7 172 30.4 355
Rubber hydrocarbon 428 1.45 415 444
Table 3-2. Chemical compositions for
heavy truck tread rubber
Standa(d
Composition Mean (%) deviation (%) Min. (%) Max. (%)
Acstone extract 114 1.1 100 16.1
Ash 5.1 0.54 37 6.6
Carbon black 33.2 1.45 30.0 36.9
Rubber hydrocarbon 50.2 2,01 450 54.9
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3.3.3 Sieve Analysis
Procedure

Table 3-3. Chemical compositions for whole tire rubber

Standard
Composition Mean (%) deviation (%) Min. (%) Max. (%)
Acstone extract 15.1 1.33 13.1 - 175
Ash 50 0.60 40 6.1
Carbon black 320 1.03 30.5 33.2
Rubber hydrocarbon 47.9 1.33 4419 497

Table 3-4. Chemical compositions—comparisgh of means

Passenger/
light truck Heayy truck Whole tire
Chemical tread rubber | traad rubber rubber
composition (%) (%) (%) Range (%)

Acetone extract 172 144 15.1 58
Ash 48 5.1 50 0.29
Carbon blagk 327 33.2 32.0 1.2
Rubber hydrocarbon 42.9 50.2 47.8 7.3

Particle size, pafticle shape, and particle size distribution of CRM mate-
rial§ may affect their handling, processing characteristics, and
applications.! Therefore, how to analyze and characterize the particle
size distribution of the CRM is obviously important for the rubber recy-
gling industry and for their customers. Many methods>® have been
developed for particle size analysis. Sieving is probably the easiest and
certainly the most popular method of 1particlc size analysis. Several
ASTM standards for sieve analysis'>"* can be found. However, these
ASTM standards are not designed specifically for CRM or other forms
of ground rubber materials. They are not appropriate to use in the parti-
cle size analysis of these materials because the particles develop or
contain static electrical charges during the sieving process. A univer-
sally accepted standard for particle size analysis by the producers or
users of ground rubber products such as CRM does not exist now.

Several of the suppliers of CRM have long been engaged in the manu-
facture of ground rubber products. During the many years of this
commitment, they have obtained considerable experience in the field.
Systematic and renewable techniques for particle size characterization

AR,
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of ground rubber products like CRM using sieve analysis have been de-
veloped in the laboratory. These characterization techniques are based
on adopting as much of existing ASTM procedures as possible where
appropriate, and are supported by statistical analysis. In this paper we
will introduce a developed particle size characterization technique—
sieve analysis for ground rubber products—to help the producers or
users to become familiar with this workable method. This procedure
covers the determination of the particle size distribution of ground rub-
ber products.

Recommended Sieve Analysis Procedure

According to the discussion above, we have developed a sieve analysis
procedure. The recommended procedure is as follows:

A. Apparatus

1. Ro-Tap Sieve Shaker (Model 8, C.E. Tyler)—dammechanically
operated sieve shaker as described in ASTM D15F1 and \de-
scribed in “Testing Sieves and Their Uses® Bandbook'®

2. Sievlegs—U.S. Standard Sieves canformingto ASTM Specification
Ell :

Bottom Receiver Pan and Top Sieve Cover
Scale with a sensitivity of 0.1 gram

Soft Brush

SN AW

-Jar, capacity of one pintwith'large opening

- 7. Rubber balls withhl.5 inch diameter, enough for two balls per
\ screen

B, Proceduré

1. Select test screens appropriate to the particle size distribution of
the individual sample being tested.

2. Clean screens with brush, making sure all particles are removed.

3. Stack test screens in order of increasing mesh size with smallest
number (coarsest sieve) on top, and largest number (finest sieve)
on bottom.

4. Add bottom receiver pan to stack.
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. Prepare 100.0 grams of sample as follows:

5.1. Weigh 100.0 grams of ground rubber sample.

5.2. Weigh 5 grams of talc for products designaied coarser
than 50 mesh, and 25 grams of talc for producisidesig-
nated 50 mesh or finer (this will yield a totalifinal sample
weight of 105.0 or 125.0 grams).

5.3. Add the talc to sample, and mix thoroughly by placing

talc and sample in a pint size jargfidshake bBhhand wniil
particle agglomerates are brgken, and talc is uniformly
mixed (for a minimum of 1 minute).

. Introduce the above prepared sample into the top sieve pan and

place the sieve cover on the stack.

. Place the stack in the Ro=Tap Sieve Shaker.

. Activate the Ro-Tap\Sieve Shaker. jor 10 minutes for products

designatedeearser than 50 mesh, and for 45 minutes for products
designated 50 mesh or finer. '

. After Ro-Tap Sieve Shaker completes the appropriate cycle,

remove stack.

10. Starting, with the top sieve and taring the weighing dish to

account for its weight, remove the screened fraction by gently
tapping ils contents to one side, pouring the contents on the scale,
anda€cording its weight to the nearest 0.1 gram. Repeat this
procedure for each pan.

11. Any material adhering to the bottom of the screen shall be

brushed into the next finer screen.

12. As a Quality Assurance measure, the sum of the weights of each

Jfraction shall not be less than the original weight of the rubber
sample plus 70.0 percent of the talc added, or greater than the
original weight of the rubber sample plus 100.0 percent of the
talc added. Repeat the test if either of these conditions occur.

13. To calculate the weight of the contents of the bottom pan, empty

its contents on the scale and record. Sum total weight of the
contents of each sieve tray including the bottom pan and subtract
100. The remainder is to be subtracted from the bottom pan

.

e
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contents. This is the adjusted bottom pan contents weight, ac-
counting for the talc used.

Experiments were performed and the results obtained by using different
sieve analysis procedures and sieving conditions were compared. Based
on the experimental data and industry experience, it was found that the
results of the sieve analysis are subject to the choice of screens, the
weight of the samples, the use of an antistatic agent, and the cycle time
of the mechanical shaker device. The elimination of error sources is im-
portant to get true information on particle size distribution. For particle
size designations of 35 mesh CRM or coarser, 100 grams of sample
mixed with 5 grams of talc and a 10 minute cycle time of the Ro-Tap
Sieve Shaker gives the best sieve analysis results. For a 40 mesh prod-
uct, 100 grams of sample mixed with 15 grams of talc and a 10dminute
cycle time of the shaker gives the most dependable data. The use of rub-
ber balls has very little influence on the experimental results for'these
products with mesh size designations coarserdhian 50 mfiesh.

For reproducibility of sieve analysis procedures for ©RM products with
a designated mesh size smaller than 40 mesh, additionabtalc, ro-tap

P sieve shaker time and use of rubber balls isfieeded. For finer than 40

‘ mesh products, 100 grams of samplémixed with 25 grams of talc and a
45 minute cycle time of the Ro-tap shaker with twotubber balls, such
as Rotex balls, on each sieve screen is reguired. The balls'must be small
enough in diameter to allow freédofiof movement on the sieve screen
during the sieving process.

Product Designation Based on Particle Distribution

This procedure is Uis€d, among othefi€asons, for the purpose of assign-
ing a product mesh size designation. The product mesh size designation
will be Based on the first sieve which allows an upper limit specifica-
tion'withinthe fange of 5.0 pércent to 10.0 percent on that sieve. Each
product so designated will also have a sieve with a designated larger
screen Opening size on wiiich no percent retention is allowed. Addi-
tional screéns up to a total of six screens (including these two previous)
can be specified as agreed to between the vendor and customer to ob-
tain a particular particle size distribution. For example: a material with
no percentage retained allowed by specification on the 20 sieve and
from 0.0 percent to 5.0 percent retained allowed on the 30 sieve would
be classified as a 30 mesh product. Table 3-5 shows several typical clas-
sifications of products by particle size designations according to the
e above definition.
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Table 3-5. Typical product designations for 10 mesh,
30 mesh, and 40 mesh Iin percent retained

Whole tire Tread rubber 304}, Tread rubber
Sieve sizes 10 mesh mesh 40 mesh
8 0.0
10 0.0-5.0
16 25.0-Open
20 0.0 0.0
30 0:0-5.0 0.0-1.0
40 25.0-50.0 0.0-10.0
50 20.0485.0
60 25.0-Open
~ PAN Open Opend Open

Shown as percent retained opfidividual siaves,

3.3.4 Surface Currentl§, the inipact ofithe type of processing on the surface charac-

Characteristics teristics of the ©RM rubbenare unknown. For example, material that is
produced through cryogenie grinding is assumed to be “clean faceted.”
Material that 18 ambiently ground is assumed to be rough surfaced. One -
of thé problems withithese generalities comes from the possibility of
more than one process being used on the material. For example, a prod-
uct that goes through rough particle size reduction by ambient grinding
followed by crydgenic grinding will likely display both of the pre-
viously descriied types of surface characteristics. Some research is
being conducted at this time to attempt to more adequately define the
surface characteristics of CRM produced by different methods.

3.3.5 Quality
Procedures Supplier Quality Assurance Audits

A standard practice for assuring the quality of incoming raw materials

is to perform a supplier audit. This is also recommended for the CRM
user as a quality procedure to ensure the incoming quality of the CRM
purchased. The purpose of the audit is to verify that the supplier (i.e.,
the CRM producer) has the necessary controls in place to produce the
CRM. During the audit such things as quality control procedures for the
process and testing areas, shipping and release procedures, and non-con-
forming material identification, segregation, and disposition need to be
verified. Discrepancies, if any, would be noted and corrective action
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procedures implemented to prevent users from receiving discrepant ma-
terial. ’

Testing and Certification

Written procedures for the testing of chemical and physical properties
need to be established and in use. They should be collected into a man-
ual that is readily available to those performing the testing, and upon
request, to customers and auditors. Appropriate information regarding
the method for the recording of the results should be included. Distribu-
tion of these results is made in the form of either Certification of
Compliance or Certification of Analysis, depending on the require-
ments of the customer. These certifications are kept on file and also
distributed to the customer in a manner and at intervals agreed upon be-
tween the customer and producer.

Statistical Analysis

Data should be compiled regarding particle size disfribution {or per-
forming statistical analyses to determine the consistéfiéy of the process
in manufacturing the CRM. Basic statistical calculations are performed
from this data, such as the mean,fange, aid standard deviation. These
calculations provide information on Within lot, lot {0 let, and between
production site variation. Additional statistical analysi§ ean be per-
formed as deemed necessary by the.producesand/or the user to provide
such information as process cdpabilities or other product related infor-
mation. This data is then coripiled and reperted abintervals and in such
a manner as agreed to betwegen the user and producer. This may include
such things as X-bar and R conttel charts/histograms, or process capa-
bility summary repOrts.

Labératory Quality Assurance

It is necessary to haveprocedures in place to assure that the laboratory
test results areeliable. This requires procedures that document test re-
sults, chemicals used and their sources, and regular periodic (such as
weekly) testing of a known standard or material to use as a reference.
The reference material should be obtained by random selection of a
known lot of production of CRM. From this lot a random sample is se-
lected. By testing the same material again and again over time,
determination of the ability of a particular test to give consistent results
is possible. If more than two testing facilities are involved and they test
material from the same sample, by comparing the results between labs
it can be determined if there is significant variation between them in the
results obtained. Finally, by running this testing each week, the results
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can be used to help detect if there is a problem when unexpected results
are obtained during testing of the finished product.

Potential Problems

Several areas exist for potential problems with CRM. We shall attempt
to address four of the most common here.

High Ash Content

It is possible to have material that yields a high ashi fest résult. This can

happen for several reasons. The ash resulti¢an b€ high due to contamina-

tion of the feed stock material with sand, ditt, or other ifiorganic

material. This result can also be obtained if the'matérial is produced

from or contaminatel by theavrong feed stock. Some rubber com-

pounds are heavily l6aded with'elays and therefore yield a higher ash

test result than is typical fiem CRM made fiom relatively clean tire

type raw materials. An unusually high ashresult may have a negative ef-

fect on the user’sffiniShed produet characteristics and/or cause .
equipmentmaintenance problems. \

Incorrect Rubber Feed Stock

It id also possible thasthe product delivered to the user could have been
manufactured from the wrong feed stock rubber material. The use of an
ingorrect raw material feed stock such as natural rubber mats may be de-
tectechthrough ¢hemical analysis. This will appear in the form of test
results either outside of specification limits or established statistical
process control limits. For example, the use/mixture of high gravity rub-
ber material with or instead of tire rubber will produce a higher ash
result than the process typically produces and/or the specification limit
may allow.

High Moisture Content

High moisture content as revealed by moisture testing can be a signifi-

cant problem. When CRM is added to a medium that is at a high

temperature, moisture in the form of steam can be rapidly liberated. For

example, when mixing with hot asphalt, high moisture content can re-

sult in a “boil over” situation. High moisture can result from improper

processing, storing, packaging, and/or shipping of the CRM. It can also o,
be a problem in the handling and storage of raw materials or work in B
process at the producer’s site. High moisture problems can also be the

result of mishandling and/or poor storage procedures by the user.
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Incorrect Particle Distribution

Incorrect particle distribution may create problems for users. This can
happen as a result of undetected process failure or the running of the
process outside of statistical control but, according to test results, within
specification limits. Since this can lead to unacceptable user end prod-
uct characteristics, it is essential for the user to require and verify the
use of adequate Quality Control and Quality Assurance procedures by
the producers from whom they purchase material.

The remainder of this presentation will discuss basic commercial as-
pects of dealing with CRM. This will include sections on shipping,
packaging, pricing, MSDS specifications, uses of ground rubbef, tire
material sources and major CRM source locations.

Packaging

Packaging of CRM can be accomplishied in most any manner desired by
the end user. The follnwing five methods are most comimon:

A. 50# paper bags stretch-a#rapped on 2750# skids

B. 25-50# poly bags strétch-wrappefl on 2200# skids (these poly
bags are of the Ja-melbvariety (~220 F) so that the pre-measured
package can be blended iha mixifg process)

C, 1000-2000# Gaylord boxes
D, 2200# Super Sacks (@ither returnable or recyclable)

E. 15,000-20,000# Bulk dump trucks (not typically used due to
handling problems). CRM is handled in bulk with either a bobcat
with a scoop attachment or a forklift using dump tubs. A forklift
is tedious when trying to transfer to bulk trucks and a bobcat may
introduce foreign material into the batch during scooping opera-
tions. ‘

Pneumatically conveying CRM into specially modified trucks is a fu-
ture handling alternative.

34 Commercial

3.4.1 Packaging,
Shipping, Price




PAGE 3-24

3.4.2 Additional Uses of
Ground Rubber

T

Shipping

Transportation to the user is typically accomplished by semi-trailer
trucks. The most economical freight rates are obtained when shipping
truckload quantities, usually 40,000# to 45,000# of ground subber. Less
than truckload quantities can also be accommodated. Overseascontain-
ers are used when shipping out of the country.

Price Ranges

The price of CRM can vary from region to regiongThe product pricé is
primarily determined by the customer’s particular specification. Otlhier
factors that influence product prices include order duantities, total vol-
ume, packaging requirements and other setvicest Packaging in bulk is
more economical than smaller poly Or paper packages. Fiom the initial
design stage to project completion an'€xperiencedERM producer will
save you time and money. It is both benéficial and cost effective to de-
velop a close working relationghipywith your CRM producer.

Below are some representative prices forvelume purchases of CRM.

Y materifl $0.10-0.22/4#

10 mesh material $0.10-0.24/#

30/40 mesh material $0.17-0.30/#

80 mesh faterial $0.30-0.45/#
MSDS

A Material Safety Data Sheet can be obtained from the CRM producer.

Ground rubber is currently being used in a wide variety of applications.
These markets are outlined below. Each description is followed by an
approximate percentage of how much of the current ground rubber pro-
duced is sold into these individual markets.

Tires

Ground rubber is used as a high-grade extender in passenger, truck and

other pneumatic tires. Though used only in small quantities, it is a sig- oy
nificant market due to the large number of tires produced each year. '
Market Share Estimate: 25%




PAGE 3-25

A 0 e S S A
Plastics

Ground rubber can be added in large quantities to extend or modify the
properties of polymeric materials. Most often used in a thermoplastic
vehicle, end products including injection molded parts and extruded
sheets goods and hoses. Market Share Estimate: 10%

Bound

Compression molded materials can be formed using ground rubber and

a binder. Applications using this method include carpet and flooring un-
derlayment, flooring and outdoor tiles, mats, construction materials and
railroad crossings. Market Share Estimate: 15%

Athletic and Specialty Surfaces

Ground rubber is ideal for a resilient additive to running tracks, play-

grounds, and tennis court surfaces. Similar poured-in-place surfaces €an

be applied to public, industrial and roofing situations. Looseground tub-

ber is used as a cushioning ground cover for walkwa#s, landscaping,

equestrian arenas and around playground equipment. Market Share Esti
s mate: 20%

Brakes

Friction brake materials incorporate ground fiabber in their' makeup as a
property modifier in brake pads@nd brake shogsy Market Share Esti-
mate: 5% :

Asphalt

Ground rubber in the'form of CRM'is blended with asphalt to modify
the properties of this matétial when used for highway construction,
crack and jOint sealant, roofinlg materials, liners and covers for contain-
ment ponds and waste disposal facilitates. Market Share Estimate: 25%

Approximately@-3 billion tires can already be found in landfills and 3.4.3 Tire Material
stockpiles'@cross the country. State governments and private collection Sources and CRM
enterprises continue to stockpile and landfill approximately 254 million Capacity

tires per year based on the 1992 Modern Tire Dealer Folder, roughly
one tire per year for every American.

The 1992 ground rubber industry sales volume is estimated to be 160
million pounds. Most of this volume consists of processed tire buffings,
rather than whole tire material. Many in the industry do not have the
technical capability to reduce whole tires (steel removal and fabric re-

A
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duction complicate the procedure). The increased emphasis on recy-
cling and the growing demand for CRM has heightened the interest in
ground rubber made from whole tire material, since this eliminates the
need to landfill any portion of the tire.

The production capacity of the industry is approximately 50,percent to
100 percent greater than the 1992 demand level. Close to 80 percent of
the current industry volume is being produced by S or6 manufacturers.

Shredders collect tires and reduce them to chips of 5% to 3" size. These-
chips are then sold as tire derived fuel (TDF) or.to groundrubber pianu-
facturers. Some shredding operations simply downsize the tirésin order
to fit more material into limited landfill and tire sté¢Kpile space.

Another source of scrap rubber (tiré buffings) comes from retreaders.
When an old tire is fitted for a new tiéad the oldytread I8 shaved off into
short or long stringy particles called buffings. These buffings are then
sold to ground rubber producérs, Approximately 230 million pounds of
buffings are produced annually, abont, 120 million of which are cur-
rently being processed by ground rubber manufacturers. Over 20
percent of this 230,million‘pounds is unavailable for further processing
due td loss orgontamination during the buffing process. Significant por-
tions of the buifings offéted in the market have been unacceptable as a
ground rubber feed stock; Bécause of the additional processing required
to dry or clean the material. We estimate the supply of acceptable buff-
ings to'be 170 million pounds annually.

Above ground tire piles and road worn tire supplies from tire dealers
are the best source for ground rubber producers. Tires caked with mud
and other reflise from landfills are difficult to process. These “dirty”
tires will'hiave an ash content that is too high for most customers’ appli-
cations unless thoroughly cleaned. This additional handling and
processing can add to the cost.

Special Services

Tire/Rubber Exchange programs have been offered on a selected basis.
The objective of a Tire/Rubber Exchange program is to remove tires
from the solid waste stream of the sponsoring agency and demonstrate
that scrap tires can be put to beneficial use. Through this type of pro-
gram the sponsoring agency is able to show that local tires have been
removed from the waste stream in amounts equivalent to the pounds of
ground rubber used in local projects.

RN
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This type of program is most often requested and funded by a solid
waste or environmental agency working with the highway department.

Typically, the agency will arrange for whole tires to be collected and re-
moved from landfills and tire piles or accepted from independent
collectors to be delivered to an approved shredder. The shredder is then
paid a fee to reduce these whole tires to chips acceptable to a ground
rubber manufacturer. The shredder certifies the receipt and processing
of the tires and the fact that the material from those tires was delivered
to a legitimate processor, not a landfill.
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History of Use of Crumb Rubber
in Asphalt Paving Materials

The potential benefits of adding rubber to asphalt cement have been dis-
cussed for many years however its use was delayed due to lack of
technology and equipment to economically mix the rubber in asphalt ce-
ment. The use of natural rubber in asphalt cement was first introduced
in the 1840’s.! The concept of adding tire rubber to asphalt cement was
developed in the 1950’s.2 Flintseal Corporation and U.S. Rubber Re-
claiming reacted crumb rubber and asphalt cement in the laboratory in
the early 1960°s.? But it was not until 1964 that the use of crumb rubber
modifier (CRM) in asphalt mixtures was first applied on an existing
pavement.

In 1964 Charles McDonald who worked for the gity of #hdenix devel-
oped a method to add small ground scrap rubber to asphalt cement.

The waste tires used vulcanized rubber to provide a material that would
provide desirable properties in the asphalt cement. These techniques al-
lowed the rubber to be processed aiid added to-asphalt cemenbat a
lower cost than had earlier been practieal

A “band-aid” test patch of asphalt rubber was placed in 1964 at Sky
Harbor Airport in Phoenix and g U.S! Route 666." Extensive field test-
ing was performed at Sky Hafbor Airport in 19653 This mixture, which
was placed by hand, appeared to perform Satisfactory and encouraged
the city to continue to gValuate this material. The primary use of this
“band-aid” patch was (o delay of preventsracks from reflecting through
the asphalt rubber surface. This material'did seal the existing cracks and
provided a waterproof seahfor many years.

Afterplacing the sectlon in 1964 in Phoenix, no more asphalt rubber
was placed untild 967", During this time the original sections were
monitored toévaluate potential performance. The performance of these
sections was satisfactory for three years and additional sections were
placed by hand in 1967.

In 1968 the first asphalt rubber sections were placed with a slurry seal
machine.* During this year the liquid asphalt rubber was also applied
with an asphalt distributor followed by an application of chips. This is
commonly referred to as a stress absorbing membrane (SAM). Use of
the slurry seal machine and asphalt distributor improved the quality of
the application and also greatly increased the production capacity. This
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allowed the construction cost of the asphalt rubber section to drop con-
siderably. At this time the supplier of SAMs was the Sahuaro
Petroleum and Asphalt Company.

The biggest problem with most surface treatments is loose aggregate,4
and the same is true with SAMs. Partly because of this loose aggregate
problem, some of the SAMs were overlaid with Hot Mix#Asphalt
(HMA) to minimize the problem. When a SAM is used/prior to an over-
lay, it is called a Stress Absorbing Membrane Interlayer (SAMI). The
first SAMI was placed in 1971 by the city of Phoenix. Atizena DOT
placed its first SAMI in 1972 on I-40 along wifh séveral other testséc-
tions followed by a second section in 1975 Again on J-40.

The consistency of the asphalt rubberdvas initially very thiek.” It had to
be heated to a higher temperature than eonventional asplialt cement and
was still difficult to pump and spray. In 1972 kerasene began to be
added to the asphalt@ubber tadlewer the Wiscosity. This addition of kero-
sene improved the workability of thesasphalt rubber and thus improved
quality of construction.

In 1974 this mixiui€ of asphalt cement and crumb rubber began to be R
used a$ abrackealer. Phevious work had shown this material to be '
very elasti¢ and flexible, two,primary properties of a crack sealer. In
1992, a survey of states to detébmine types of crack sealers being used
showedithat approkimately 10 states were using asphalt rubber as their
prifuary sealant.®

Atizona Refinery Company (ARCO) in 1975 developed an asphalt rub-
bermixture to ¢ompete with that of the Sahuaro mix. The ARCO mix
used 80 pereént asphalt cement and 20 percent crumb rubber, mcludmg
de-vulcanized CRM, along with an extender oil instead of kerosene.*
These two technologies eventually merged between 1983-1985 and be-
came known as the McDonald technology.

Some initial problems with the SAMI were caused by the roughness of
the existing pavement being overlaid. When the surface is rough the
SAMI is difficult to construct with consistent quality resulting in less
than desirable performance. In 1975 a three-layer system was devel-
oped and constructed to help solve the roughness problem This
three-layer system consisted of a level course followed by the SAMI
and overlaid with a HMA. it was effective in improving performance
but the cost of a three-layer system often prohibits its use.
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The first use of asphalt rubber in HMA in Arizona was in 1975. Two
sections of asphalt rubber in an open-graded friction course were placed
on State Route 87. One section contained 10.5 percent binder having 25
percent vulcanized rubber and the other section contained 8.5 percent
binder having 20 percent devulcanized rubber. In 1978 three additional
sections of HMA with asphalt rubber were placed. These three sections
consisted of an open;graded friction course with three different blends
of CRM and asphalt.” A blender was developed to premix the CRM and
asphalt in 1981-1982.7 |

Most asphalt rubber work in the U.S. has been performed in Arizona.
Between 1972 and 1978 approximately 30 miles of SAM per year werg
placed. Since that time, very little has been used probably because of
the loose aggregate problem. Between 1975 and 1980 approximatély 50
miles of SAMI were placed per year. Since that time, approximately 10
miles per year have been placed. Until 1989, approximately 55 per¢ent
of all asphalt rubber work in Arizona had been SAMI, 40 parcent SAM,
6 percent moisture membrane, 3 percent open graded friction colrse
with asphalt rubber 1 percent three-layer system, and'l percent low vol-
ume road construction.*

California first began using McDonaldis agphalt rubber in 197 82 Dur-
ing the ten years after 1978 California placed approximately 20 overlay
projects using asphalt rubber. This work has been done with dense-
graded mixes. as well as gap-gradéd mixes.

California first began using the asphalt rubb€s to 1miprove the durability
of HMA.® With additional experience, California developed a design
guideline in 1992 that allows forretuced overlay thickness for a gap-
graded HMA with asphalt rubber on‘specific types of applications.

The original concept was developed by two Swedish companies, Skega
AB and AB Vaégloerbaetringar, in the late 1960’s, as a product named
Rubit. The'Swedish incorporated 3 to 4 percent CRM (by weight of to-
tal mix) into @ HMA surface mixture. The rubber particles were 1.6 to
6.4 mm (No. 16to Y4-inch sieve), which were relatively large compared
to CRM used i McDonald mixtures. This is a dry process which con-
siders the crumb rubber as part of the aggregate. The Swedish
technology was patented for use in the United States in 1978 under the
trade name PlusRide.® The mix design was refined in the mid-1980’s es-
tablishing the gap-graded mix now commonly used. This method has

4.2 PlusRide
Technology
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4.3 Generic Dry
Technology

4.4 Continuous
Blending
Technology

been used in Alaska, Washington, Minnesota, Oregon, Arizona, and
California as well as other locations.

Four corporations have marketed the PlusRide technology since it was
introduced in the United States, originally All Seasons Sutfacing Corp.,
then PlusRide Asphalt Inc., PaveTech Corp., and presently EnvirOtire
Inc. All of these companies were based in the Seattle, Washington,

area. EnvirOtire Inc.* retains all patent rights and establishes specific li-
censing agreements with contractors on a project-by-project basis.”
Two United States Patent Nos. 4,086,291 and 4,548,962 eover this tech-
nology. EnvirOtire, Inc. markets this technolégy a@PlusRide 1L,

" The first generic dry technology systeém for adding crimib rubber to

HMA was developed by Takallou in 1986 as a result of his research on
RUMAC at Oregoif State Ufliversity. This system selects a grading of
crumb rubber to best fit the gradation of the aggregate to be used. This
generic dry technology system is sometines referred to as generic RU-
MAC or the TAK system." Bhe first field evaluation sections of this
systemawere pla€ed omntwo projécts in the State of New York in 1989.
These projects placed generic dry technology RUMAC sections with 1°

- percent, 2'petcent, and 3 pereent CRM, as well as a control section and

PlusRide section, It has also'been examined in a number of other places

. inclu@ing Ontarig, Oregon, Illinois,and California.

- Qther designs@8ing generic dry technology are also being developed.

Some agencies (like Iowa and Oregon) are examining the generic RU-
MAC systemawhile others are combining the theory of wet
process—~continuous blending with dry process construction practices.
This latter system might be defined as a generic dry technology asphalt
rubber system. It was first examined in Florida and is also being evalu-
ated’in Kansas.

In 1988 the Flonda Leglslature passed Senate Bill 1192 on Solid Waste
Management''. This Bill required the state DOT to consider the use of -
CRM in HMA. Florida DOT funded a study to the National Center for
Asphalt Technology (NCAT) to look at the feasibility of using scrap
tires in HMA.'? The study was completed, Florida built test sections in

*EnvirOtire, Inc., 1904 Third Avenue, Seattle, Washington 98101
(Phone 206-587-6018)
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1990 and 1991, and they have been using scrap tires in some of their
mixes since that time. This was the initial development of the wet proc-
ess-continuous blending technology. Since that time other states
including Kansas and Iowa have used this process.
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Wet and dry processes have been used to incorporate rubber in hot mix
asphalt (HMA). Two technologies which use wet processes are: the
McDonald (batch) technology and the continuous blending technology.
Two technologies which use dry processes are: the PlusRide technology
and the generic dry technology.

In the wet process the Crumb Rubber Modifier (CRM) is blended with
asphalt cement before mixing the CRM modified binder with the aggre-
gate. In McDonald technology the CRM is mixed in a blending tank
and reacted in a holding tank before introduction into the mix. In con-
tinuous blending technology the CRM and the asphalt cement can be -
mixed just before the binder is introduced into the mix or it can be
mixed and placed in a storage tank for use later. Fifteen to twenty-two
percent (by weight of binder) of a 10~30 mesh CRM is generally used
in McDonald technology. The continuous blending technology usgSia .
finer grind of CRM in amounts ranging from five to twenty percent (by
weight of binder).

In the dry process the crumb rubber materials are blended with the,ag-
gregate before adding the asphalt cement to the blendéd mixture. The
mix production practices for the dry process are similar t@ those prac-
tices used for the construction of conventionaldMA, The CRM is
added directly to the mixture. In a drumyplafit'it is added at the RAP
opening. In a batch plant it is added to thedry aggregale at the pugmill.

A detailed discussion of the four different technplogies (two wet proc-
esses and two dry processes) follows.

5.1 McDonald
Technology

The wet process isany process that blends CRM with asphalt cement 5.1.1 Description
before mixing the blended binder with the aggregate. The result is a
modified binderdiaving significantly different properties than the origi-
nal asphalt cefient’. The process is the result of early work done by
Charles McDonald. Per telephone conversation with Carl Jacobson,
CRAFCO, there are no current patents covering the wet process.

In McDonald technology, typically 15 to 22 percent ground rubber (No.

16 sieve to a No. 30 sieve) is mixed with an asphalt (usually an AC-I0

or AC-20) and reacted for one-half hour to one hour. The result is a
~7 thick elastic material called asphalt rubber (AR) binder.'
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5.1.2 Detalls

A primary purpose for adding CRM to an asphalt cement is to provide
an improved binder. The following paragraphs will discuss the uses of
AR binders using the McDonald technology and the claimed benefits
from the use of AR binders.

Uses of AR Binders (McDonald Technology)

The AR binders have been used for many applicationsd® includethe
following:

1.
2.

Crack and joint sealant

Seal Coats. This is a Stress Absofbing Membrane (SAM) and
generally consists of a spray application‘of ARinder at the
rate of approximately 0.50gsy with approximately 35 psy of
chips.

Stress Absorbing. Membrane Interlayer (SAMI). This is a

SAM placed between layers of HMA generally during an over-

lay project. The,purpose is toretard the development of

reflection cracks dnd to reduce Water penetration into the under-

lying layers. s,

Hot Mix Asphalt. This'is a HMA that uses the AR binder in
1ieu of a conventional asphalt cement. It can be either an open-
gradedy gap-graded or dense-graded HMA.

Subgrade seals. This is a spray application of AR binder simi-
lar to & SAM. It could be used to keep moisture out of a
subgrade or to provide an impermeable liner for a water reten-
tior basin.

Claimed Advantages for McDonald Technology

The following advantages are claimed for AR binders™

1.

Reduces aging. Asphalt cement that contains CRM shows the
effects of reduced oxidation or aging. This is because of the
antioxidants and carbon black from the tire that are in the AR
binder.

Increases flexibility of the mix. Mixtures containing AR binders
are more flexible than standard conventional asphalt mixes.

Softening point. The use of CRM in a binder will increase the =
softening point of the resultant binder by 20 to 50°F. "
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4. Improved temperature susceptibility. The use of a AR
‘binder results in improved cold weather performance charac-

- teristics and improved hot weather performance characteristics

than its base conventional asphalt,
Gradations

When using the McDonald technology the rubber content should be a
minimum of 15 percent by weight of the binder and should meet the
gradations from Table 5-1. The aggregate gradation of dense-graded
HMA mixtures should be maintained on the coarse side of the gradation
band to accommodate AR binder.

Table 5-1. Suggested rubber gradations
for a dense-graded HMA (Ref 3)

‘Sigve size ‘ Percent paséing
No. 10 ' ' 100
No. 18 ‘ ' 98-100
No. 30 70-200
No. 50 10-40

-No.200 : 0-5

A recommended aggregate, gradation for an gpen-graded HMA contain-
ing AR binder is shown/in Table 5.2. An open graded mix made with
AR binder will have @higher binder éontert than the same mix with a
conventional binder.

Whenusing MeDonald technology the CRM should meet the gradatmn
requirements shown iy Table 5-3.
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5.1.3 Mix Design

Table 5-2. Suggested aggregate gradations for
open-graded CRM HMA (percent passing) (Ref 3)

P

Sieve size % Ince Valnch
%4 (19.0mm) 100 100
V5 (12.5 mm) 100 90-100
%" (9.5 mm) 85-100 75-05
No. 4 (4.75 mm) 25-55 20-45
No. 8 (2.36 mm) 5-15 5-15
No. 30 (600 pum) 040 0-10
No. 200 (75 um}) 05 0-5
Table 5-3. Sugaested CRM gradations for
an open-graded HMA (Ref 3)
Sieve size Percent passing
No. 10 100 S
No. 16 75-100 '
No. 30 25-60
No. 50 0-20
No.200 0-5
Dense-graded HMA

Marshall and Hveem mix design methods can be used to design dense-
graded HMA” with McDonald asphalt rubber. Modifications are made
to the procedures to account for the AR binder. As previously noted,
the aggregate gradation needs to be on the coarse side of the band. If
the gradation is too fine, or the rubber particles too large, compaction
problems may result. Because of the replacement of a portion of the as-
phalt cement by rubber, the binder content for a mix with AR will be
higher than the binder content would be for a conventional HMA. The
asphalt cement and CRM used to make the McDonald AR binder for
the mix design needs to be mixed in a very controlled manner. The lab
specimens should be mixed and compacted at elevated temperatures. o,
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After the specimens have been made both the standard Marshall and
Hveem test procedures can be used. However, because of the increased
viscosity, elasticity and softening point of the asphalt rubber binder, the
target level for the design parameters are adjusted. The target level for
the VITM (voids in total mix) should be set at 3 to 4 percent rather than
3 to 5 percent. Also the flow requirements should be raised. For the
Hveem procedure, the VTM should be similar to the Marshall proce-
dure. The Hveem stability should be 20 to 30 when using aggregate that
normally produces 35 to 40 stabilities with conventional asphalt cement
binder.

Open-Graded Friction Courses (OGFC)

In open-graded mixes with McDonald AR binder, the higher viscosity
of the binder will allow the use of binder contents higher than those
used in standard open-graded mixes. Binder contents of 10 to 11'pér-
cent have been used without experiencing excessive drain down. The
procedures outline in the FHWA report FHWA-RD 74-2 ~Design of
Open Graded Asphalt Friction Courses” should b€ used as'a general
guideline for the design of these mixes.

The major difference between production of a McDonald HMA and a
conventional hot mix asphalt is the pre-blénding and reagtion of the
CRM with asphalt cement to produce an AR binder for the resultant
HMA mixture. The reaction is aécomplished 1n insulated trucks and/or
tanks. When the CRM is added fo the asphalt, the fémperature of the as-
phalt cement is between 176°C to 204°C (350°F to 400°F). The asphalt
cement and CRM are cOmbined and mixed in a blender unit and then
pumped into the agitfited storage tankfordeaction. The reaction tank
has a mechanical agitating system that will keep the mixture dispersed.
The témperature is maintained between 162°C and 190°C (325°F and
375°K) during th&minimum 45minutes reaction time. The required
amount of AR bindér iSladded at the mixing chamber of the HMA pro-
duction plant.

The construction of HMA with McDonald AR binder is very similar to
constructing conventional mix. The temperature of the AR binder is be-
tween 162°C and 190°C (325°F and 375°F). The mixing temperature is
generally 143°C and 162°C (290°F to 325°F), laydown temperature is
generally higher, and compaction should be accomplished while the ma-
terial is “hot” because the viscosity of AR binder increases rapidly.
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5.1.4 Modification to
Equipment

5.1.5 Modification to
Procedures
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5.2 Continuous
Blending
Technology

5.2.1 Description

5.2.2 Details

5.2.3 Mix Design

5.2.4 Modification to
Equipment

The wet process is any process that blends CRM with dsphalt cement
before mixing the blended binder with the aggregate. The fésult is a
modified binder. The differences between the McDonald techiiology
and the continuous blending technology is the mannerdn which the
CRM and the asphalt cement are blended and reacted. Also, the MeDon-
ald technology uses a coarser CRM than the continuoli§ process.
Typically in the continuous blending technology,.5 to 20 percent

ground rubber is blended with an AC-5 or AC-10'asphalt. Théudea 1s
that the use of the fine rubber gradation will shortef the reaction time
between CRM and asphalt cement.

The continuous blénding teéhnology differs from the McDonald tech-
nology in that the CRMymaterial uSed for the binder is a finer grind
material. Table 5-4 presefits a typical gtadation of the CRM used.’ The
Florida DOT recommended €RM contents by weight of binder are: 12
to 16 percent fér opensgraded miixes, 5 to 12 percent for dense graded
mixes and 15 to 20 pereent for surface treatments.

Tabie 5:4. Continuous blending technology

CRM gradation?
Screen Percent passing
No. 60 ' 98 to 100%
No. 80 88 t0 100%
No. 100 7510 100%

The mix design procedures for the continuous blending technology will
be similar to those for the McDonald technology.

The mixing of the CRM and the asphalt cement is accomplished in a
self-contained portable blending/metering unit as show in Figure 5-1.
The system can be set up at the HMA plant site and interlocked into the
existing asphalt binder feed system. Some asphalt terminals and refiner-
ies are examining this technology for large quantity production.

PN

Pt
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The construction practices for the continuous blending technology are 5.2.5 Modification to
Procedures

similar to those described for the McDonald technology.

Figure 5-1. Continuous blending technology portable
blending/metering unit

Mixers ‘
Rubber AugergeA] i § P |
Hopper Primary Secondary
’ Tank Tank
i Booster """'a.
cg N}”ﬂﬁ'ﬂ{% Heater —
Control Panel [ i ﬁ L

= 7]
O O \ Asphalt Pump (Flow from

Outlet to HMA Plant, Transport AC'Slorage Tank)
Truck or Teifhinal

5.3 PlusRide
Technology

This process primarily tises CRM as a fllbber aggregate which is incor- 5.3.1 Description

porated_into a gap-graded aggregate prior to mixing with asphalt
cemerit, producing a rubber miedified hot mix asphalt concrete (RU-
MAC). The coatse'nubber particles act as elastic aggregates which flex
on the pavément surface linder traffic and break ice.® The mix design
was refined in thie mid 19807s establishing the gap-graded mix now
commonly ‘¢alled PlusRide. EnvirOtire, Inc.* markets this technology at

the present tifne as PlusRide II

The CRM used in PlusRide is predominantly a granulated crumb rubber 5.3.2 Details

passing the 6.4 mm (14*) sieve with the fraction passing the 2 mm (No.
10) sieve supplemented with granulated buffings or ground CRM. Like

P
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the mineral aggregate, the gradation of the CRM follows a specific
band as follows:

Sieve Size Percent Passing
Vi 100
No. 4 76-100
No. 10 2842
No. 20 18-24

By specifying a granulated CRM, the smoofh sheared surfaces of a par-
ticle are less reactive (lower surface area than groufid CRM) and its
cubical shape can be factored into the combinedgradation of CRM and
aggregate. The CRM is ambient graulated from ground whole passen-
ger or truck tires (heavy equipment tiges are not pepmiitied). It. is free of
wire and free-flowing. Calcium carbonate or talc can be added to main-
tain its free-flowing condition, €RM in @ PlusRide mixture can range
from 1 percent to 6 pereént by weight of the total mix. However, 3 per-
cent has most commonly beén used.’

The mineral ag@regatesused inthe PlusRide system should conform to
the physicalréquirements for those aggregates used in the conventional
HMA surface courses. The aggregate should have a minimum fracture
requirement of /5,percent with at least one mechanicallsy fractured face
ford@ll'material retained on the No. 10 sieve and above.

Three aggregate gradations which reflect different maximum aggregate
sizesy are specified in the PlusRide II system as shown in Table 5-5.
The PlusRidedlI' mixtures must be gap-graded to allow space for the
CRM. For the PlusRide II 12 and PlusRide II 16 mixtures, this gap
grade restricts the amount of aggregate passing the 6.4 mm (V4*“) sieve
and retained on the No. 10 sieve to be 12 percent maximum. Failure to
provide a sufficient gap grading would cause the coarse rubber to resist
compaction and result in a low-density pavement with high air voids.
The mix also contains a higher minus-200 content compared to conven-
tional HMA mixtures to fill air voids.

*  EnvirOtire, Inc. 1904 Third Avenue, Seattle, Washington 98101 o
(Phone 206-587-6018)
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Table 5-5. Mix composition of PlusRide I (after Ref. 3)

Property PlusRide 8 PlusRide 12 PlusRide 16
% passing ¥4* - — 100
% passing %" - 100 -
% passing %" 100 60-80 50-62
% passing %" 60-80 30-44 30-44
% passing No. 10 23-38 20-32 20-32
% passing No. 30 15-27 13-25 12-23
% passing No. 200 8-12 8-12 7-1
Asphalt content, % by weight of mix 8.0-9.5 7.5-9.0 75-9.0

The asphalt cement binder chosen for the PlusRide mix is usudlly the
same grade as used for conventional HMA in the project area. The as-
phalt content generally varies from 7.5 to 9.0 percent which is
substantially higher than conventional HMA THe target dinvoid con-
tent is 2 to 4 percent.

The CRM is handled like an aggregate, and is.dry mixedwith the hot
mineral aggregate prior to mixingwith thé asphalbcement, Generally, a
mix design using this concept willinelude a percentage of ground CRM
passing No. 20 sieve which produces @ partially reactedhmodified
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 coarse rubber parti-
cle to react with the aéphalt ¢eément, but does not permit sufficient time
for the reaction to penetrate the entire rubber mass. This creates an as-

phalt/rubber interface which bondsthe two materials together.7

The following advantages have been claimed when PlusRide RUMAC
isused.

Increased fatigue life. This is attributed to the modified asphalt binder
and elastomeric aggregate. Laboratory fatigue tests conducted by Takal-
lou et al.% indicate such improvements are possible.

Resistance to reflective, shrinkage and thermal cracking. When the
stress at the tip of a crack reaches a rubber particle, the particle is likely
to absorb the stress, delaying the advance of the crack. Laboratory stud-
ies® have indicated increased resistance to low temperature cracking.
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5.3.3 Mix Design

Ice disbonding. Rubber granules exposed at the RUMAC surface com-
press slightly when subjected to traffic wheel loads. This creates a small
area of flexibility that will not retain ice when it begins to crystallize.
Obviously this will only happen when the surface is loaded continu-
ously and when the ice is relatively thin.

Greater resistance to rutting. This is attributed to greater resiliency of
the RUMAC course, which results in reduced permanent@eformation.
Repeated load permanent deformation tests conducted by Takallou &t

al.” indicate this trend. However, Stuart and Mogawer have reported de-
creased resistance to rutting in their laboratory evaluation,which was
directly related to the rubber and the associatél 1.5 percent ihereast in
asphalt content.

Since PlusRide II is a resilient/elastic RUMAC mi%fure, the conven-
tional properties ofétabilityand flow do not apply for the mix design.
The objective of the'design 15t0 determing the gradation of aggregates,
asphalt content and rubbéncontent that yield a mix having:

1., A high-goarse aggregale content, gap-graded to provide space ey
for thé rubber granules toiform a dense, durable and stable mix-
ture, upon compaction.

20 rich asphalt/ﬁller ratio. Asphalt cement and filler are used to
111l voids, The mix must have a high asphalt content to ensure a
workable mixture and durable pavement.

3. A low void content in the compacted mix. The voids should be
in thie range of 2 percent to 4 percent, with 3 percent being the
normal. '

One of the three specified, gap-graded aggregate gradation bands (as
shown in Table 5-5) are used depending on the desired maximum aggre-
gate size. The gapping within the specified aggregate gradation band is
critical. The 12 percent (maximum) aggregate fraction passing the 6.4
mm (Y4*) sieve and retained on the No. 10 sieve must be maintained
within specified tolerance during production. A mineral filler is usually
required to meet the high minus 200 requirements. When a mineral
filler is needed, the type and quantity to be used in production must be
used in the mix design. The asphalt cement content should range from
7.5 percent to 9.0 percent by weight of total mix. A guide for selecting
the trial contents is the rule of thumb that PlusRide II requires approxi- .
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mately 2 percent more as?halt than a conventional mixture of similar
size and type aggregates.

A sieve analysis must be performed on a representative sample of CRM
to ensure that it meets the specified gradation (reported earlier).

A mixing temperature of 160°C (320°F) is used to prepare various mix-
tures of different asphalt contents. To prevent expansion of the
compacted specimen, the base plate must be removed immediately and
the specimen set over a 98 mm (3 7") diameter x 25 mm (1") thick
wood plug. Another wood plug should be placed on top of the speci-
men, weighted and allowed to cool.

The theoretical maximum specific gravity may be determined by,sev-
eral methods, the Rice method being the most common. If the
theoretical maximum specific gravity is calculated, a value of 1.19
should be used for the specific gravity of the rubber, or the specifie
gravity should be measured.

After the specimens have cooled to room temperature, the bulk specific
gravity is determined and percent air voids caleulated. If the percent air
voids are not within the design tolefance (2-4%), the amountef asphalt
and filler is adjusted and/or the aggregate gradation is adjusted, and an-
other set of trial mixtures prepared. The primary criteriomfor an
acceptable mix design is the percentage of ainvoids.

If the aggregate does @Ot ¢contain enough minus 200 material, then it
will necessary to adé mineral fillefte the RUMAC mix. This might re-
quire a separate silo for mineral filler.

For batch miin facilities CRMis delivered to the site in 22 to 27 kilo-
gram (50 to 60 potind) plastic bags. The bags are made of a low melting
point material which allows,the operator to charge the mixing chamber
with the eéntir€ bag of CRM. The process and equipment required for in-
troducing RAP (reclaimed asphalt pavement) into a drum mix facility
can also be used to introduce CRM into the drum.

EnvirOtire, In¢. has now developed a CRM proportioning and feed sys-
tem conveniently mounted on a trailer, which automatically proportions
the correct amount of ground and granulated rubber and introduces it
into both batch and drum HMA facilities.

No modifications are needed to conventional hauling, placirig, and com-
paction equipment.

5.3.4 Modification to
Equipment
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5.3.5 Modification to
Procedures |

Only a few modifications to the construction practices are needed for
PlusRide RUMAC. 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 facility, this is presently accomplished by
manually feeding the pugmill with a predetermined nurfiber of sacks of
CRM. On drum mix facilities, the CRM feed system introduges the
CRM at the RAP hopper and must be tied to the cold-feedaggrégate
weigh system. A sensitive weigh system is necessary td monitor the
small amount (3 percent by weight of mix) of CRM being introduced
into the drum. As mentioned earlier, EnvirOtire, Inc. hasa portable mix
and feed system which can introduce the requiredramounts of CRM into
the HMA mix produced by both batch anddrum mix facilities. Except
for an extended dry mix cycle during batch plant gitoduction, the only
other modification to mix productionyis mix temiperature. The tempera-
ture of PlusRide RUMAC mixture should be 150 to 176°C (300 to

350°F) after mixing.

The PlusRide RUMAC mixture o@supies about 10 percent greater vol-
ume in the pugmill thafia eonventional X for the same weight. Since
PlusRide mix uses approximately 2 percent more asphalt cement, the

limiting factor on'bateh size maybe the capacity of the asphalt cement e,
bucket. ”'

Quality control is very impogtant for PlusRide RUMAC. The mix is
very sefiSitive to Variations in the materials’ gradations and proportions.
Pglr production, plaéement, or compaction control have resulted in pre-
mature failure gf the pavement. Extraction methods will not provide
aceurate means of monitoring CRM content nor binder content. Simi-
larly, asphalt content gauges will measure all the CRM in the sample as
a part of the binder content. Therefore, proper calibration of the equip-
ment which measures the materials fed into the HMA facility is critical.”

Compaction control is also very important for PlusRide RUMAC. The
materials should be compacted while hot to achieve density before the
binder stiffens as the mat cools. Hand work should be held to a mini-
mum. The use of rubber-surfaced equipment, particularly pneumatic
rollers, should be avoided. Only detergent-based release agents should
be used on the haul trucks and rollers. In addition to these modifica-
tions, the finish roller must continue to compact the PlusRide mat until
it cools below 60°C (140°F). Because the CRM is only partially “re-
acted,” the material in the compacted lift continues to react at elevated
temperatures. The reaction causes the crumb rubber to swell and ex-
pand the mixture. The additional rolling retains the mat density until the o,
increasing binder viscosity can counteract the reaction’s decreasing po- :
tential to expand.”
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The first generic dry technology system, generic RUMAC (also known
as the “TAK” system), uses an equivalent or slightly lower percentage
of CRM compared to PlusRide. The CRM is also finer than that used in
PlusRide. A conventional dense-graded aggregate is used with only
slight modification. The gradation of CRM is adjusted to suit the aggre-
gate gradation. It is a two component system in which the fine crumb
rubber interacts with asphalt cement, and the coarse crumb rubber per-
forms as an elastic aggregate in the HMA mixture. The combination of
modifying the asphalt binder and increasing the elasticity of the HMA.
mixture has been claimed to increase the fatigue life, reduce thermal
and reflective cracking, and increase the adhesion of the modified
binder to the aggregate. However, this system has been described Some-
what generally in the literature.'® No significant information is available
as to how the amount and the gradation of CRM is deterfiiined for a spe-
cific mineral aggregate.

Another type of generic dry technology system uses [0Wer amounts of
CRM and smaller size (No. 80 mesh) CRMdis compared 10 generic RU-
MAC. 1t is believed that the fine CRM mgdifies the dsphalt binder
during the mixing process and subsequént storage and tfansportation of
the HMA to the job site. ’

These systems are in the publi€ domain and, therefore, no royalty pay-
ments are involved. Experimental field appfications of the generic dry
process have been madesin New York, Illinois, Florida, Kansas, Iowa,
Oregon, California anfl Ontario, Canada. @onstruction reports“ 112 are
available from the Department of Transportation of some States.

Generic RUMAC Systéem

As mentionetl earlier, generic RUMAC is a two component system.

The CRM passing No. 20 sieve reacts with the asphalt cement produc-
ing a modified binder. A pre-reaction may be needed to achieve the
optimum modification. The coarse CRM replaces a portion of the aggre-
gate in the HMA mixture, and acts as an elastic aggregate.

One to three percent crumb rubber by weight of the HMA mixture is
generally added. The crumb rubber is ambient granulated or ground
from whole passenger and/or light truck tires. Heavy equipment tires
are not permitted. The crumb rubber greater than 10 mesh in size must

5.4 Generic
Technology
5.4.1 Description

5.4.2 Details
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5.4.3 Mix Design

be produced from ambient granulation. The crumb rubber passing the
10 mesh sieve may be produced from either ambient granulation or am-
bient grinding. Uncured or devulcanized rubber is not acceptable.
Rubber tire buffings, from either recapper or tire manufacturers must
not be used as supplement to the granulated rubber mi%fiire unless they
are further processed by granulation or grinding. The rubbengranulate
must be processed by ambient granulation to maintain thesstruétural in-
tegrity, particle shape and minimum surface area. Thefirst stage 6f the
whole tire processing can use other methods to remoVe steel and fabric.

Aggregate gradation is examined to see the sievessizes Wherein the
CRM can be incorporated. Consideration ié given {0 the factthat CRM
swells after it comes in contact with asphalt cemefif during mixing, haul-
ing, placement, and compaction. The sizé of thé CRM should be

smaller (by one sieve size) than thé gap existirig in the/mineral aggre-
gate.

Since conventional aggregate gradations are used, it is necessary to de-
termine the appropriatgd@RM gradation, However, the grading
flexibility in most CRM plants is rather linited at the present time. The
cost of CRM willdngrease if tnusual CRM grading requirements are
speciﬁed.7

Generic RUMAC has been successfully constructed in New York, Ore-
gon and Ontarioy mix composition and construction details for New
York and Ontario dre given in References 11 and 12, respectively.

Asphalt Rubber System

In Flokida, aif experimental project constructed in June 1989 used CRM
in one seetion utilizing generic dry process technology different from
generic RUMAC system. Number 80 mesh CRM was used in an open-
graded friction course (nominal maximum aggregate size of 9.5 mm or
“s inch) at 10 percent by weight of binder. Little information is avail-
able regarding the details of this new generic technology system.

Generic RUMAC System

Preliminary tests are performed to establish the CRM content. The
maximum CRM content which meets the agency’s minimum stability
requirement is selected. Generally, up to 2 percent CRM is used in sur-
face courses and up to 4 percent in base courses. The cubical shape of
granulated CRM is factored into the combined gradation of CRM and
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aggregate. The specific gravity differences between CRM particles and
aggregate require a weight adjustment factor of 2.3 for the CRM to de-
termine the composite gradation.

After the amount and the gradation of CRM are selected, trial speci-
mens are made with 75 blows of Marshall hammer. Optimum asphalt
content is selected based on the air voids. The voids should be in the
range of 2 to 4 percent, with 3 percent being the normal. The selected
mix must meet the minimum stability requirement like the control mix
without CRM. Marshall flow should not exceed 20. Very limited data is
available on the complete mix design procedure.

Some mix design information from the initial New York projects is
given below.

New York Projects: Three generic dry technology designs (“TAK” sys-
tems) were constructed using 1, 2 and 3 percentyCRM by weight of
total mix. A control section (no rubber) and a PlusRide section were
also constructed for comparison. The CRM supplied bn the projechis
given in Table 5-6. The gradation specified for aggregate, plus CRM for
the New York Type 6F surface course mix isgiwen in Table 5-7.

Table 5-6. CRM gradation--New York projects

Percent passing
Sieve size Specifiat Supplied
' 100 -
No. 4 — 100
3 75-85 -
No. @ 45-55 51
No. 20 30-40 a4
No. 40 0-10 19
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Table 5-7. Mix gradation—New York projects

Sieve size Percent passing Tolerance
1 100 —
" 95-100 -
W 65-85 +7
K 36-65 17
No. 20 15-39 +7
No. 40 8-27 +7
No. 80 4-16 4
No. 200 %6 +2

The design asphalt cofitéits and air void contents obtained for the two
projects in New York are given in Table 5-8. These are based on 75-

blow Marshalldidémmer compaction.

Table 5-8. Design asphalt contents and air voids—
New York projects

Percent Region 1 Region 9
Mix typg rubber "o ac | %voids | %AC | %voids
6 F {contiol) 0 60 30 6.2 30
6 F rubber 1 64 31 62 26
6 F rubber 2 68 32 68 30
BF rubber 3 72 30 74 35
PlusRide 3 72 22 74 22

An AC-20 asphalt cement was used in all test sections. Asphalt con-

tents for the control and RUMAC mixes were selected to obtain a target

air void content of 3 percent. PlusRide mixes were designed for 2 per-

cent air void content.

The temperature of the RUMAC mixtures was specified between 149°C

(300°F) and 177°C (350°F) at the point of discharge. The target mat
density was specified between 95-9 percent of the maximum theoreti-

cal specific gravity.

A
by
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Asphalt Rubber System |

Dense-graded HMA using this dry process technology is usually de-
signed by the same Marshall design criteria as used for conventional

HMA.
Similar to PlusRide RUMAC, arrangements have to be made to intro- 5.4.4 Modification to
duce CRM in the batch and drum mix HMA facilities. Generic dry Equipment

technology has used bulk feeding systems for the CRM on projects in I1-
linois, Oregon and Kansas.

No modifications are needed to conventional hauling, placing, and com-

paction equipment.

Same as PlusRide RUMAC except that pneumatic tired rollers have 5.4.5 Modification to
been used without any problems. Procedures
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General First and In-Place Costs
Associated with Asphalt Paving
Products with Crumb Rubber
Modifier

The use of crumb rubber products varies widely throughout the United
States. Hot pour crack and joint sealants are currently the most com-
monly used asphalt cement products with crumb rubber modifier. Over
twenty States rank their use of asphalt rubber (AR) crack and/or joint
sealants as routine (Figure 6-1a).” At least six other States are currently
either experimenting with or have pending specifications for these
sealants.

The second most common usage of crumb rubber modifier (CRM) is in
the production of asphalt rubber binder used in the construction'of
either chip seals or interlayers. Figure 1b shows that while only two
States routinely use asphalt rubber binders for chip seals another 20
States are either using these binders experimentally (18 Statés)or have
pending specifications (2 States).' Figure 6-1c show that three Stéles
routinely use asphalt rubber binder for interlayers, 24 Tiave either experi-
mental sections (22 States) or pending specifigdfions (2 States).

Lastly, crumb rubber can be includedinthot mix asphalh(HMA) in the -
following forms: (1) binder modification aceomplished thipugh the ad-
dition of crumb rubber into the asphalt cement(asphalt rubber binder
(AR)), (2) as an aggregate or mincral Tiller substitute through the addi-
tion of rubber during the asphali-aggregate shixing process (rubber
modified asphalt concreteg RUMAC), or (3) both. Figures 6-1d and 6-
le indicate States using either ARand/or RIUMAC'. It can be seen that
Arizona is the only §tate that routinelymodifies HMA with asphalt rub-
ber binders (Figure 6-1d). However, four States have pending
specifications, and at least 25 have used some form of modified dense-
graded asphalt conerete. Signifieantly fewer States (Figure 6-1e) have
tried modified open-graded friction course (OGFC). Again, only Ari-
zona routingly 26865 some form of CRM mixtures; only 10 States have
either experimental sections or pending specifications.

The cost of mcorporating CRM into any of the above products varies
widely. Generally, factors that impact cost are established usage of
product, capital costs, increased material costs, and increased opera-
tional costs. Additional factors that influence individual project costs
are project size, patent royalty fees, and the contractor’s “fear factor” as-
sociated with unknown impacts on plant processes such as increased
fuel costs for higher temperatures, plant/equipment damage, down time
changing between modified and unmodified jobs. The purpose of this

6.1

introduction
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D B Crack/Joint
3 Crack Only
B Joint Only
B Not Used
Figure 6-1a. Routine use of rubberized joint and crack sealant
>
' M Rodtine @ M Routine
0 Pending 0 Pending
Exparimentai Experiments
B Not Used & Not Used
Figure 6-1b. Use of asphaltfubber bindersifl interayers Figure 6-1c. Use of asphalt rubber binders in chip seals
® B Routine & W Routine
0 Pending O Pending e
Experimental Experimental
8 Not Used B Not Used

Figure 6-1d. Use of CRM in OGFC Figure 6-1e. Use of CRM in HMA
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paper is to provide the reader with some insight into the costs associ-
ated with the various asphalt cement products with crumb rubber
modifier.

The majority of hot pour sealants used for joint and crack maintenance
are some type of modified asphalt cement product. These modified
sealants are a blend of asphalt cements, extender oils, tackifiers, rubbers
and/or polymers, antioxidants, and fillers.” One of the most common
rubber components in these sealants is CRM. Asphalt rubber crack
sealants are approximately 15 to 20 percent CRM, which translates intg@
about 200 pounds of crumb rubber used (approximately 15 to 20 tire$)
for every 1,000 pounds of sealant.

Material Costs

Rubberized crack and joint sealants run from aboit 15 to 35 centsa
pound. Costs depend upon the type of product selectédy Asphalt rubber
sealants are at the lower end of the range, wiiile,either polymer modi-
fied or polymer-crumb rubber modified Sealants ate at the higher end of
the range.

By comparison, unmodified sealants (i.e:, @mulsions, neat asphalt ce-
ments) run from S to 10 cent§ 2 pound. Whilg this might seem to be a
significant difference in material costs, thése costs are only about 10 to
20 percent of the in-place cost.

Equipment and Opéeration Costs

The'preparation andhplacing of hot sealants require a melting kettle with
a heated oil jacket, good internal agitation, and a suitable pumping sys-
tem for applying the sealant. This description fits the majority of the
sealant eguipment already in use. Older equipment with only minor agi-
tation capabilities and no pump are not suitable for placing modified
sealants.

New equipment costs, depending upon the capacity and options, range
from $10,000 to $35,000. Kettles can be either propane or diesel pow-
ered. Operating costs range from about $10/day (approximately 10
gal/fuel/day) for diesel powered equipment to about $25/day for pro-
pane.

6.2 Crack and Joint
Sealants
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In addition to kettle costs, it is desirable to have some method of rout-
ing cracks prior to sealing. Pavement routers for this purpose are
typically under $10,000. Operation costs are around 2 cents a foot for
just cutting, or about 5 cents a foot for entire routering operation.

Manpower requirements are usually a three to five person gfew. A crew
of this size can seal, on the average, 1.5 to 3 lane miles (2,000 te 3,000
pounds of sealant) per day, dependent upon equipment cagaeity, traffic,
and severity of cracking.

In-Place Costs

Typical in-place costs which include site ptéparafion, materials, equip-
ment, and operation, typically run from\15 ta 40 cents a foot. This price
reflects both the type of materials used a8 well as thesize of the project;
smaller jobs are typically more expensive. For example, a pavement in
need of an overlay is‘€stimated 10 hised about one ton of sealant per lane
mile at a cost of about $2,000/lane mile in-place. The use of unmodified
sealants (assuming a cost of 18 cents/pound) would result in a cost sav-
ings of only $2004afi@&mile in-place as compared to rubberized sealants i,
(assuming 20 cents/pound) or 10 peieent of the total cost. ‘

Asphalt rubber bindéss can be used in the construction of chip seals
and interlayers, a8 well &5 dense-graded, open-graded, and gap-graded
mixtures. There ar¢ two methods of obtaining asphalt rubber binders.
The first is to purchase it from a supplier such as International Surfac-
ing Inc."(0ST); or Rouse Rubber Industries Inc. The second is to retrofit -
existing plants for the blending and reaction of the asphalt and CRM.

Supplier-Produced Asphalt Rubber Binders

Suppliers of modified binders not conly provide the modified binder, but

may include other services such as mix designs, plant connections, de-

livery of material to the plant, and in some cases, quality control

services. The price of modified binder per ton reflects these services.

The range of services provided by the supplier as well as the costs vary

among companies. The cost of supplier-produced asphalt rubber binder

ranges from $200 to $500 per ton. .
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Patent Royalties

Until recently, there were patents on the use of the wet process. The pat-
ent covering the use of extender oil as an additive will be in effect for
another three years. A typical royalty for using the process is around
$10/ton of asphalt cement. The patent covering the use of diluent as an
additive expired in December, 1992. In general, the affect of the patents
is not widely known at this time, but should be considered as needed
for specific projects.

Contractor-Produced Asphalt Rubber Binders

In order to retrofit existing plants for the on-site modificationgf asphalt
cements, some form of blending, or a combination of blending and reae-
tion tanks are required. Components that need to be added are rubber
storage, rubber feed, heated blending tanks (290 to 400°F) and (0p-
tional) a heated reaction tank (350 to 400°F).

Rubber storage requirements will depend upon the méethod used for add-
ing the rubber. Bagged rubber usnally coniés iS50 to 70 pound kraft
paper bags on pallets which are added t0 the tanksmanuallyaBulk rub-
ber can be stockpiled (covered) and féd into the tankSwia loading
buckets, hopper and conveyer systems.

Continuous Blending Systems

Figure 6-2 shows a general schematlc for & metering and blending unit
for a continuous bleniding system. 3 Thisawet process technology uses a
blending unit with agitators and tw& 500 gallon retention tanks. The
unit is also equipped With a booster heater and can be operated in either
continuous or batch modey The output capacity for this size of a system
ranges from 100,to 150 gpm of 2 to 20 percent crumb rubber modifier
(based on fine subber gradation). A system of this size can be operated
by oné persai, Operating costs including operator, electricity, mainte-
nance, testing and fuel for booster heater are around $25/hour. No
modifications to the hot-mix plant are required.




Page 6-8

Figure 6-2. Continuous blending technology—typical blending unit®

Portable Blending Unit
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Figure 6-3. McDonald technology—typical blending/reaction system
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Blending/Reactioq Systems

For modifying asphalts with a blending/reaction system (McDonald
technology), the schematic in Figure 6-3 would be required. All equip-
ment can be trailer-mounted for mobility. The reaction tanker is usually
a heated asphalt tanker with a modified agitation system and heat sys-
tem. A heavy duty pump is required to handle the higher viscosity
material; an abrasion-resistant pump is needed to withstand the wear
from suspended carbon black particles. Costs associated with the con-
struction of this equipment range from $100,000 to $400,000. Costs
will vary based on capacity of system, and whether the method of add-
ing rubber is mechanized. Operations of this type of system usually
require a three- to four-person crew. .

Energy Requirements and In-Place Costs
Chip Seals and Interlayer

One of the characteristics of asphalt rubber binders il these types of ap-
plications are their ability to be applied atg@ieater quantitiés per square
yard thereby increasing the embeddmert depth of the aggregate without
runoff or puddling problems. Convenfional unmodified paving grade
binders are placed at quantities of 0.351010.45 gal/yd2 while asphalt rub-
ber binders are typically placed at gualities of at least 0.60 gal/yd®
(typical range 0.5 to 0.75 gal/yd ). This diftereénce in gallons of binder
per square yard is a factor i comparing¢he cost of unmodified to modi-
fied products. In genefl, unmodified binders range from $80 to
$150/ton while asphalt rubber Binders range from $200 to $500/ton.
The difference in‘quantities typically used for each type of material en-
hanges any comparisontbetween project costs (Table 6-1).

R B R i T O i s B s
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Table 6-1. Typical in-place costs and energy
requirements for chips seals and interlayers
(assumed local job)
Category Typical costs per Energy réquirements
square yard (BTUslyd?)
) (After.Ref. 4)
(After Ret. 4)
Asphalt Asphalt- Asphalt Asphalt-
cement 2 rubber ’ cement . rubber
(0.45 galiyd®) | (0.60 galiyd) i 10m5 galiyd®) 10,60 galivd”)
Materlals
Asphalt cement $0.26 $0.22 1,370 1,745
NA $0.15 NA 1,260
Rubber {Grinding of
Rubber)
Additive NA $0.03 NA NA
Aduregate; $0.35 $0.35 1,909 1,908 -
digg‘irzlg;tion, (Crushed (Crushed
traffic control agg.) agg.)
Subtotal $0.61 $0.75 3,279 4914 -
Binder application
Asphaltirubber feaction NA $0.07 NA 40
Asphalt distribution $0.09 $0.12 195 225
Total $0.70 $0.94 3,474 5,179
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Hot-Mix Asphalt

A general formula for computing the cost of HMA mixtures with as-
phalt rubber binder is:’

Costapar= Costuua — (Costac x Pg) + (Costar x Pag)

Where:
Costumar = Cost per ton of hot mix with asphalt rubber
Costuma = Cost per ton of conventional hot mix

Costac = Cost per ton of unmodified asphalt cement

Ps = Percent of asphalt cement binder by total weight
of mix (decimal form)
Costar = Cost per ton for asphalt rubber binder

Par = Percent of asphalt rubber binder by total weight

of mix (decimal form)

The cost per ton for asphalt rubber binder modified by an established
supplier ranges between $200 and $500/ton. The coshof contractorssup-
plied asphalt rubber binder is unknown at this time.

Table 6-2 presents examples of the impaét of usingiasphalt fubber bind-
ers in typical dense-graded, gap-graded, and open-graded mixtures.
Please note that this equation is only a general form and does not reflect
any increased costs due to increasédmixing and storage temperatures.
However, it also does not inglude any cost savings resulting from the in-
clusion of mix designs and §ome quality ¢bntrol'work done by the
supplier.
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6.4 Dry Process

Table 6-2. Examples of estimated costs of HMA,
conventional binder, and asphalt rubber binder
(using supplier-produced asphalt rubber binder)

Total est.
$Ton $/Ton % AC, cost of
unmodi- | unmodi- | unmodi- | $Ton % AC,- | ‘asphalt
Mixture fied fied fied modified | modlified | tubber
type mixture | mixture | mixture | binder | mixture | holmix
(Costuma) | (Costac) (Ps) (Costan) | (Par) |(Costryar)

Dense-

graded $35 $100 5.5 $400 86 $55.50
Gap- '

graded $45 $100 6.9 $400 80 $70.50
Open-

graded $50 $100 75 $400 8.0 $78.50

From the highway.agency perspective, this increase in cost must be
compafed to thé expected benefil of using the modified binder. Life cy-
cle costs'ofithe HMAR needs to be compared to that of conventional
mixtures.

The dry process adds CRM as either a mineral filler or aggregate substi-
tute in HMA applications (i.e., dense-graded, gap-graded, and
open-grade niixtures). At this time, EnvirOtire is the only supplier-pro-
duced rubber modified hot-mix asphalt concrete (RUMAC). RUMAC
can also be contractor-produced.

Supplier-Produced RUMAC

PlusRide is currently the only supplier-produced RUMAC product.
PlusRide, a method patent, uses a stone mastic aggregate gradation with
a combination of coarse and fine CRM. Approximately 60 pounds of
CRM are used per ton of RUMAC.

The impact on plant operations is minimal. The cold feed of mineral
filler is required and assistance is provided by the supplier for plants
not equipped with fine aggregate feed equipment. Any increased operat-

TR,
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ing costs would be limited to minimal increases in discharge tempera-
ture requirements (approximately 20°F above conventional).

Patent‘Royalties

Typical royalty fees range from $20 to $30 more per ton than conven-
tional HMA. As with the supplier-produced AR, this cost increase
includes engineering fees associated with mix design, technical consult-
ation, on-site monitoring, the CRM, and equipment for adding rubber.
Typical in-place costs range from $40 to $70 per ton.

Contractor-Produced RUMAC
Equipment

Unlike the extensive equipment costs requiredswith the wet process, the
addition of rubber in the dry process requires only a meansiof storing
and feeding the rubber into the plant. A rap hoppef éan be used foradd-
ing CRM, providing that the conveyer belt is capable 0f weighing the
e, material being added. Assuming that a plantigmalready fitted with some
form of weight-monitored rap féed systefn, no other equipment modifi-
cations are required. ’ '

Some trouble has been noted withsbeing able to accurately meter the
rubber in this manner. Otherdifficulties have been noted in segregation
when a graded rubber is uséd. Some additional equipment modification
is usually required to remedy these problems. Specific equipment that
provides a more accirate blending and addition of rubber (i.e., PlusRide
metering system)diave been developed'to address these problems.

No€hanges are needed inithe construction process, assuming that steel
wheelrollers are available.

RUMAC Cost In-Place

A general formula for estimating the influence of modifying mixtures
on in-place eost is: '




Pagé‘ 6-14

Costrumac = Costgma + COStAc(PRUMAc - PHMA) + Costrubber

Where:
Costrumac = Cost per ton of RUMAC
Costuma = Cost per ton of conventional hot mix asphait
Costac = Cost per ton of unmodified asphalt cement
Puma = Percent of asphalt cement binder by tofal weight
’ of mix (decimal form) for unmodified binder
Prumac = Percent of asphalt cement binder by total weight
of mix (decimal form) for RUMAC
Cost ruwber = Raw material costs plus thé labor costs invelved

in adding rubber

Table 6-3 shows three examples for éstimating the cost of RUMAC in-
place. As with the wet process, this in¢rease i1 €0st.must be compared

to the expected benefit of using the modified binder. The life cycle

costs of the RUMAU nieed té b&eomparéd to those of conventional mix--

tures.

o,

Table 6-3. Examplés of estimated costs of RUMAC
compared to unmoditied HMA

$Rubber/Ton HMA* $/Ton RUMAC
Mixture §/Ton $Ton %AC, %AC, ), (Costhuber) {Costrumac) -
type Unmodified Asphalt Unmodified Modifled ;
o : 4 : 1% 2% 3% | 1% 2% | 3%
|Dense-
graded $35 $100 55 6.5 $6 $12 $18 | $42.00 | $48.00 | $54.00
Gap-
graded $45 $100 6.5 7.5 $6 $12 $18 | $52.00 | $58.00 | $64.00
Open-
graded _ $50 $100 75 8.5 %6 $12 $18 | $57.00 | $63.00 | $69.00

* Percentages of rubber based on total weight of mixture. Cost assumed $0.15/pound for the crumb rubber and $0.15/pound for
labor/handling at piant.
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Using asphalt rubber crack and joint sealants will add about 10 percent
to the cost of these maintenance operations compared to unmodified
sealants. Asphalt rubber modified sealants are one of the lower cost
modified sealants.

Use of asphalt rubber binder in the construction of chip seals and inter-
layers is approximately 25 percent more expensive; however, this is
more of a reflection of the increased binder contents (i.e., from 0.45 te
0.60 gal/yd®) than of increased operational costs. These figures are
based on relative costs of materials and generic changes in plant opera-
tions for contractor-produced materials. Based on current market prices
of supplier produced asphalt-rubber binders, the in-place cost would be
increased over 30 percent.

The use of asphalt rubber binders (i.e., wet process) in AR can result in &
cost increase of approximately 60 percent when supplier-produced fnodi-
fied binder is used. It would seem reasonable that as this material becomes
more widely used, free market competition will ifiprove thie.cost.

The use of RUMAC (generic) would add approxirfiately 15 to 55 per-
cent to the cost of hot mix asphalt concrete, depending Upon the
percentage of CRM added. Using patentedafiatefials wouldhincrease the
differences in costs compared to unmedified mixtures as well as
smaller-sized projects typical of experithental construction projects.

1.  Epps, Jon A, Univeristy of Nevada, Surveys of 50 States
1990-1991.

2.  Crafco, Inc., Chandler, ‘Ariz'ona, “Asphalt Crack Sealing, the
‘ins’ and the “Qufs’ as well asthe*whys, whens, hows, what
with’ and the ‘should I's’,” 1990. '

3. " Rouse Rubber Industries) Inc., “Suggested Contractor Inter-
cohnects for Modlar UltraFine™ Metering/Blending Unit,”
Broehw€ # 1403—3/5/92.

4. Epps, LA, Galloway, B.

5. Morris, G.R., Hansen, K.R., “Cost Considerations of
Asphalt-Rubber Hot Mix,” 4R 1990 Compendium.

6.  Caltrans, “Asphalt Rubber Hot-Mix, Gap-Graded Thickness
Determination Guide (Interim), March, 1992.

7. “PlusRide II, Asphalt User’s Manual,” EnvirQOtire, Inc.,
Seattle, Washington, Dec. 1992.
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This specification is intended to be a guide for highway agencies. Ap-
propriate 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

M17 Mineral Filler for Bituminous Paving Mixtures
T2 Sampling Aggregates

T 27 Sieve Analysis of Fine and Coarse Aggregate

T 255  Total Moisture Content of Aggregate by Drying

ASTM Standards

D242  Mineral Filler for Bituminous Paving Mixtures

C 136  Sieve Analysis

D297 = Methods for RubbefPidducts<Chemical Analysis
(natural rubber gontent)

3.0 General Characteristics

Crum® rubber modifier (CRM) is scrap tire rubber which has been proc-
essed by ambient grinding or granulating methods, reducing the rubber
to particles which generdlly. pass the 4.75-millimeter (No. 4) sieve. The
CRM may be obfained from any combination of passenger and truck
tires which méet this specification. It shall be free of injurious amounts
of steel, fabrie or other deleterious substances as specified in Deleteri-
ous Substances below.

4.0 Physical Requirements

4.1 Grading—The gradation of the CRM shall conform to one of the
following gradations.

7.1 Crumb Rubber
Modifier
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CRM4 | CRM-I | CRMAIl | CRMV | CRM-V | CRMVI |
Sieve Size percent of weight passing :
8.3 mm (Vain.) 100
4.75 mm (No. 4) 75-100 | 100
2.36 mm (No. 8) 35-50 | 80-100 | 100 |
1.18 mm (No. 16) 20-30 | 40-70 | 80-100 | 100
600 pum (No. 30) 0-20 | 40-80 | 70-100 4 100
300 um (No. 50) 0-20 | 2040 | 40-60 | 100
150 pm (No. 100) 50480

A mineral powder (such as calcium carbonate)dnceting AASHTO M17
may be added, up to a maximum of 4% by weight, to refliice sticking
and caking of the crumb rubber particles,

4.2 Deleterious Substances=The {iber content shall be less than
'0.1% by weight for sprdy applications aid less than 0.5% by weight for
all other applications. The CRM shall contain no metal particles. The
moisture content@halbbe lessthan 0.75% by weight. Mineral contami- .
nants (prier to/fthe addition of minetal powder) shall not be greater than ‘
0.25% by weight.

5.0 Supplementary Requirements

5.1 Specific Gravity—The specific gravity of the CRM shall be
115005

5.2 Chemical Analysis—The CRM shall meet the following limits:

natural rubber 15% - 30%
carbon black 25% — 38%
ash 8% maximum
acetone extract 109% - 18%
rubber hydrocarbon 40% — 50%

5.3 Packaging—The method of packaging shall take into considera-
tion the proposed CRM production method and the degree to which the
gradation of the CRM affects the final paving product. Segregation may
occur during shipment, therefore the size of the packaging unit (bag or o
bulk) shall be approved by the Engineer. S
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When the proposed production method specifies adding whole units of
CRM into a batch facility mixing chamber (pugmill), the containers
shall be a low density polyethylene material having a melting point of
less than 115°C (240°F).

6.0 Methods of Sampling and Testing

The gradation shall be tested in accordance with ASTM C136 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 rg~
moved from the fiber balls before weighing.

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

The moisture content shall be determined in accordance with AASHTO
T255, using a controlled temperature oven at 60°C (140°F) and 50
gram sample.

The mineral contaminant content§hall be determined by saline float
separation. Stir a 50 gram sample into a)l liter glass beaker filled with
saline solution (1 part table salt into 3 patts distilled water)and allow
the sample to stand for 30 minutesgFhe minetal contaminant is that ma-
terial which does not float to the top of the beaker,
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7.2 Asphalt Rubber
Binder

This specification is intended to be a guide for highway agencies. Ap-
propriate 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 in-
clude a determination of the validity of the patent rights and risk of
infringement.

1.0 Scope

This specification covers asphalt rubber bigder gradéd by climate zones
for use in asphalt paving construction. :

2,0 Applicable DBcumeiiis
Crumb Rubber Modifief Material Speeifieation

AASHTO Standard o,

M226  Viscosity Graded Asphalt Cement
MZ0 Penetration)Graded Asphalt Cement
T49 Penetration of Bituminous Materials

151 Ductility of Bituminous Materials
T179 Effect of Heat and Air on Asphalt Materials
(Thin-Film Oven Test)
ASTM Standards

D2994  Standard Test Methods for Rubberized Tar

D36 Standard Test Methods for Softening Point of
Bitumen (Ring and Ball)

D3407 Standard Test Methods for Joint Sealants, Hot-
Poured, for Concrete and Asphalt Pavements

D88 Standard Test Method for Saybolt Viscosity

D92 Standard Test Method for Flash and Fire Points

- by Cleveland Open Cup

D2007 Test Method for Characteristic Groups in
Rubber Extender and Processing Oils by the
Clay-Gel Absorption Chromatographic Method

G
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3.0 General Characteristics

Asphalt rubber binder is an asphalt cement binder modified with crumb
rubber modifier (CRM). An extender oil may be added to supplement
the composition of the binder. The blend of asphalt and CRM is al-
lowed to interact prior to incorporation into the construction.

4.0 Binder Requirements

4.1 Asphalt Cement—The asphalt cement shall meet the require-
ments of AASHTO M226 or M20. The selected source and grade shall
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 require-
ments of the CRM Material Specification. The selection of the CRM

properties, particularly the gradation, shall be egtablishediin the jobmix

formula (JMF) design.

4.3 Asphalt Extender Oil—The extender oil shall 6¢'a resinous,

high flash point, aromatic hydrocarbon meetifig the following test re-
quirements:

viscosity, SSU, 38°C (100°F)

ASTM D88 2500 min,
flash point, COC, ASTM P92 199°C (390°F) min.
asphaltenes, % by weight,

ASTM D2007 0.1 max.
aromatics, % by weight, ‘

ASTM D2007 55.0 min.

4.4 (Asphalt Rubber Binder—The asphalt rubber binder shall con-
form {0 the requirments given in Table 7-1.

5.0 Manufacturing Requirements

Asphalt rubber binder shall be prepared by blending and reacting the
materials in accordance with the conditions and the proportions estab-
lished 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 a uniform mix-

Page 7-7
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ture and maintaining circulation and even heat distribution at the reac-
tion temperature during the reaction phase.

6.0 Methods of Sampling and Testing

against the Brookfield for each modified binder develoj
test procedure shall be established for the partic

‘N
\
™

P ™
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Table 7-1. Requirements for asphalt rubber binder grades

s
. .

Grade ARB-1 | ARB-2 | ARB-3
Climate Zone
Test Method Hot , Moderate Cold
Highest mean weekly temp. °C | >38 | 261038 <26
° (>100) .~ (8010 100} (<80>
Lowest mean monthly temp. °C 50 -12t00 <12
' (°F) (>30) (1010 30) {<10)
Apparent viscosity (P) 1000 min 1000 min 1000 i
175°C (347°F)
ASTM D2994 spindie 3, 12 rpm 4000 max 4000 manx 4000 max
Penetration (1/10 mm) 25 min 50 min 75 min
25°C (77°F)
AASHTO T49 100 gram, 5 sec 75 max 100 max 150 max
Penetration (1/10 mm) 15 min 25 min 40 min
4°C (39.2°F)
AASHTO T49 200 gram, 60 sec
Softening point °C 54 min 49 min 43 min
. ASTMD36 (°F) {180 min) {120 min) (110 min)
Resilience {percent) 200mih 10 min 0 min
25°C (77°F) :
ASTM D3407
Ductility (cm) 5 min 10 min 20 min
4°C (39.2°F)
AASHTO T51 1 cm/min
Tests on thin film oven residusgAASHIO T179
Penetration 75 min 75 min 75 min
(percent of original retailed) :
4°C (39.2°F) :
AASHTO 149,200 gram, 60 sec
Ductility 50 min 50 min 50 min
(percent'of eriginal retained)
4° (39.2°F)
AASHTO T&1 1 em/min

Note: The binder measured for compliance shall include the extender oil
and any other additive proposed in the job mix formula.

P
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7.3 Surface
Treatments Wiih
Asphait Rubber
Binder

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

1.0 Description

This work shall consist of the application of asphalt rublier binder fol-
lowed by an application of cover aggregate.

2.0 Materials

- The materials for this work shall meefithe folloWing requirements:

2,1 Asphalt Rubber Binder—The asphalt rubber binder shall meet
the requirements ofghie Asphalt Rubber Binder Material Specification.
The selection of the grade of asphalprubber binder shall be determined
as a part of the job mix formula (JMF)design.

LT

2.2 Cover Aggrédate—Aggregates shall be crushed stone, crushed
slag, crughed gfavel ornatural gravel. Only one type of aggregate shall
be used. Aggiegates shall'meet the requirements of AASHTO M283. If
specified in the JMF, the aggregate shall be precoated with asphalt.

The aggregate shall have a retained asphalt film above 95 percent when
teSted in accorddhce with AASHTO T182. Aggregates that do not meet
this tequirement may be considered if a satisfactory anti-stripping addi-
tiveds used.

2.3 Binder Diluent—The binder diluent shall be a kerosene-type di-
laent compatible with all other materials as determined in the JMF
design. The kerosene shall meet the following additional requirements:

Flash Point (ASTM D92) 27°C (80°F) minimum
Initial Boiling Point

(ASTM D850) 177°C (350°F) minimum
Dry Point (ASTM D850) 232°C (450°F) maximum

NOTE: All kerosene may not meet these requirements.

2.4 Job Mix Formula—The job mix formula (JMF) shall specify
the source, composition and proportion of the aggregate, asphalt rubber pr—

* binder and additives for each surface treatment to be supplied for the
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contract. Only the materials approved in the JMF may be used. All sur-

face treatment materials incorporated into the project shall conform to
the individual tests’ tolerance ranges established in the JMF.

S

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 sur=
face treatment shall only be permitted under the following minimum
conditions and when weather conditions will permit prépénconstruction.

ambient air temperature 15°C (60°F) and rising
. surface temperature 15°C (60°%F pminimum
£ surface condition dry

3.2 Delays—When a delay in surface treatment applieation occurs,
the asphalt rubber binder shall be allowed to,cool. Just piior to use, the
asphalt rubber shall be slowly séheated to the Specified JMF mixing
temperature, thoroughly mixéd, and the viscosity ehecked. If the viscos-
ity is outside the JMF specifi¢ation, the asphalt rubber binder in
question shall not be aéeepted for further use.

3.3 Equipment

Distributor, The distributor shall be capable of uniformly ap-
plying the asphalt rubbet binder at the temperature and
applicationdatc specified in the JMF. The distributor shall be
equipped 10 maintain the specified temperature and provide
continuous circulation of the binder in the tank and distributor
bar to maintain binder homogeneity. The distributor shall be
equipped with appropriate gauges and meters for monitoring
the operation.

Aggregate Spreader. The aggregate spreader shall be self-pro-
pelled and of sufficient capacity to apply the aggregate within
P the specified time. The spreader shall have positive controls
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to deposit the quantity of material required in the JMF uni-
formly over the full width of the binder application.

Rollers. The rollers shall be self-propelled, pneumatic tire
and capable of reversing without backlash. Each tire shall be
inflated to a minimum of 700 kPa (100 psi) aid earry a mini-
mum 1,360 kg (3,000 Ib). The number of rollers and speed of
operation shall be approved by the Engineer.

3.4 Surface Preparation—The entire surface shall be cleaned us-
ing approved methods until the surface is acceptable to the Engineer.
After cleaning, the surface shall receive a tackeoatas dirécted in the
JMF.

3.5 Preparation of Asphalt Rubber Bindér—Production of the
binder shall conform to the Asphalt'Rubber Binder Matérial Specifica-
tion. The binder shall be maintained at the specifigdiixing temperature
without local overheating and shall be €itculated to maintain uniformity
until it is applied to tie pavemenbsurface.

3.6 Application of the Binder—The rate of application shall be

specified in the M, The amonnt of binder applied shall not exceed e
the capability ¢f the aggregate spréader and rollers to immediately
cover the@pplication and properly embed the aggregate.

The binder viscosity may be adjusted to improve the spray application
byddding a kerosene diluent. The type and amount of diluent shall be
established in the IME) The addition of the diluent should occur in the
distzibutor immediately prior to the spray application. The blending
progess should/achieve a uniform viscosity in the minimum possible
time. ‘Whensd diluent is used, the binder temperature for spraying shall
not exceed 150°C (300°F).

Building paper shall be used at the beginning and end of each applica-
tiont of the binder. Proper construction techniques shall be used for
Iongitudinal and construction joints.

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

The entire application of cover aggregate shall be rolled immediately af-
ter the aggregate is placed. The rolling pattern shall properly embed the
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cover aggregate into the binder. A minimum of three passes of the pneu-
matic roller shall be obtained.

After the rolling is completed, the entire surface shall be lightly swept
to remove any loose cover aggregate. Traffic will not be permitted on
the surface until the asphalt rubber binder has cured sufficiently to mini-
mize any dislodging of cover aggregate.

4.0 Method of Measurement

5.0 Basis of Payment

\ 4

N
>
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7.4 Hot-Mix Asphalt
With Asphalt
Rubber Binder

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

1.0 Description

This specification provides general requirements that are applicabléto
all types of hot mix asphalt concrete using asphalt rubber binder
(HMAR) irrespective of aggregate type and gradation, {¥pe and amigunt
of binder or pavement use.

This work shall consist of one or more couirses@f HMAR constructed
on a prepared foundation.

2.0 Materials

The materials for this work shall meet the following requirements:

.

2.1 “Asphalt Rubber Bindér~-The asphalt rubber binder shall meet
the requiréments of the Agphalt Rubber Binder Material Specification.
The selection of the grade of asphalt rubber binder shall be determined
as agparnef the job mix formula (JMF) design.

2.2 CoarseiAggregate—Coarse aggregate (retained on the 2.36
mm (No. 8) sieve) shall be crushed stone, crushed slag, or crushed
gravel meeting the requirements of AASHTO M283.

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 the requirements
of AASHTO M29. ’

2.4 Mineral Filler—Mineral filler shall meet the requirements of
AASHTO M17.

2.5 Additives—Anti-stripping and/or other additives (in addition to
crumb rubber) shall be approved in the JMF. Additives shall be added
at the specified rate using appropriate in-line blending or other ap-

proved method.
/"‘5“%& )

2.6 Job Mix Formula—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 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.

The JMF shall be established by the Contractor and approved by the En-
gineer 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 materi-
als from each source. The JMF for each mixture shall be in effect until

a modification is approved by the Engineer. '

3.0 Construction Requirements

3.1 Weather Limitations—The HMAR shall only be placed under
the following minimum conditions and when weather conditions will
permit proper construction.

For compacted thickness less than 1% inches:

ambient air temperature 15°C {(60°F) and nising
surface temperature 15°C (60°9F) minimum
surface condition dry

For compacted thickness 114 inchés and greater:

ambient air temperature- 10°C (50°F) and rising
surface temperature 10°C (50°F) minimum
surface condition dry

3.2 Delays—When a delay in HMAR production occurs, the asphalt

rubber bindershall be allowed to cool. Just prior to use, the asphalt rub- -

ber shall be slowly réheated to the specified JMF mixing temperature,
thoroughly mixeddnd the Viseosity checked. If the viscosity is outside
the JMF specifidation, the asphalt rubber binder in question shall not be
accepted for further use. '

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

The hot mix asphalt mixing facility shall have automatic con-
trols that coordinate the proportioning, timing and discharge
of the mixture. :
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The hauling equipment and compaction rollers may be thinly
coated with a light application of a non-petroleum based wet-
ting agent to reduce sticking of the mixture to the equipment.
Oiling the surfaces with kerosene or diesel fuel will not be
permitted.

Pneumatic-tired rollers will not be used.

3.4 Surface Preparation—Surface preparation shall conformito the
AASHTO Guide Specifications for Highway Construction.

3.5 Preparation of Asphali Rubber Binder—Production of the
binder shall conform to the Asphalt Rubbef Bindetr Material Speciiica-
tion. The binder shall be maintained at the specifiéd mixing temperature
without local overheating and shall be citeulate@l to maintain uniformity
until it is metered into the hot mix fagility mixing chamber.

3.6 Mixing, Placing and Compagting—Mixing, placing and com-
paction shall conform to the JMF and the AASHTO Guide
Specifications for Highway Construgtion.

4.0 Method of Measurement

5.0 Basis of Payment
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This specification is intended to be a guide for highway agencies. Ap- 7.5 Rubber Modified
propriate modifications should be made to reflect local conditions and Hot-Mix Asphalt
contracting requirements.

Rubber modified hot mix asphalt concrete may be covered by patents
4,086,291 and 4,548,962. Any use of this technology should include a
determination of the validity of the patent rights and risk of infringe-
ment.

1.0 Description

This specification provides general requirements that are applicable to
all types of rubber modified hot mix asphalt concrete (RUMAC) irre-
spective of aggregate type and gradation, crumb rubber type and
gradation, type and amount of asphalt binder, or pavement use.

- This work shall consist of one or more courses of RUMAC cdns_truéted
on a prepared foundation.

e,

2.0 Materials

The materials for this work shall meet the following requiréments:

2.1 Asphalt Binder—The asphalt binder shallmeet the require-
ments of the AASHTO M266 6r M20. The selectionrof the grade of
asphalt binder shall be determined as a part of the job mix formula
(IMF) design.

2.2 Coarse Aggregale—Coarse aggregate (retained on the 2.36
mm (NO. B),sieve) shall be grushed stone, crushed slag, or crushed
gravel meeting the;requirementsiof AASHTO M283.

2.3 Fine Aggrégate—Fine aggregate (passing the 2.36 mm (No. 8)
sieve) shall codsist of stone screenings, slag screenings, manufactured
sand, natural sand, or a combination thereof, meeting the requirements
of AASHTO'M29.

2.4 Mineral Filler—Mineral filler shall meet the requirements of
AASHTO M17.

2.5 Crumb Rubber—Crumb rubber shall meet the requirements of
the Crumb Rubber Modifier Material Specification. The selection of the

A
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CRM properties, particularly process method and gradation, shall be de-
termined as a part of the JMF design.

All crumb 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 ap-

proved in the JMF. Additives shall be added at the spe¢ificd raleusing
appropriate in-line blending or other approved method.

2.7 Job Mix Formula—The job mix formula (JMF) shall speciiy
the source, composition and proportion of thié aggrégates, mineral filler,
crumb rubber, asphalt binder and additives for each mixture to be sup-
plied for the contract. Only the materials approyéd in the JMF may be
used. All mixtures incorporated intd the projéet shall conform to the in-
dividual tests’ tolerance ranges established in the JMF.

That JMF shall befestabliskiéd by the Contractor and approved by the
Engineer in accordance,with the miix design specifications. At least 30
days prior to production, the Contractor shall submit to the Engineer a
JMF for each mixture, the §upporting test data, samples of materials
from gach sour€e, antha production work plan. The work plan shall de-
tail the equipment and séguence for adding the crumb rubber into the
mixing process. The JME for each mixture shall be in effect until a
modification is approved by the Engineer.

3.0, Construction Requirements

3.1 ‘Weather Limitations—The RUMAC shall only be placed un-
der the following minimum conditions and when weather conditions
will permit proper construction.

For compacted thickness less than 14 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) minimum
surface condition dry

T,

P
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3.2 Equipment—Equipment used for the production, placement and
compaction of RUMAC shall conform to the AASHTO Guide Specifi-
cations for Highway Construction with the following modifications:

The hot mix asphalt mixing facility shall have automatic con-
trols that coordinate the proportioning, timing and discharge
of the mixture. The facility shall be capable of uniformly feed-
ing and measuring the amount of crumb rubber placed into
the mixing chamber.

Transporting RUMAC on rubber belts is prohibited.

Drum 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 mix-
ing chamber.

The hauling equipment and compaction rollers may be thinly
coated with a light application of a non-petifdleum bdsed wet-
ting agent to reduce sticking of the mixture to the equiprments
Oiling the surfaces with kerosene or diesel fuel wWill,not be
permitted.

Pneumatic-tired rollers will not be,used.

3.3 Surface Preparation—Surface preparation shall'¢onform to the
AASHTO Guide Specifications fopighway Coenstruction.

3.4 Mixing, Placing and Compacting+-Mixing, placing and com-
pacting shall conform to the JME and AASHTO Guide Specifications
for Highway Construction with théfollowing modifications:

When the productionimethod uses units of CRM for propor-
tion ava batch facility, the batch size and CRM unit size shall
be adjusted to,use whole uhits of CRM. Adding partial units
of CRM into the mixing chamber will not be permitted.

Finish relling shall continue until the temperature of the mat
drops below 60°C (140 °F).
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CRM Product: Asphalt Rubber

Paving Product: Crack/Joint Sealant, ASTM D3405, D3406, D5078

Pavement Applications:
New construction Rehabilitation
Surface course X
Base course X

Principal Distress Countered: moisture

Mechanism to Achieve Performance:

This material is designed to seal cracks and joints to preyent penetgation
of water and surface debris into the pavement structuré. If fiot kept
sealed, distresses such as spalling, pumping, etc., miély develop.

Precautions/Applications Limitations:

A. Choose a sealant that is consistent with the environment, pave-
ment type, movement of the opening being sealant, shape/size
of the opening, life required of sealant, and traffic-construction
considerations. Asphalf rubber sealantis not recommended for
new PCC pavements.

B. Properly prepdiethe pavement to nsure that the manufacture’s
recommendations are followed ofi such items as shape factor,

application temperatures, pot life, etc.

8.1 Asphalt Rubber—
Crack/Joint
Sealant
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8.2 Asphalt
Rubber—SAM

CRM Product: Asphalt Rubber

Paving Product: Stress Absorbing Membrane (SAM)

Pavement Applications:
New construction Rehabilitation
Surface course X X
Base course

Principle Distress Countered: reflective gracking dnoisture
Mechanism to Achieve Performancé:

An asphalt rubber spray-applied membrane forms an elastic, imperme-
able layer capable 4f stretchingwith the erack movement without
rupturing.

Precautions/Application Ligitations:

A No stiuctural irength added to pavement.
B. Woiks best for cragks that do not open and close much, i.e.,
o Fatigue cracks thatdo not rock (move) under load and have
not deteriorated (spalling).
e Block cracks that are narrow which have not deteriorated
(spélling).
C. Does not work well for reflect;on cracks caused by:
PC(C slab Joints or cracks where spacing >135 ft.
Paulted PCC slabs.
Badly deteriorated (spalling) thermal or block cracks.
o Cement treated base reflection cracks.
o Soil cement base reflection cracks.
¢ Transverse thermal cracks in AC pavements.
D. Construction process is critical—must achieve design binder
spray rate and design aggregate spread rate, followed by
proper embedment.
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CRM Product: Asphalt Rubber

Paving Product: Stress-absorbing Membrane Interlayer (SAMI)

Pavement Applications:
New construction Rehabilitation
Surface course
Base course X

Principal Distress Countered: reflective cracking
Mechanism to Achieve Performance:

Intercept crack tip with an elastic membrane nfatérial thiatean absorb
the stress and delay cracking.

Precautions/Application Limitations:

A. Works best for cracks thatdénof open and elose mugh, i.e.,
e Fatigue cracks that do not toek (move) undenload and have

not deteriorated (spalling).

e Block cracks that are naffow Which have not deteriorated (spalling).

B. Does not work well for reflection cracks caused by:

e PCC slab joints or €racks wher€ spacing >135 ft.

e Faulted PCC slabs

o Badly deteriorated (spalling) thermal or block cracks—
should consider milling deteriorated material and/or in-place
recycling tobreak up distress patterns.

e Cement treated base reflection cracks.

o Soil'cement base reflection cracks.

® Tranéverse therimal cracks in AC pavements.

C. 'Construction process is critical—must achieve design binder
spray rate and design aggregate spread rate, followed by
proper embedment.

D. Applications have involved placing the interlayer near the sur-
face of the existing pavement. May be placed directly on
non-deteriorated pavements. Should be placed on top of a thin
leveling course over a deteriorated pavement.

E. Applications which involve the addition of a diluent to the as-
phalt rubber binder to reduce spray viscosity must be allowed
to cure prior to overlaying.

8.3 Asphalt
Rubber— SAMI




PAGE 8-6

8.4 Asphalt
Rubber—
Dense-graded
HMA

AT,

CRM Product: Asphalt Rubber

Paving Product: Dense-graded Hot-mix Asphalt

Pavement Applications:
New construction Rehabilitation
Surface course X X
Base course X X

Principal Distresses Countered: fatigue ¢rackingutting, and reflec-
tive cracking.

Mechanisms to Achieve Performance:

Improved binder properties=&lasticity ificreases fatigue life, reduced
temperature susceptibilify increases mutting resistance and/or reduces
low temperature cracking, and durability reduces aging.

Precaditions/Application Limitations: ——

A. Mixtures designed with asphalt rubber binder require slight
modifieations to design procedures, criteria for field control,
and constiuction practices.

B. Works best for improved fatigue life and resistance to reflec-
tion cracking from non-working cracks (fatigue cracks, block
cracking). Can improve rutting resistance when proper aggre-
gate gradations are selected.

C. Will not improve resistance to reflective cracking from work-
ing cracks/joints (faulting, thermal cracking, >15’ joint
spacing).



CRM Product: Asphalt Rubber

Paving Product: Gap-graded Hot-mix Asphalt

Pavement Applications:
New construction Rehabilitation
Surface course X X
Base course X X (like SAMI)

Principal Distress Countered: fatigue cracking, rutting, and reflectiofi
cracking

Mechanisms to Achieve Performance:

e Improved binder properties—elasticity increaseifatigue life,
reduced temperature susceptibility reduées low temmperature
cracking, and durability reduces aging.

¢ Increased binder contefits—moré clastic binder to retard
reflective cracking and thicker binder filmsito retard aging.

o Gap-graded aggregate—increase8stability to resist rutting.
Precautions/Application Limitations:

~ A. Mixtures desighed with\asphalt rubber binder and gap graded

~ aggregate reqguire modifications40 design procedures, criteria
for field control, and construction practices. Present mix de-
signs are trial andierror to determine maximum allowable
bindencontent. ‘

B.\ Works best Tor resistance to reflection cracking from non-work-
ing ofacks (fatigue cracks, block cracking) and minor working
cracks. Will not improve resistance to reflective cracking from
major working cracks and joints.

C. Couldreplace SAM’s in urbanized areas to eliminate loose ag-
gregate particles.

PAGE 8-7

8.5 Asphalt

Rubber—
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8.6 Asphalt
Rubber—
OGFC

CRM Product: Asphalt Rubber

Product Application: Open-graded Friction Course (OGFC)

Pavement Applications:
~ New construction Rehabilitation
Surface course X X
Base course

Principal Distress Countered: surfdce textuné, splash and spray
Mechanisms to Achieve Performance;

o Increased viscosily inémeases film thickness which enhances
aggregate refention, reduces draindown which increases
resistance to moisture damage, and reduces aging which
extefids the life of the OGFC. oy,

¢ Open graded aggregate gradation provides a porous surface
to remove water and reduce splash and spray.

Frecautions/Application Limitations:

A. OGFC mixture designs with asphalt rubber binder require
modifications to the design procedures, criteria for field con-
trol, and construction practices. Optimum mixing and
placement temperatures will increase because of the higher vis-
cosity of the CRM binder.

B. Friction characteristics are not affected by binder type.

C. OGFC could replace SAM’s in urbanized areas.
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CRM Product: RUMAC—Rubber-modified Hot-mix Asphalt Concrete

Paving Product: Gap-graded Hot-mix Asphalt

Pavement Applications:
‘ New construction Rehabilitation
Surface course X X
Base course X (large stone) X {like SAMI)

Principal Distresses Countered: rutting, reflective cracking
Mechanisms to Achieve Performance:
® Gap graded aggregate increases stability to resist rutting,

® Increased binder content provides thickef Binder films 1o
retard aging.

e Rubber aggregate parti€les retard reficetive cracking.
Precautions/Application Limitations:

A. Mixture design procediffe dogs not follow either Marshall or |
Hveem procedures bilt rather uses air voids criteria (2 to 4 per-
cent). Field control and construction practices are also
modified.

B. Aggregate and CRM gradations are a recipe type specification
or designed forgach mixture.

C. CompactiBnmust continue until mat cools to 140°F to reduce
the effect of rubbenpartial swell at elevated temperatures.

D. This gap graded mixture is more sensitive to proper design and

construction.

8.7 Gap-graded
RUMAC
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8.8 Dense-graded
RUMAC

CRM Product: RUMAC—Rubber-modified Hot-mix Asphalt Concrete

Paving Product: Dense-graded Hot-mix Asphalt

Pavement Applications:
New construction Rehabilitaiion
Surface course
Base course X X

Principal Distresses Countered. reflective cragking

Mechanisms to Achieve Performange: rubberaggregdle particles may

retard reflective cracking.

Precautions/Application Limitations:

A. Mixture design procedures for dense graded RUMAC require
modifi€d design procedures, field control, and construction

practices.

B. Aggregate and CRM gradations are designed for each mixture.

C."Compactibn must continue until mat cools to 140°F to reduce
the effect of rubber partial swell at elevated temperatures.

D. This dense graded mixture is more sensitive to proper design

and construction.
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Design of Asphalt and Crumb Rubber Modifier
Blends for Highway Applications

Tire rubber has been used as an additive to asphalt cement in various ap-
plications in highways for over 40 years. Generally, the tire rubber has
been ground to a particulate or crumb form prior to use. This form of
tire rubber is designated as Crumb Rubber Modifier (CRM). When the
CRM is added to asphalt cement, the rubber particles will interact with
the asphalt and swell. The swelling process is dependent on many fac-
tors such as the physical and compositional characteristics of the

asphalt and CRM, temperature, time and mixing conditions. The Fed-
eral Highway Administration (FHW A) defines Asphalt Rubber (AR)@s
“asphalt cement modified with CRM”.! If a sufficient quantity of CRM
is added to the asphalt, and the blend is subjected to conditionshat
facilitate the swelling process, the properties of the mixture will €hange
significantly. The FHWA definition does not indicate ranges of applica-
ble rubber contents and, therefore, can be applied to any blend of
asphalt and CRM. The ASTM definition of asphalt rubber” requires a
minimum of 15 percent rubber which will achieve a binder with modi-
fied properties. For purposes of the paper, the FHWA'définition of AR
is being used. The properties andgise of AR materials for various pav-
ing and maintenance applications iave béen documented inthe
literature. Properties of AR materials iave been extensively studied and
are reported in references 3 through 14. Reéported uses include:
(1) stress absorbing membraneé (SAM) and mterlayers (SAMI),
(2) binder for hot-mixed ;)avmg applications, “and (3) pavement
crack and Jomt sealants.’

15-27

The objective of this paper is to praviden understanding of factors
that need to be considered during the binder design process for AR
blend&for various highway applications. Specific areas covered in-
clude: (1) th&interaction between asphalt cement and CRM, (2) test
methods that can bémsed to determine material properties, (3) factors
that influence thie interaction between asphalt cement and CRM, (4) the
design process for asphalt and CRM, and (5) asphalt and CRM blends
for varioug fighway applications.

Asphalt cements are composed of a variety of petroleum fractions.
Standard classification of these fractions are: (1) asphaltenes, (2) resins,
(3) cyclics, and (4) saturates. Compositional ranges for the fractions can
vary widely for asphalts from different crudes and refining techniques.
Typical variations are: (1) asphaltenes are from 5 to 25 percent, (2) res-
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ins from 10 to 35 percent, (3) cgchcs from 40 to 65 percent, and (4)
saturates from 5 to 20 percent.”™ Asphalt cement also varies in physical
properties such as stiffness, temperature susceptibility, and aging for
various sources and grades available.

Tire rubber is composed of a variety of rubber compounds that are used
in different portions of tires. Additionally, differing rubbes¢ompounds
are used in different tire types. The compositional analysis method that
is typically used for tire rubber is ASTM D297. 0 Applicable portions
of this method can be used to analyze the five typical fractions of tite
rubber such as: (1) acetone extractables, (2) ashp(3) carbon black.A4)
synthetic rubber, and (5) natural rubber. Lagrone41 has reporied that rub-
ber composition from differing types of fites candvary.

CRM is produced by processing the rubber rtaw materials into the de-
sired particle size and then removing tindesirablesgefiiaminants. Two
basic processes argused. Ambient processing is performed mechani-
cally by ripping and shredding the rubben at ambient temperature. This
process results in a shifdded, rough Sisface texture. Cryogenic process-
ing first subjects the rubbento very low temperatures at which the
rubber becomesbrittle. Then, the rubber is subjected to impact to frac-
ture it to the desired particle sizeaCryogenic processing results in a
smooth, glassy surface texture. Particle sizes typically used in highway
applications vary from maximum sizes of approximately 1/4 inch down
‘to 108umesh.

When CRM is added to asphalt cement, the rubber particles will generally
become swollen in the asphalt. The extent and rate of swelling have been
found to be dependent on many factors including temperature of the mix-
ture, tithegand physical and compos1t10nal characteristics of the asphalt and
rubber. Tolonen and Green® studied and characterized the swelling process.
As the rubber particles swell, the interparticle distance between them is re-
diced which results in an increase in the viscosity of the blend. Tolonen
and Green® also determined that rubber swells due to absorption of the oil
or asphalt fluid that it is immersed in and that different oils are absorbed to
greater or lesser degrees. Absorption of fractions of the asphalt by the rub-
ber was hypothesized to result in an increase in viscosity of the unabsorbed
asphalt by approxunately four times at 15 percent rubber, and six times at
20 percent rubber.’ Swelling of CRM in asphalt is defined as reaction.

To illustrate changes that occur to the asphalt when the rubber swells,
several sets of tests were performed. First, whole tire CRM of which
100 percent passed the number 16 sieve and O percent passed the num-
ber 30 mesh sieve was mixed into AC-30 asphalt at 10 and 15 percent
by total weight and then stored with intermittent stirring at 350+£10°F.
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Physical properties of the mixtures are shown in Table 9-1. Data shows

‘an increase in viscosity during the storage period indicating that the rub-

ber swelled. Following the 90 minute storage period, the mixtures were
placed on a number 40 sieve and allowed to drain at 300°F for 30 min-
utes to separate the asphalt and the swollen CRM particles. The
separated asphalt from the mixes had lost some of its components due
to absorption by the rubber. Test data for the separated asphalt is shown
in Table 9-2. The data shows that the separated asphalt from the 10 and
15 percent CRM mixtures has become stiffer. The residue from the 15
percent mixture was 2.3 times higher in absolute viscosity than the
original asphalt. The penetration dropped 38 percent, and the ductility
was reduced to 30cm. from 100cm. Another mixture using a 120/150 4s-
phalt from a different source was subjected to the same procedure using
15 percent of the same whole tire CRM. Results are shown in Table 9=
3. The data shows that the separated asphalt had a viscosity at 140°F
which was 2.0 times the original asphalt and a penetration decrease, of
37 percent. :

A third set of experiments was performed using a §imilar proccss with
the same source of whole tire CRM except that it was 100 percent pass-
ing a 16 mesh and O percent passing a 20 me8h Sieve and ah AC-10
asphalt. Additionally, the chemical analygis of the asphalt wasideter-
mined using an Iatroscan both before and after separation. Data is
shown in Table 9-4. These data show a Viseosity increase at 140°F of
2.0 times and a reduction in penéfration of 37 percent. These results are
very similar to the other two géts of results reported in Tables 9-1, 9-2
and 9-3. The chemical analysig data also shows that the asphalt compo-
sition changed. Increasés in a compositional fraction amount after
separation would indicate a tendeney towards reduced absorption of the
fraction while a decrease would indicate an increased tendency to ab-
sorb that fraction. The data shows an increase of 25 percent in
asphaltenes,'hl percent in'tesins, and 4 percent in saturates. The cyclics
experignced a deci@ase of 5 percent. This information indicates that
there is preferenfial absorption of asphalt components by rubber with
the greatgst téndency to absorb cyclics and the least tendency to absorb
asphaltenes.

As previously described, when CRM is added to asphalt cement, it will
tend to swell in a time and temperature dependent manner. For ease of
mixing, CRM is generally added to hot, fluid asphalt at a temperature
between 250 and 450°F. Figure 9-1 illustrates a typical plot of the vis-
cosity increase of an asphalt and CRM blend with time. The amount of
viscosity increase and rate depends on a wide variety of factors as pre-
viously discussed. After the CRM swells in the asphalt, if temperature
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9.3 Measurement
of Physical
Properties

is high enough and the AR is stored at the elevated temperature long
enough, viscosity will begin to be reduced. This reduction in viscosity
occurs as the swollen CRM particles experience depolymerization and
melt into the asphalt. CRM depolymerization will proceed quickly
(within several hours) when temperature is above 400°F, and more
slowly at temperatures of 300 to 375°F.

As the rubber swells and the mixture increases in visc@sity, the physical
properties of the mixture change. Typical changes that €an occur are:

1) an increase in high temperature viscosity, 2) an increase in high in-
service temperature stiffness and softening resisfanes, 3 j amincrease in
elastic characteristics, 4) improvements indow tempéerature propeities,
and 5) improvements in aging resistance. The degiec of €hanges in
properties that occur depends on the physical afid chemical charac-
teristics of the asphalt and rubber, the amount of rubbef, the mixing
conditions, time and temperature.

The physical properties of AR have been sfiown in a variety of studies
to be substantiallf@ifferent from unmodified asphalt cement.>* Many P
of these studies investigated the use, of standard asphalt cement testing
procedures Such as penetration, absolute viscosity, ring and ball soften-
ing point, etc,, as well as a variety of procedures used for other
materials and several research procedures such as the Schweyer
Rifeometer,” shdmé plate viscometer,” force ductlhty,4 5.10.12 torque
fork V130031ty mechanical spectrograph or dynamic mechanical
analys1s, and several others. Each of these procedures provides an indi-
cationef certain characteristics of AR materials.

For any application that an AR blend will be used in, there are several
general characteristics of the blend that should be considered for appro-
priateness in the specific application.

e Pumping consistency at the placement temperature

o Consistency (stiffness) at the high range of the in-use tempera-
ture that the material will be subjected to

e Consistency at moderate in-use temperatures

Elastic characteristics

PN

Elongation properties
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o Stiffness or fracture characteristics at the low range of the in-use
temperature which the material will be subjected to

Several types of testing methods have been and can be used to evaluate
these characteristics.

Pumping Consistency for Placement

Pumping consistency at typical placement temperatures (250—400°F)
can be monitored using rotational type viscometers such as a Haake
hand-held, portable viscometer'? or a Brookfield viscometer (ASTM

- D2669).” While these tests are being performed, it is important to gn-
sure that the rotating probes are conditioned to the test tempefature, and
that readings are taken at specific intervals because of a tendency with
some blends and for viscosity readings to reduce due to rubber particle
migration away from the probe while it is rotating. The Viscosity range
at placement temperatures for AR blends is mainl§ affected Byithe tub-
ber type, content, and degree of rubber swelling, and ean vary from 100
to 20,000 centipoise for various applicationss

A,

High In-Use Temperature Stiffness

High in-use temperature stiffness at typical highsrange pavement sur-
face temperatures of 120-170°F can be indicated by several different
testing procedures. The Ring and Ball Soffening Point (ASTM D36)
procedure providésian indication ofwelative stiffness of materials.
Higher softening pointtemperature results indicate materials that are
mele résistant to softening at high temperatures. Results for AR will
vary from appfoximately 110°F to 180°F. Results are mainly influenced
by asphalt grade, rubber.type and content, and degree of reaction.

The ASTM 155329 flow procedure is specified for indicating the ability
of pavemeént crack and joint sealants to resist flowing along a 75 degree
slope at 140°F. Lesser amounts of flow indicate materials with in-
creased resistance to migration at 140°F. Typical specification limits
using this type of procedure for sealants are 3, 5, or 10 millimeters of
flow in five hours. Some AR blends can experience much greater
amounts of flow in this test. However, the test procedure can be modi-
A fied for use with AR blends by using a lower angle such as 45 degrees,

or lowering the test temperature to 120°F.
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Penetration testing at higher temperatures than the standard 77.0°F can
provide an indication of high temperature stiffness. Testing can be per-
formed at temperatures such as 115 or 122°F using the ASTM D5
procedure with the standard needle, or with a cone as specified in
ASTM D5329. Lower penetration values indicate stiffer materials at
that temperature.

The absolute viscosity procedure (ASTM D2171) at 140%F has been
used to indicate high temperature viscosity of AR materials. Some test-
ing has also been performed using a modified version of thé test with a
lower vacuum. Since the test requires flow of thegmaterial throngh an
orifice, it is most applicable for use with smalier particle size CRM
(less than 30 mesh) due to flow interference that can@ccurakith larger
particle size CRM. Results can vary from the result for thejunmodified
asphalt cement (typically 500 to 4,000 poise) to readings ¢f over
100,000 poise for high rubber content AR, When testiig AR, large size
tubes should be used tdreduce £RM particle flow interference.

Asphalt and CRM blends liave been previously tested using the me-
chanical spectrograph (Dynamiie, Mechanical Ana\lyzc:r)3 to determine
characteristics over@Wide température range. The DMA procedure is
being uséd o spefily asphalt stiffiessiat high pavement surface tem-
peratures in the\Strategic Highway Research Project’s asphalt cement
specification that is currently being developed. This procedure could be
adaptedforuse with AR.

Moderate Temperature Consistency (77°F)

Moderate temperature consistency (77°F) can be evaluated using the
standard ASTM D35 penetration test or by using the cone penetration
test as specified in ASTM D5329. The standard DS test with the needle
iSimost appropriate with finer rubber particles (minus 20 mesh) while
the cone penetration test is more appropriate with larger rubber particles
(10 mesh). Testing has shown that results for the two types of penetra-
tion tests (needle, 100 grams, 5 seconds and cone, 150 grams, 5
seconds) typically agree within approximately 10 percent for tests at
77°F. The addition of CRM to asphalt cement decreases the penetration
at 77°F. Typical penetration results range from approximately 30 for
high CRM content materials with stiff asphalts to 150 for lower CRM
content materials with soft asphalts.
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Elastic Characteristics

The elastic characteristics of asphalt and CRM blends can easily be
evaluated using the ASTM D5329 resilience procedure. This procedure
indicates the percentage of rebound of the material at 77°F under a 75
gram load after the material was compressed. Typical results for asphalt
cement vary from approximately O to 5 percent for AC-20 or 30 grades
to approximately —50 percent for AC-5. Addition of CRM to asphalt in-
creases resilience up to approximately a result of 40 to 50 percent above
the original asphalt result for high CRM contents.

Other procedures that can provide an indication of elastic properties gf
AR include: (1) a ductility rebound test in which standard ductility
specimens are extended a certain distance, movement is stopped, the
specimen cut in the center, and rebound is measured after a défined ins
terval, and (2) the DMA analysis of storage modulus of the matérial.
Both of these procedures can provide indications of elastic charae-
teristics at a variety of temperatures.

Elongation Properties

The elongation properties of AR canbe indicated using the standard
ASTM D113 ductility procedure, The addition of CRM to asphalt tends
to reduce ductility at 77°F, b may increase ductility at low tempera-
tures. Results at 77°F for higher rubber gontent blends can vary
between approximately, 10rand 40 centimeters depending on the CRM
type, asphalt physical and chiemical characteristics, and degree of reac-
tion. The ductility test can also be €asily performed at lower
temperatures to provide,an indication of elongation properties at low
teperatuics. : o

Low Temperature Stiffness or Fracture Characteristics

Low temperature stiffness or fracture characteristics can be measured
using several different types of procedures. Types of procedures that
can be used include: (1) needle or cone penetration at low temperatures
of 32 or 39.2°F (ASTM DS or D5329), (2) ductility at 39.2°F (ASTM
D113), (3) flexibility at a specific low temperature using the ASTM
C711 flexibility procedure, or, with modifications, (4) DMA testing at
low temperatures, (5) the SHRP proposed bending beam procedure, or
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9.4 Factors Which
Infiluence
Asphait
Rubber
Properties

(6) the Fraas brittle point procedure. CRM additions to asphalt cement
have been shown to be capable of offering some improvements in low
temperature properties. The major manner of improving low tempera-
ture properties, however, is to use softer grades of asphalt that offer
improved low temperature properties, and then to add CRM to increase
the high temperature stiffness to the desired level.

The interaction that occurs between asphalt cement and CRM and the
physical properties which result have been shown through many re-
search studies to-be dependent on a variety of factors ineluding: 1)
asphalt cement physical and chemical propeities, 2) £RM physical and
Chemical properties, 3) reaction time and temperature, 4) mixing condi-
tions, and 5) use of additives.”” When(@evelopifig an AR blend for a
specific use, the effect of each of these fictors neéds,to®e considered to
assure that an appropriately functioning material is produced.

Asphalt Cement

The physical prioperties of the asphalt cement influence the properties
of AR blends. The stiffness, (€mperature susceptibility and aging char-
acteristics.of the'asphalt will affect the high temperature and low
température performance of the blend. Typical grades of asphalt that are
usetl with CRM fer various applications and climates range from AC-
2.5t0.AC-30 (or AR-1000 to AR-4000). Use of stiffer asphalts will
produce, AR materials that have greater high temperature stiffness than
obtained Withi€olter asphalts. However, stiffer asphalts will produce
AR materials that are harder at low temperatures than those made with
softer asphalts.

The effects of asphalt grade on modulus determined from tensile creep
testing™ are shown in Figures 9-2, 9-3 and 9-4. These figures show the
relations between AR made using 16 to 17 percent of a whole tire 20
mesh CRM and three grades of asphalt (AC-20, AC-5, and AC-5 with 5
percent extender oil). Additionally, for comparative purposes the data
for the unmodified AC-5, AC-20 and AC-40 are shown. It is noted that
due to the lower degree of temperature susceptibility of the AR, the AC-
5 AR blend is stiffer than the AC-20 at 77°F, but softer by
approximately one order of magnitude at 22°F.

Physical test properties of the base asphalts and AR blends from Fig-
ures 9-2, 9-3 and 9-4 are shown in Table 9-5. Data shows that the AR

B ™
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materials have modified high temperature, moderate temperature, and
low temperature characteristics compared to the unmodified asphalt ce-
ments. These data also show that stiffer asphalts produce stiffer AR
materials and that softer asphalts produce softer AR materials with im-
proved low temperature properties.

Chemical properties of the asphalt cement can also influence the charac-
teristics of the AR by affecting reaction of the rubber. Asphalts that have
lower levels of components which are absorbed by the rubber can tend to
produce AR materials with lower viscosities and lesser degrees of modifica-
tion of properties. Table 9-6 shows chemical analysis of two AC-20
asphalts and viscosity data during a 180 minute heating period using 15 per
cent whole tire 10 to 20 mesh CRM. It is noted that asphalt A produces
higher viscosities than asphalt B throughout the 180 minute heating perigd.
The Ring and Ball softening point data, however, is similar.

Crumb Rubber Modifier (CRM)

Many of the characteristics of the CRM can influence properties of AR.
Previous research has reported on the effedts of tubber quantity in the
blend and particle size distribution.” Additional effeets include? (1)
CRM surface area, (2) grinding process, (3) CRM chemical composi-
tion, and (4) contaminants such as water, £iber, mineral, ¢r metal.

CRM Quantities

The amount of CRM added to the asphiait will influence blend proper-
ties aith higher amounts providing greater changes in properties. Table
9-7 shows properties of ant AC-20 asphalt when blended with from O to
21 percent of a minus,16 mesh whole tire CRM and stored for 90 min-
utes at 350+ 10°F. From thesSe data, it can be seen that as rubber content
increases, that: (1) the viscosity of the material at 350°F increases, (2)
the resilience increases, (3) the softening point increases, and (4) the
cone penetration at 77°F decreases.

CRM Particle Size Distribution (Gradation)

The particle size distribution of the CRM has previously been shown to
influence the physical properties of asphalt and CRM blends. Gener-
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ally, small differences in the particle sizes do not affect blend properties
significantly, but large differences in CRM size can produce larger dif-
ferences. Finer sized CRM materials will generally experience quicker
swelling due to their increased surface area, and will produce higher vis-
cosities than CRM with larger particle sizes. Additionall§, ¥ery small
particle size CRM will tend to more quickly experience viscosity reduc-
tions during heating due to its quicker and more thorough swelling and
subsequent depolymerization.

Table 9-8 shows differences in physical properties of AR hlends made
using a 20 mesh tire rubber that was sieved and then recombined to a
coarser and finer gradation by 10 percent ondhe No. 40screen. The cal-
culated surface areas* vary from .0047 to 0073 m*ram based on
gradation. Physical property data indicates pnly slight, if any, changes
in properties. This tends to indicate that minor changes in gradation
with a rubber source should not significantly influénee physical proper-
ties of the AR.

Physical property data fof three differéntsizes of rubber with a 120/150
penetration asphalt are showihin Table 9. Rubber sizes in Table 9-9 are
a 10 to 20 mesh, aminus 20 mesh, and a minus 80 mesh which can be
referred(t0,as cofirse, medium and fine. Data in Table 9 shows that dur-
ing the 120 minute heating period, that the 20 mesh rubber mixture
produced thehighest viscosity and softening point. The finer 80 mesh
rubber, hewever, produced the highest ductility and the lowest resil-
iencé and softening point. Low temperature fracture characteristics of
theé 80 mesh material Were improved compared to the 10 to 20 or the mi
nu§ 20 mesh.

CRM Surface Area

Surface area of the CRM can influence physical properties. In some
ways, this is similar to gradation; however, surface area differences can
exist even for CRM with similar gradations. The surface area of CRM
can be measured using the BET gas absorption analytical procedure.
Test results using this procedure with krypton gas have shown surface
areas that vary between 0.04 and 0.10 m*/gram for typical 20 mesh am-
bient grind CRM. Surface area calculations based on the MS-2
gradation procedure*® (which assumes spherical shaped particles) typi-
cally shows surface areas that are approximately one-tenth that of the
BET results for 20 mesh ambient grind CRM produced from tires. Test-
ing was also performed using a 40 mesh, hard, non-tire rubber product
that only contained 14.7 percent rubber hydrocarbon and had an ash
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content of 57.6 percent. The calculated surface of this material was
0.030 mZ/gram and the surface area that was measured by BET was
0.024 m*/gram. This shows a much closer agreement between surface
area results with this harder rubber. On the basis of these results, it is an-
ticipated that cryogenically ground rubber will have surface areas that
are more similar to the value calculated from gradation.

Table 9-10 shows test data for two CRM products that were manufac-
tured by the same company using truck tire tread rubber from different
sources at two different production plants. It is noted that the chemical
analysis is very similar, that there are some minor differences in grada-
tion, and that the BET surface area of material 2 is 59 percent greater
than for material 1. Physical properties of AR materials using these
CRM materials at 16 percent are shown in Table 9-11. The data shows
that CRM source 2 produces approximately twice the viscosity(and
greater resilience than CRM source 1 with other properties being Simi-
lar. To attempt to identify differences, CRM source 1 was sieved and
recombined to match the source 2 gradation. This data‘is alse showi in
Table 9-11. This gradation modification did not regiilt in changedAR
properties. The differences in AR properties between CRM sources ap-
pears to not be related to chemical or gradationdifferences, but to the
surface area differences of the tw@ €RM fiaterials.

CRM Grinding Process

As previously discussed, the CRM production process can influence the
physical shape and sufface areacharacteristics of the rubber particles.
Additionally, ambiént temperature sizea€duction results in rough shred-
ded particle surfaces, While cryogenic size reduction results in smoother
glaséysurfaces. A sampléef cryogenically produced 20 mesh CRM
was tested fomsurface areausing the BET procedure and compared to
results for the same gradation of an ambient ground whole tire rubber.
The ambient gifnd CRM éatculated surface area was 0.0068 m%/gram
and the BET result was 0.030 mzlgram. The cryogenic CRM calculated
surface atea was .0064 mzlgram and the BET result was 0.017 m2/gram.

Table 9-12 shows AR properties for the ambient and cryogenic pro-
duced CRM materials at a 17 percent content in 120/150 asphalt. These
results show that the cryogenic produced CRM produces viscosity in-
creases at a lesser rate than the ambient CRM. As could be expected,

the physical properties of the cryogenic CRM AR are not modified to

as great a degree as with the ambient CRM as indicated by lower soften-
ing points and ductilities.
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CRM Chemical Composition

As previously discussed, tires are composed of several different types
of rubber compounds. The major variations are in the synthetic rubber
content, natural rubber content, total rubber hydrocarbon ¢ontent, and
acetone extractables. Ash and carbon black contents are typically simi-
lar for different tire rubber compounds. The major CRM_g@iffipositional
effect on AR physical properties is the total rubber hydfocarbon content
of the rubber with additional effects from the natural rubber content.
When using CRM, it is important to comprehend that tire rubber is typi-
cally composed only of about one-half of actual#iiiber polymer that
will swell in the asphalt. The other major in@redients (¢arbon black,
ash, oil) do not swell when added to hot asphalt. Thereforé, the effec-
tive rubber hydrocarbon content (the AR rubbexcontent times the
rubber hydrocarbon content of the rubber) becomes a faétor that should
be considered during the AR design progess.

Table 9-13 shows gradation and éempositional properties of a 20 mesh,
whole-tire rubber and a@0mesh, high=fabber hydrocarbon-content rub-
ber from a non-tire source. Itis noted that the gradations and BET
surface areas are gifiilar, but thasthe non-tire source has a higher rub-
ber hytroearbail Content (62.2 percent versus 49.8 percent) and a higher
natural rubber ratio (88.6 percent versus 48.8 percent). Table 9-14
shows AR data for these CRMimaterials at a 16 percent content in AC-
5 asphaltgData shows that the high RHC source produces a much
higher viscosity and other properties related to rubber reaction than the
whole tire sourgé, Whert the CRM content is lowered to 12.5 percent
for the high RHC source which yields a comparable value for effective
rubbencontent £7.97 percent versus 7.78 percent), AR mixture results
are similanio the 16 percent whole tire AR mixture. Data in Table 9-13
also shows that the high RHC CRM produces material that is affected
to a greater degree by extended heating than whole tire rubber CRM
mixtures. Additionally, the AR material with the high RHC CRM pro-
duces high ductilities. This is believed to be due to the greater natural
rubber content of the high RHC CRM.

Additionally, it is important to note that adjustments of the chemical
composition of CRM by blending with additional CRM with a different
composition may not produce the same results in AR blends as a nor-
mal, unblended CRM with the same composition.

.
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Contaminants

Various types of contaminants may be present in CRM. Typical con-
taminants are moisture, tire cord and belt fiber, particulate minerals, and
fine metal particles. The effect of moisture in CRM is to cause foaming
and swelling of the asphalt when moist CRM is added to the hot as-
phalt. Foaming causes a volume expansion of the blend just after the
CRM is added to the asphalt that can cause production or storage ves-
sels to overflow. Moisture contents of CRM can simply be determined
by loss on heating procedures that dry the rubber particles at 230°F un-
til a constant weight is achieved. The presence of even small amounts
of moisture in the CRM can cause foaming to occur. Experience has
shown that moisture amounts over 1 percent by weight can cause exces-
sive foaming. The amount of foaming which can be tolerated is
somewhat dependent on the production equipment, process, and fate of
CRM addition. It is suggested that moisture contents be kept at 1ess
than 0.75 percent by weight to minimize foamihg.

Fiber

Fiber from tire cords and belts can bé produced duritigithe rubber pro-
duction process. Many CRM producers have developed processes that
reduce the fiber content of the CRMito low levels. In some applications
of asphalt and CRM, fiber cofitaminants can ¢réate problems, while in
other applications, fiber preSénce is not agigreat of an effect. For spray
applied uses of asphaltand CRM blends (¢hip seals, interlayers, and
membranes), fiber présence can ereate problems with the uniformity of
the spray application: Crack sealing aiid hiot mix applications can tolerate
higher fiber amounts. Table 9-15 shows properties of an AC-5 based AR
mifture With added tire fiber amounts from 0.1 to 1.0 percent (which is
0.6 to 6.7 perceninef weight 0fCRM). Data shows with added fiber, that
viscosity, softening point, and resilience tends to increase, and that
penetration add ductility t€nd to decrease.

Mineral and Metal Contaminants

Mineral and metal contaminants are sometimes found in CRM. Metal
can come from tire bead wire, belts, or the grinding equipment. Mineral
matter can come from stones being caught in the tire tread or inside the
carcasses. CRM manufacturers have procedures to remove metal and
mineral contaminants. The presence of excess mineral or metal particles
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typically does not influence asphalt and CRM blend properties but can
create quick wear of pumps and other application equipment. Metal and
mineral contaminants should be kept to a minimum. It is suggested that
mineral contaminants be kept less than 0.25 percent by weight, and that
no metal be allowed.

Mixing Conditions

The intensity of mixing during the interaction time'féfiod can influenceAR
properties. Differences in mixing and shearingfintensity ¢an vary from low
speed agitation that gently keeps the rubber particles ifi suspefision to high
speed shearing that can mechanically break down the rubber particles. With
low speed agitation, the asphalt compongnts are simply absérbed as the rub-
ber particles swell with little dispersion of the rubber polyiier into the
asphalt. During high ifiiensity mixing, the fubber particles swell and soften
due to asphalt absorption, and the highenergy mixing tends to shear off the
softened rubber outer surfages and producesia dispersed rubber component
in the asphalt phase of the material.

Table 9-16shows AR testresults and properties of drained asphalt from
a 21 percent whole tire AR blend using 120/150 pen asphalt for materi-
als which were mixed using: (1 poven storage with intermittent stirring,
(2) thesASTM DS167 melter, and (3) the Torque Fork at 500 rpm. Test
data for the AR showsithat similar properties were produced using the
Torgue Fork and®5167 melter. Drained asphalt physical characteristics
wele also similat. The oven storage procedure produced AR material
with glightly lower viscosity and softening point results, and less
changesiin the drained asphalt than the melter or Torque Fork proce-
dure. Chemical analysis results for the drained asphalt showed increases
inhasphaltenes and resins, and decreases in cyclics and saturates for
each mixing method. Asphalt drained from the Torque Fork and melter-
mixed AR materials showed greater changes than the asphalt drained
from the oven-heated mixture. These results indicate that the melter and
Torque Fork mixing procedures resulted in a higher degree of interac-
tion between the CRM and asphalt than the oven heating procedure.
These results support the AR physical property and drained asphalt
physical property data.
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Time and Temperature

The reaction process of rubber particles in asphalt is both time and tem-
perature dependent. Higher temperatures result in quicker reaction and
may result in greater amounts of swelling. These effects have been well
documented in the literature.> * ****¥ Typical temperatures that are
used with AR materials range from 325 to 400°F. AR materials made
with tire derived CRM generally maintain their physical properties for
at least 24 hours at temperatures of up to 350°F. At higher temperatures
(375 to 400°F), the CRM can begin to depolymerize within three to six
hours to such an extent that physical properties are affected.

Table 9-17 shows physical properties of AC-5 AR mixtures with 17, per-
cent of a 20 mesh, whole-tire CRM that are heated at 300, 325 and |
350°F. Data shows that higher viscosities, penetrations at 77 and
39.2°F, resilience, softening points, and ductilities are obtained as tem-
peratures increase from 300 to 350°F. Data al§®indicdi@sthat 24 hours
of heating at 300°F did not achieve properties of the 350°F miXture at
90 minutes of heating.

Extender Qil Additives

Various extender oil additives®@an be'added t6,AR materials to modify
the properties of the blend. ExXtender oil additiomtends to soften the as-
phalt and decrease low temperature stiffness of the blend. Depending
on the chemical chardeteristicsiof the asphalt, certain extender oil types
may be preferentially absorbed bijpthe CRM. Generally, aromatic or
napthenic oils are preferred. The efiects of extender oil addition on
modiilus variation with témperature are illustrated in Figures 9-2, 9-3
and 9-4. Physical propertiesiof blends are shown in Table 9-5.

High'amounts6f aromatieyoils have been used in conjunction with high

temperaturef@nd intense mixing to aid in breaking down rubber particles
in high CRM content asEhalt blends to produce low viscosity materials

for certain applications.

Non-Tire Rubber Additives

Various types of non-tire specialty rubber additives have been used in
AR materials to modify or enhance properties of the blend. Typically,
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these types of materials are high natural rubber content products that de-
polymerize and melt into the asphalt at lower temperatures than tire
rubber. Incorporating up to approximately one-fourth of these types of
rubber as a substitute for tire rubber can result in AR materials that
have increased adhesiveness, flexibility and elongation, butwhich are
more sensitive to heating than standard tire rubber CRM blends,

Surfactant Additives

Various surfactant type additives that are uséd as paving liquid anti-
stripping additives can be added to AR blefids to iniprove@dhesion
characteristics if required for the specific applicafion. Use of 0.5 per-
cent liquid anti-stripping agent has improved the film reténtion results
to 100 percent in boﬂmg stripping tests from value§ef 10 to 30 percent
without the addmve Additienal testing using the Vialit Chip Reten-
tion procedure has shown thatuse,of 0.5 percent anti-stripping
additive i in the AR bindef has improved ehip retention from 67.1 to 98.3
percent Addxtlonally, in'a gap-graded AR Concrete desxgn use of 0.5
percent liquid antisStfipping agent improved the TSR value™ from 73 to —
87 percenbthusiprovidingincreased resistance to moisture.

Polymeric Additives

Polymeric materials that are commonly used in production of polymer
modified asphali ¢ements can be used in conjunction with CRM for spe-
cific applieations where different physical properties are desired. Usage
of polymers in AR blends produces materials in which the asphalt
phase of the blend that binds the swollen rubber particles together is
modified with the polymetic additive. Using these combinations, physi-
cal properties that are not attainable with asphalt cement and CRM only
may be achieved. In some applications, these types of blends and the
physical characteristics attainable are desirable. Generally, use of poly-
meric additions produces increased high-temperature stiffness with
lower placement temperature viscosity. Also, elasticity can be increased.
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The physical properties of an AR mixture depend on the physical and
chemical properties of the materials used, the reaction between these
materials, and the interaction conditions. Therefore, to obtain desired
properties, appropriate materials and interaction conditions which will
produce desired properties need to be identified. Specific items which
need to be addressed are: (1) asphalt cement source and grade, (2) CRM
source and gradation, (3) CRM content, (4) interaction conditions of
time, temperature, and mixing intensity, and (5) the need for additives,
if required.

Since the characteristics of AR vary depending on heating time and tem-
perature, it is important that the characteristics of the blend be evaluated
at a variety of heating times and temperatures and mixing intensities
that the material will be exposed to during the usage period. In general,
it is recommended that the physical characteristics of AR be evaluated
using the planned mixture temperature and mixing intensity, and at
short, medium and long interaction time periodsdwhich weuld be appro-
priate for the specific application.

Mixing intensity for lab design operations should be correlated with the
actual production unit and usage equipment charasteristics. Several
types of mixing conditions can be Giséd to attempt{o simulate aetual
conditions. The first consists of simply pefforming the reaction'in a one-
gallon, round, open-top can that is placed ina forced-draft pven to
maintain the desired temperature, Agitation €an consist of intermittent
stirring with a spatula at specifiéd intervals (typically 30 minutes) dur-
ing the interaction period. Further details forthis procedure are
contained in Reference 43, This procedure simulates low speed mixing
with gentle agitation with'minimalshearing of the rubber particles.

The second procedure €onsists of using an oil-jacketed, removable-can
type sfielier.as shown in Fighre 9-3 of ASTM D5167. This device can
uniformly controlthe temperature of the mixture through indirectly
heated ‘il while constantly stirring at 30 rpm. This procedure provides
a higher'dégreednd continuous agitation of the mixture during the inter-
action period@nd simulates typical crack and joint sealing and other
typical field mixing operations.

The third procédure consists of using a research device that is termed a
“Torque Fork," as described in Refetence 5. This device consists of an
adjustable speed electric motor that stirs the asphalt and CRM blend at
a constant speed. The device can monitor the electrical current level re-
quired to maintain the desired stirring speed as the viscosity of the
mixture increases. In previous research studies™” this type of device has
been used with stirrer speeds of 500 to 750 rpm. The mixing vessel size

9.5 Design Process
for Asphalt
Rubber Blends
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has been approximately 3000 milliliter (0.8 gallons) with sample
weights of 1000 grams. The Torque Fork, when operated at speeds of
500 to 750 rpm, imparts a high degree of mixing intensity to the mix-
ture.

Tests which are performed during the design process should be selected
to provide an indication of required characteristics of thegAR blend.
When specifications for the specific application are available, testing re-
quired by the specification should be performed as & minimum. For any
AR material the testing program for the specific use Should be designed
to provide the suppliers and users with the following information(

1. Placement temperature viscosity

2. High in-use temperature stiffness or donsistency

3. Moderate in-use temperatiite consisiency

4. Elastic characteristics

5. Elongatien properties

6. Low in-us¢ temperatiine consistency

7Variation of prdperties with t¥pical heating times which may be
encountered during use

Oneé a desigh bicnd of asphalt, X CRM and additives is verified for the
application, along witlh defined mixing and production times, tempera-
tures and Miking process, the design process may be complete. For
some.applications such as chip seals and hot mixes, additional perform-
afice testing may be required to verify the appropriateness of the
designed binder for the application, or to determine if additives for im-
proved adheSion are necessary.

The cempléted design for an AR material should consist of the follow-
ing documentation as a minimum:

Asphalt source, grade, and specification test results

Rubber source, type, and specification test results

Additive identification, if required

Percentage blend (by weight) for each ingredient

Mixing temperature and times considered during the design

Mixing system used during the design

Test results for the designed blend at the various mixing times

considered in accordance with the desired blend specification

requirements

8Additional tests and results used to verify performance in the fi-
nal application, if required
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It is important to realize that since asphalt cement and rubber specifica-
tions do not currently address all the factors related to the reaction
process and blend characteristics (such as chemical composition, sur-
face area, etc.), that whenever the source of any of the design ;
ingredients changes, or there is a change in the composition or proper-
ties of the specified asphalt or rubber, that the design should be
re-verified. This concept is similar to that of hot-mixed, asphalt-con-
crete mix designs in which new designs are required when using
different sources of asphalt or aggregate which meet the same specifica-
tions due to variations which can occur for materials within the
specification limits.

A wide variety of physical properties can be achieved by adding CRM
to asphalt cement. Different applications of AR materials require differ-
ent physical properties, and therefore differing fermulations. Factors
which must be considered when specifying and designing an'AR mate-
rial for a specific use include:

¢ Climatic conditions and temperature ranges the material will be
subjected to

e Ranges of viscosity at placement temperature whieh are appro-
priate for the production equipment

¢ Constraints on CRM particle size fortheintended use

e The desired performance level of the AR material in the specific
application

Even though a wide varietyof performance levels can be achieved by
using CRM, there are limits, Performance characteristics of increased
high temperature stiffness and teduced low temperature stiffness are
achieved by using asphalt c@ment bases which have appropriate low
temperature pioperties for the intended use, and then adding CRM of
the appropiiate type and quantity to yield required high temperature and
elastic charagtéristics. The maximum amount of CRM which can be
added (and thus the degree of modification of high temperature proper-
ties) is dependent on the maximum application temperature viscosity
that can be used.

9.6 /Various
Highway
Applications
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Low CRM Content Binder for Hot-Mixed Asphalt (HMA)

When the usage objective is to use CRM in asphalt to produce a binder
for HMA mixtures in which there will be minimal effects on the design
and construction of the HMA, the amounts and size of CRM used
should be small. For this application, CRM contents shouldhbe less than
5 percent of the binder by weight to minimize changes insthe Binder
physical properties. Particle sizes that are appropriate/for the CRM will
vary depending on the gradation of the aggregate. The reason for this is
that the CRM particles may interfere with compaction and aggregate in-
terlock if the particles are too large for void spages in the aggregate. For
very dense HMA, very fine CRM (such a8 less than 50 mesiy)may be
most appropriate, while for open graded mixture§, coarfer CRM (such
as 16 mesh) can be used.

In this application, asphalt cement grade canusiially be the same as nor-
mally used, howeyer, the possibility 0f using a slightly softer asphalt
grade should be investigated béeaunse of the asphalt absorption process
by the CRM and possible improvements ih low temperature charac-
teristics. Table 9-18 shows data for an AC-20 asphalt which is modified
with 5 percent ef@minus 50 mesh rubber. It is noted that viscosity, .

~ penétration, And ductility of the asphalt change due to additions of the
CRM. Thewiscosities at 350 and 140°F, however, remain within ranges
of typical AC-30 or 40 asphalt cements.

High CRM Content Binder for HMA

When a High amount (10 to 25 percent) of CRM is used in the asphalt
cement, the physical properties of this binder are significantly modified
over the entire temperature range the material will be subjected to dur-
ing construction and in place usage. These changes in characteristics
require modifications in the design and construction of the pavement
and can result in performance improvements compared to conventional
asphalt cement binders.

With dense HMA, finer CRM particles (typically smaller than 20 mesh)

are appropriate, while with open graded mixtures, larger particles (such

as 10 mesh) can be used. Due to the amounts of asphalt absorption that

occur as the CRM swells, the base asphalt can and should be of a softer

grade than would typically be used in the same application if unmodi-

fied. The exact amount softer can vary between one and three grades et
and depends on the specific use. i
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The CRM content and reaction conditions should be selected so that vis-
cosity at the anticipated binder temperature used during mixing with
aggregate does not exceed 6000 centipoise for use with gap or open
graded mixtures, or 4000 centipoise for use with dense graded mix-
tures. The reason for this is that if viscosities are higher, aggregate
coating problems may develop during the mixing process.

Test results for a typical AR blend for an open or gap-graded mixture
using an AC-5 asphalt and a minus 16 mesh CRM are shown in Table 9-
19. This blend used 18 percent CRM and an AR-2000 asphalt. During
the heating period, viscosity increased to 3700 centipoise at 120 min-
utes, softening point was 142°F, and resilience was 35 percent. During
extended heating to 6 and 24 hours, additional viscosity increases weje
noted to 6000 to 7000 centipoise. '

A similar blend using a 30 mesh rubber that is more appropriate for
dense graded HMA mixtures is shown in Table 9-20. Data shows '@ tela-
tively stable viscosity after 60 minutes of heating’and stability of
properties at 6 and 24 hours of heating.

Specifications for these types of uses are currently being ¢ensidered by
ASTM and several other organizations. Spéeifications that have been
proposed by the FHWA! are shown ihiTable 9-21. These specifications
include three different grades for different climatic zones, and consider
physical characteristics of high and low teinperature consistency, elas-
ticity and aging.

Spray Applied Membranes {onChig Seals or Interlayers

For thése types of applicatiens, generally a high application rate of be-
tween 0.5and0.7 gallons persquare yard is used to provide a thick
elastomeric membraine seal for the pavement surface. At these high ap-
plication rates, sfifficient AR binder stiffness is required to resist
bleeding and&hoving. Additionally, the materials need to be capable of
being spray applied in a uniform manner. Generally, in these uses, high
rubber contents (between 20 and 25 percent) are required and rubber
particles are typically large (minus 10 mesh). Fiber content should be
less than 0.1 percent by weight to produce acceptable spray uniformity.
Asphalt grades which are appropriate are typically one to two grades
softer than the normal paving grade used for that area. Even softer as-
phalts can be used for interlayer applications since the surface is

Pt . LR .
! covered with an additional wearing coarse layer.
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For some applications, extender oils can be used to soften the asphalt
and reduce AR mixture viscosity. Solvent diluent additions can also be
used to aid in reducing viscosity for ease of spray application.

Generally, specialized spraying and application equipngént is required
to appropriately apply AR membranes. This is due to the'high viscosity
of the AR material. Even when using the specialized equipment, viscos-
ity should not exceed 4000 centipoise.

Test results for a typical AR spray applied membrane material are
shown in Table 9-22. This mix used an AC-10 asphalt with 18 percent
10 to 30 mesh CRM with an added 3 percent of"a high naturalwubber
content additive for improved adhesion. Results shOw viscosity in-
creases along with high resilience and sofi€ningpoint.

Specifications for these types of uses are cutrently beifig developed by
several organizations. As with specifications for HMA applications (Ta-
ble 9-21), varying@tiffnessésof AR matérials are required for different
climatic areas. Specifications beingeonsidered are similar to those
shown in Table 9-21; however, it is suggested that increased high tem-
perature stiffness as indicatédhby softening point be provided.

B,

Crack Sealing Materials

Crack sealing applications of AR require sufficient high temperature
§tiffness to reSist tracking at warm summer temperatures. Additionally,
this\material must be flexible enough at low temperatures to resist crack-
ingasithe crack opens as the pavement contracts. These requirements
suggest use of softer asphalts and high CRM contents to produce a
highly modified AR material.

Due to the wide variety of climates encountered throughout the United
States, different stiffnesses of AR are required for appropriate performance.
Suggested specifications for three grades of AR crack sealing materials for
use in cold, moderate and hot climates are shown in Table 9-23. Addition-
ally, ASTM D5078, “Crack Filler, Hot-Applied, for Asphalt Concrete and
Portland Cement Concrete Pavements,” can be used to specify the perform-
ance requirements of a single grade of AR material as shown in Table 9-23.
A variety of State specifications are also used to specify AR crack sealing
materials.

AR crack sealing materials typically have high viscosities at placement .
temperature and are not self-leveling. Viscosity at application tempera- :
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ture should not exceed 20,000 centipoise or difficulties in application
could result. Typical CRM contents used are between 18 and 25 per-
cent, and the CRM typically ranges in size from 10 to 30 mesh.

When CRM is added to hot asphalt cement, the CRM swells and modi-
fies the proportions and physical properties of the asphalt cement. The
amount of modification is dependent on a variety of factors including
physical and chemical properties of the asphalt and CRM, quantities,
time, temperature, mixing conditions and additives. Various types of
testing methods can be used to determine the degree of modification of
properties.

When designing an AR material for a specific use, the specific agphalt,
CRM, and additives need to be selected, along with quantities, heating
times and temperatures, and mixing method. In order to appropriately
make these selections, one must understand the@nteractiéfisswhich oc-
cur between the asphalt cement and CRM, and other£actors whigh
influence AR properties. Additionally, the required physical charac-
teristics of the binder for the specific application must be understood.

This paper provides an understanding of fdctors whichneed to be con-
sidered during the AR binder design procéss. Properties of typical AR
blends for use in HMA, spray-applied membianes, and crack sealing
materials are provided along withftypical specifications.
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Table 9-1. Physical properties of AC-30 asphalt and
10 and 15 percent whole tire rubber (16 to 30 mesh)
after 90 minutes of storage at 350+ 10°F

Robber content,
% by weight
Property 0% 10% 15%
Brookfield viscosity, 350°F, ¢p 107 700 2050
Haake viscosity, 350°F, ¢p 650 1900
Cone penetration, 77°F, (ASTM D5329) 33 28
Needle penetration, 77°F, (ASTM D5) 59 44 37
Needle penetration, 39.2°F, 200g, 5 sec, (ASTM D5) 21 17 15
Resillence, 77°F, (ASTM D5329), % 2 33 36
Ductility, 39.2°F, 1cm/min (ASTM D113) 10 9
Softening point, °F (ASTM D36) 127 140 156
Fracture temperature, 1* dia, 10 sec, 90° bend, °F 28 2% 28

.

Table 9-2. Physical pioperties of original AC-30
and AC-30 drained from, 10 and 15 percent
whole tire rubber mixtures

AC-30 | AC-30
residue | residue

from | from

10% 15%
Original | rubber | rubber

Property AC30 | mix mix
Absolute viscosity, 140°F, (ASTM D2171) 3634 | 5569 | 8,565
Needle penelration, 77°F, (ASTM D&) 59 51 36
Needle penetration, 89.2°F)200g, 5 sec, (ASTM D5) 2 19 13
Ductility, 77°F, 5m/mid (ASTM'D118), em 100+ % 30
Softening point, 2F (ASTM D36) 127 131 137
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~ Table 9-3. Properties of 120/150 asphalt,
15 percent asphait rubber blend and drained asphait
residue from the asphalt rubber blend

120/150
residue
15% from
Originald” rubber | the 15%
120150 | blend |“rubber

Property asphait|| (1){4) | mix(2)
Absolute viscosity, 140°F, (ASTM D2171), poise 778 ).10878 | 1,48
Needle penetration, 77°F, (ASTM D5) 126 72 79
Softening point, °F (ASTM D36) 108 136 112

Notes:
(1) Material subjected to 80 minutes of heating at 350% 10°F.
{2) Matrial drained over a No. 40 sieve for 30 minutes at 300°F,
(3) Asphalt chemical analysis (latroscan method)

A=8.6%, R=31.2%, C=55:5%) S=4.7%
{4) Rubber is 16 to 30 mesh wtiole tire ambient grind:

Table 9-4. Physical and chemical properties of
AC-10 asphalt,before and after mixing
with 15 percent whole tire rubber (1)

Original | Asphait
Property asphalt | residue
Penetration, 77°F, (ASTM D5), 110 mm 106 67
Absolute viscosity140°F, (ASTM D2171), poise 1,0M1 2,174
Chemical Analysis (latroscan), % .
Asphaltenes 86 10.8
Resins 13.8 15.2
Cyclics 745 70.7
Saturates 31 33
Notes:

{1) Material was subjected to two hours of heating at 3501 10°F.
{2) Rubber was 100% passing 16 mesh and 0% passing 20 mesh.
{3) Asphalt residue was obtained by draining over a 30 mesh scraen for 30 minutes at 300°,

i
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Table 9-5. Physical properties of asphalts and asphalt
rubber blends using several asphalt grades

(reference 45)

, Test AC5 | AC-20 | AC-40 | AC-5RE | AC5R | AC-20R |
Kin vis, 275°F (cSt) 141 265 358 NT NT NT
Abs vis, 140°F (P) 654 | 2300 | 4575 | 2027 | 3221 | 5773
Brookfield vis (P)

194°F 40 135 173 570 | 1,980 | 1,040
211°F 18 20 30 215 243 233
250°F 4 8 7 170 158 185
275°F 3 4 6| & 88 93
Haake vis (P) , C )
194°F 10 40 80 350 150 | 1 850
211°F 3 18 25 175 125 180
250°F 2 6 9 125 112 137
‘a75°F | 4 8 100 105 125
Penetration (0.1mm)
200g, 60 sec., 39°F 40 15 14 63 39 20
100g, 5 sec., 77°F 114 44 27 125 85 40
Cone pen (0.1mm)
200g, 60 sec., 39°F 63 27 10 94 58 25
1509, 5 sec., 77°F 101 35 21 11 71 38
Ductility (cm) ‘
5 em/min., 39°F 0 0 0 254 225 09
5 em/min., 77°F 150+ 450+ 150+| 187 20.2 35.0
Softening point (°F) 112 128 134 133 143 151
Resiliency (% rec.) —40 - 4 -20 b 2
Notes:

(1) NT=No Test.

(2) All AR materials used@ 20 mesh whole tire ambigniground rubber.

(3) AC-5RE contained 16% rubberand 5% extender.

{4) AC*5R contained 17% rubber,

(5) AC-20R cohitained 16% rubber.

(6} All AR materials wereipre-reacted at 350°F for two hours and reheated for testing.
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Table 9-6. Chemical analysis of AC-20 asphalts and
test data for 15 percent CRM AR mixtures

Asphait chemical analysls
{latrascan) A B
Asphaltenes 11 82
Resins 17.4 28.0
Cydlics 68.1 £9.9
Saturates 34 28
Asphalt physical properties A B
Penetration, 77°F (ASTM D5) 76 65
Softening point (ASTM D36) 122°F | 124°F
AR properties A B
Viscosity, 350°F (Haake), Cenfipoise
0 minutes 300 200
30 minutes 400 250
60 minutes 700 300
90 minutes 1,000 550
120 minute$ 1,000 550
150minytes 1,500 800
180 minutes 1,500 900
Softening point, °F{ASTM D36)
Diminutes 126 123
30 minutes 139 131
60 minutes 144 141
90 minutes 148 146
120 minutes 148 142
150 minutés 150 154
180 minutes 152 156

Note: All reactions performed at 350+5°F using whole tire rubber 100% passing 10 mesh and 0% passing

20 mesh,

P =W

Vaiic Y
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Table 9-7. The effect of crumb rubber modifer on
AR properties (reference 43)

Percent rubber (by weight of binder)

Binder property 0 6 9 2 | 15 | 18 | 21
Viscosity at 176°C (cp) 60 550 800 900 | 1,500 | 2500 | 6,000
(350°F)

Cone penetration at 25°C 48 40 43 44 40 30 27
(77°F)

Resilience at 25°C (77°F) ~1 ~1 12 19 23 40 47
Softening point, °C 50 52 58 60 61 63 72
(°F) ‘ 122 126 136 140 142 148 162

Notes:
(1) Asphalt is AC-20, rubber is a 1.18-millimeter (No. 16 siave) nominal maximum size.
(2} Interaction(reaction) period is 90 minules at 176°C (350°F).

P iailie
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Table 9-8. Variations in AR physical properties

with varying gradations of the same 20 mesh

tire rubber at a 16 percent content

Rubber gradation
Sieve sizes Original Coarse Fine
No. 10 100.0 1000 100.0
No. 16 99.8 95.8 99.8
No. 20 91.6 85,0 85.0
No. 30 50.7 35,0 85.0
No. 40 30.2 20.0 40.0
No. 50 7.7 50 20.0
No. 80 34 1.4 70
NO. 100 26 1.1 53
No. 200 07 0.3 1.5
Calculated surface area (m2/gram) 0056 0047 0073
Rubber gradation
ARphysital properties Original Coarse Fine

Brookfield viscosiiy 1,700 1,500 1,700
350°F, centerpoise

Naédie penetration

71°F, 100g, 5s 87 87 83
39.2°F, 200,g, 608 31 29 R
Resilience, 77°F 13 13 14
Softening,point,F 131 131 129
Ductility, 30.2°F, cm 20 19 2

Notes:

{1) Asphalt in an AC-5, penetration = 125, softening point = 106°F.
{2} AR properties are after 90 minutes of heating at 350°F.
(3) Surface area calculated using the procedure described in MS-2 (46).

-
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Table 9-9. AR properties with different
rubber gradations

- ‘ Original Rubber gradation
AR property asphalt 40 00 [ 20 -0
Brookfield viscosity, 350°F, ¢p 80 - - -
15 minute - 550 | 2400 | 1500
30 minute - 700 | 2,900 | 2000
60 minute — | 1,200 | 4,000 | 2400
120 minute — | 1,700 | 4400 | 2900
Needlle penetration, 77°F (ASTM D5) 133 80 54 69
Resilience, 77°F {ASTM D5329) -18 33 36 18
Ductility, 77°F (ASTM D113) 100+ 14 26 45
Softening point, °F (ASTM D36) 108°F | 141°F | 143°F | 132°F
Fracture temperatures 7 20°F | 20°F | 20°F |\ 16°F
Percent passiig
Rubber properties 10-20 20 Ty
Gradation, sieve size
No. 10 1000 | - 1000 100.0
AT No. 16 19.0 100.0 100.0
No. 20 1.8 94.4 100.0
No. 30 0.6 56.0 1000
No. 40 04 35.0 100.0
No. 50 0.4 188 99.2
No. 80 0.2 7.6 -76.8
No. 100 02 40 €3.6
No. 200 ~ 0.1 0.8 10.2
Calculated surface area, m?/gram 0.002 0.0068 0.0230
BET surface area, m"’/gram N.D¢ 0.030 0.096
Notes:

(1} Asphail chemical properties are:
A=11.1%, R=17.4%, C=68.1%, S=3.4%.
(2) Rubber contents were all 7%,
(3) Material properties wate determingd after two hours of heating.
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Table 9-10. Gradation, surface areas, and chemical
properties of two sources of ambient grind

truck tread rubber

CRMsource
Gradation, percent passing 1 2
No. 10 100.0 100.0
Ne. 16 89.8 93.8
No. 20 91.6 96.4
No. 30 50.7 582
No. 40 0.2 314
No. 50 7.7 16.4
No. 80 34 3.4
No. 100 2.6 08
No. 200 07 0.2
Calcutated surface area, m?/gram 0.006 0.006
BET surface area, m/gram 0.0475 0.0756
CRM source
Chemical pfopérties 1 2

Acetone extract 13.8 136
Ash 49 42
Carbonblack 328 3.3
Natural rubber 242 23.0
Synthetic rubber 244 258
Rubber hydrocarton content 48.6 48.9
Naturdl rubbépratio 49.8 47.0
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Table 9-11. AR propertiesfor two sources
of truck tread CRM (CRM data from Table 9-10)

CRM source 1
with source 2
CRM source 1 CRM source 2 gradation

Test performed 90 | 360 |1440°] 90 | 360 | 1440 | 90 | 360 | 1440

Brookfield viscosity 1,700 | 2,300 | 2,000 | 4500 | 4,800 | 4,800 | 1,500 | 2,300 [2,500'
at 350°F
Haake viscosity 1,500 | 1,900 | 1,700 | 4,300 | 4,500 | 4,600 | 1,500 | 1,900 | 2,300
at 350°F
Cone penetration at 80 78 84 78 76 80 80 82 78
77°Fin Vsomm
150q, 5 seconds
Needle penetration at 87 84 91 81 78 82 84| 8 79
77°F in Y4omm
100g, 5 seconds
Needle penetration at 31 K4} 31 27 31 KL} 32 33 29
39.2°F in 14omm

200g, 60 seconds
Resilience at 77°F, % 13 14 16 28 20 17 13 17 17
s Ductility at 39.2°F, 20 24 27 25 30 33 23 30 27
. 1cm per minute, ~cm
Softening point, °F 131 139 | 134 | 185 137 | 131 1130 | 932 | 14
Fracture femperature ’
°F lowest passing 20 18 18 18 18 20 20 2 2
°F fracture 18 16 16 16 16 18 18 20 20
Notes:

(1) Asphalt used is an AC-5, softenifi@\point=106°F, penetration=125.
{2) Each AR blend is at 16% CRM.

(3) Heating is at 350+10°F.

(4) 90, 360, and 1440 are heating fimes in minutes.

T,
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Table 9-12. Physical properties of AR containing
17 percent ambient and crygenic processed 10 mesh CRM

Notes:
(1) Asphalt chemical properties are:

s

Originai Rubber type
AR property asphalt Ambient Cryogenic
Brookfield viscosity, 350°F, cp 80 — —
15 minute —_ 2,400 800
30 minute - 2,800 1,000
60 minute - 4,000 1,500
120 minute — 4,400 2,700
Needle penetration, 77°F (ASTM D5) 133 o4 59
Resiliancs, 77°F (ASTM D5329) ~-18% 36% 36%
Ductility, 77°F (ASTM D113} 100+ 26 14
Softening point, °F (ASTM D36) 108°F 143°F 134°F
Fracture temperatures 20°F 20°F 22°F
Original Percent passing
Rubber properties asphait Ambient Cryogenic
Gradation, sieve size '
No. 16 - 100.0 100.0 o
No. 20 - 9.4 84.0 :
NOh30 — 55.0 540
Ne. 40 - 35.0 34.0
No. 50 - 18.8 174
No, 80 - 7.6 6.0
No. 100 - 4.0 32
No. 200 — 08 0.4
Calculated surface area, mzlgram — 0.0068 0.0064
BET Surface aream/gram - 0.030 0.017

A=11.1%, R=17.4%, C=68.1%, S=3.4%.
{2) Material properties were determined after two hours of heating.
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Table 9-13. Whole tire and high rubber hydrocarbon content

CRM properties

Gradation Whole tire High RHC
Sieve size
No. 10 100.0 100.0
No. 16 99.8 99.4
No. 20 96.4 96.0
No. 30 58.2 534
No. 40 314 330
No. 50 16.4 19.6
No. 80 34 9.8
No. 100 6.8 84
No. 200 0.2 32
BET surface area, m/gram 0.076 0.090
‘ Composition Whole tire High BHC
Acelone extract 13.8 b2
Ash ’ 63 6.3
Carbon black 304 25.2
Natural rubber - 243 55.1
_ Synthetic rubber 255 74
Rubber hydrocarbon content 49.8 62.2
Natural rubber ratio 43.8 88.6




PAGE 9-42

000000 P S S

Table 9-14. AR properties with whole tire and high rubber
hydrocarbon CRM (CRM data from Table 9-13)

16% whole tire 16% high RHC 12.5% high RHC
Property 90 | 360 | 1440 | 90 | 360 | 1440 || 0. ]380 | 1440
Viscosity, 350°F, cp 5300 4,300| 4,300]112,000( 12.000] ND} 3,500|)5,100| 1,300
Needle penetration, 76 72 70 70 107( 125 791 12t 124
77°F
Resilience, 77°F 2 20 19 50 27 8 36 12 0
Ductility, 39.2°F 23 22 18 28 » 35 28 43 50
Softening point, oF 136) 139 135| 155| 154) 28] “140[nat188| 123
| Fracture, °F 22 20 18 18 16 12 20 20 20
Effective rubber
content 7.97% 9.95% 7.78%
Notes:
(1) Asphalt used is an AC5{softening paint=106°F, penglration=125.
{2) Mixtures were heated al'850+10°F,
{3) ND=Not Determined.
(4) 90, 360, and 1440 are heating imesin minutes,
Table 9-15. AR physical properties
with\added tire fiber
Rubber content 16 15.9 15.5 15.0
Fiber content 0 0.1 0.5 1.0
Viscosity, 350°F, cp 1,500 | 1,900 | 2400 | 2800
| Penetration, 77°F 7 84 74 72
Softening point, °F 128 130 130 134
Resilience, 77°F 1 15 17 21
Ductility, 33.2°F 19 2 15 15
Added fiber content as a proportion of CRM, % ol 06 32 6.7

Notes:

(1) Asphalt used is an AC-5, penetration=125, softening point=106°F,
(2) Materials were heated at 350+10°F for 90 minutes.

TR




PAGE 9-43

L

Table 9-16. Physical and chemical properties of AR and
drained asphalt from a 21 percent whole tire AR mixture

Property Mixing method
ASTM [500RPM
Original | Oven | D5167 | torque
Asphalt rubber asphalt | storage | melter | fork
Viscosity, 350°F, cp
peak — | 5000 6000 5500
minimum — | 1,800 | 2500 | 3200
Softening point, °F 107 145 156 154
Resilience, 77°F, % - 45 53 44
Penetration, 77°F 132 62 58 50
’ Ductility, 77°F - 10 10 1
Fracture, 77°F - 24 2 2
Mixing method
ASTM |500RPM
Drained Original | “Oven | D5167 | torgue
asphalt asphalt | storage'l melter | fork
Composition, %
Asphaltenes 11.2 15.6 16,5 16.7
Resins 17.2 | 182 185 203
Cyclics 674 62.4 §1.9 59.5
Saturates 4.2 38 31 35
Mixing method
Drained asphialt ASTM |500RPM
physical Original | Oven | D5167 | torque
praperties asphalt | storage | melter | fork
Penetration, 77°F 125 68 84 63
Absolufe viseosity, 140°F 839 | 3436 | 3914 | 4,000
Softening point, “F 13 125 132 131
Ductility rebound, 60 min. 18% 21% 23% 27%

Notes:

(1) Asphaltis a\120{150 penetration.

{2) Rubber is a 1010116 mesh.

{3) Mixing and heating was at 350+10°F for two hours.
{4) Drainage was periormed on a 20 mesh screen.
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Table 9-17. Physical properties of AR mixtures
heated at 300, 325, and 350°F

Heating temperature
Test " .
performed 300°F 325°F 350°F
90 | 360 | 1440 | 90 | 360 | 1440 ] 90 | 380 | 1440

Brookfield viscosity, cp | 3,600 | 4,000 | 4,200 | 3,300 | 4,600 | 4,300 1 4,4007| 4,800 | 4,800
Haake viscosity, cp 3,000 | 3,600 | 3,600 } 3,000 | 4,300 | 4,000 |} 4200 | 4,600 | 4,500
Cone penetration, 77°F 43 50 52 49 58 48 58 56 57
Needle penetration, 44 51 50 50 62 51 62 89 60
77°F, 100g,
5 seconds
Needle penetration, 18 14 16 14 16 17 19 24 22
39.2°F, 200g,
60 seconds
Resilience at 77°F, % 16 2 24 28 31 30 3 3 R
Ductility at 39.2°F, 11 11 11 12 16 18 18 21 20
1cm per minute, cm
Softening point, °F 129 {180 | 130 | 486n 138 | 140 | 136 | 137 | 137
Fracture temperature ‘

°F lowest passing 26 26 26 26 26 26 26 26 26 o,

°F fracture 24 24 24 24 24 24 24 24 24

Notes:

{1) Asphalt used is an AC410, penetration=78, softening point=117°F,

(2) Al misitures contained 17% 20 mesh whols tire CRM.

(3) 80, 360, and 1440 are heating times In minutes.

{4) Miscosities were perfarmed al the heating temperatures of 300, 325 and 350°F.
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Table 9-18. Physical properties of AC-20 asphalt

cement with 5 percent fine CRM

Property AC-20 asphalt | AC-20+5% CRM

Brookfield viscosity, 350°F, centerpoise 8 -

- 15 minutes -— 124

30 minutes ~— 144

60 minutes -— 136

‘ 120 minutes — 116

Neadle penetration, 77°F (ASTM D5) 74 - 61
Softening point, °F {ASTM D36) 116 124

Absolute viscosity, 140°F {ASTM D2171) 1,996 3,657

Ductility at 77°F (ASTM D113) 100+ 33

Notes:

(1) AR properties are determined at 120 minutes of heating.
{2) CRM gradation is 100% passing No. 50, 77% passing No. 80, 64% passing No. 100,

* 100% passing No. 200.

Table 9-19. Test results for AR bindenfor
open-graded HMA

Test Heating period

performed 0 | 6 | % | 120 | 6iws | 24hrs
Haake viscosity, 350°F, cp 20000 | 72,600 4 &400 | 3,700 | 7,000 | 6,000
Cone penetration, 77°F — - — 43 48 52
Resilience at 77°F, % - - —_ 35 K] 33
Ductility at 77°F, em - - —_ 19 —_ —
Softening point, °F 181 139 138 142 152 143

Fractute femperature
°Flowsst passing - - — 24 2 24
°F fraciure - - - 2 20 22

Notes:

{1) Asphalt used is@n AR-2000, penefration=66, softening point=117°F.

{2) CRM contentis 18%.
(3) Heating is at 850+10°F,

(4) CRM gradation I8 100% passing No. 16, 34% passing No. 30, 4% passing No. 50.
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Table 9-20. Test results for AR binder for
dense-graded HMA

Test Heating period

performed 3 | 60 | 9 | 1200 | Shes | 2ahes

Haake viscosity, 350°F, ¢p 2000 | 2500 | 2600 | 2500 | “3200 | 3300

Cone penetration, 77°F — - — 32 39 39

Resilience at 77°F, % - - - 27 27 26

Ductility at 77°F, e —_ - - 37 - —

Softening point, °F 140 142 143 145 147 145
Fracture temperature '

°F lowest passing - — - 26 26 24

°F fracture - - == 24 24 23

Notes; ;

(1) Asphalt used is an AC-10, penetration=72, softening point=120°F,

{2) CRM content is 17%.

(3} CRM gradation is 100% passing No-416, 84%,passing No. 80, 25% passing No. 50.
(4) Heating is at 350+10°F.
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Table 9-21. Proposed specifications for AR binder

for HMA (Reference 1)
Test Climate usage
| parameter Hot Moderate Cold

Apparent viscosity, 347°F

(175°C) min. 1,000 1,000 1,000

Spindle 3, 12rpm, ¢ps

(ASTM D2669) max. 4,000 4,000 4,000
Penetration, 77°F (25°C}, '

100g, 5 seconds min. 5 50 75

40mm (ASTM D5) max. 75 100 150
Penetration, 39.2°F (4°C), 200g, min. 15 25 40

60 seconds, V4gmm

(ASTM D5)
Softening point, °F (ASTM D36) min. 130 120 110
Resilience, 77°F (25°C), %

(ASTM D3407) min. 20 10 0
Ductility, 39.2°F (4°C) min. 5 10 15

1cm/min, cm (ASTM D113)
Thin-film oven residue
(ASTM D1754):
Penetration retention, 33.2°F (4°C)

% of original min, 75 75 75
Ductility retention, 39.2°F (4°C)

50 50 50

% of original min.
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Table 9-22. Test results for AR binder for
hot applied membrane application

Test Heating period

performed 0 | 60 | % | 120 |h6hs | 24hrs
Haake viscosity, 350°F, cp 1600 | 2200 | 2200 | 4,000 {5000 { 4,500
Cone penetration, 77°F - - - 23 26 30
Resilience at 77°F, % -_ - - 47 53 47
Ductility at 77°F, cm — - - 8.5 — -
Softening point, °F 146 146 | 148 156 166 167

Fracture femperature
°F lowest passing - - — 20 16 18
°F fracture - - -~ 18 14 14

Notes:

(1) Asphalt used is an AC-10, penetration=92, softening point=122"F,

{?) CRM contentis 18% 104030 mesh and 3% of high natural additive.
(3) 10 t0 30 CRM gradationwas 100%passingho. 10, 56% passing No. 16, 7% passing No. 20
(4) High natural gradation was 100% passing No. 16)48% passing No. 30, 11% passing No. 50.

(5) Heating is at 350£10°F.

Table 8-23. AR crack sealing suggested specifications

Test Climate usage
paramiteg Hot Moderate Cold

Brookfield viscosity gentipoise 20,000 20,000 20,000
cp max ¢p max cp max

Saiiéing point, °F 170°F min 150°F min 150°F min
Cone Penetidtion, — 77°F 15-35 70 max 70 max
39.2°F - 15 min 25 min

Resilisnce, 77°F 40% min 30% min 30% min
Asphalt compatibility pass pass pass

Notes:

{1} Viscosity is at safe heating lemperature.

(2) Tests are performed as specified in ASTM D5078,
{3) Moderate climaie parameters are the ASTM D5078 requirements except for viscosity.

ey,
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Figure 9-1. Typical Viscosity Curve for AR
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Figure 9-3. Stiffness Modulus vs. Temperature

1 Test Range T

Stiffness Modulus, gms/seg.cm.

Regression Data &
g ACE T y )
Material | AC-20 | Exiender| ACS + [ AC20 +
a + Rubber| Rubber | Rubber
1 Type aeDX | aebx | aePX | gebX -
a 48x10%] 1.1 x10%] 8.8 x 10%[ 5.8 x 10
b 017 | 0002 | 011 0.12
0 Rsquare| 0994 | 0918 | 0896 | 0.9
10 : ™ F | 2
-20 0 20 40 : 50 80 100
TEMPERATURE, degrees F.
AC-5+Extender+Rubber AC-5+Rubber AC-20+Rubber AC-20
R e . —h— —g FEPPRN 72 TP

Figure 9-4. Stiffi@ss Modulus vs. Temperature
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Design Methods for Paving Mixtures
Using Wet Process Asphalt-Rubber

Asphalt rubber (AR) produced using the wet process1 in which the
crumb rubber modifier (CRM) is pre-mixed and reacted with the hot as-
phalt cement can be used in a variety of paving mixtures and
applications. These applications include (1) surface treatments, (2)
open, gap, and dense-graded hot-mixed asphalt (HMA), and (3) crack
and joint sealants.

AR typically has significantly different physical characteristics than un-
modified asphalt cements. These differences include (1) higher
viscosity, (2) reduced temperature susceptibility, (3) increased aging re-
sistance, and (4) increased elasticity. Appropriate use of AR in paving
applications requires that the binder be designed and formulated for the
specific application, and that the final mixture with aggregate b¢ €or-
rectly designed. The differing physical properties of AR may require
that normal mixture design procedures be modified to account for these
differences in binder characteristics. High CRM c@iitents can produce
AR binders with physical properties that are modified fo the extent that
they may be used in manners and applicatiefn@net possible with conven-
tional asphalt cement.

The objective of this paper is to present mixture desigh eoncepts and
methods that can be used to design.surface treatments, and HMA in
open, gap, and dense-graded@pplications whennsing AR produced us-
ing the wet process.

Wet Process Asphalt Rubber

Wet ProcesnAR is defined by the FHWA' as “any method that blends
crumbrubber modifier with the asphalt cement prior to incorporating
the binder in the asphalt paving project.” When CRM is blended with
hot asphalt£ement, the rubber particles absorb components of the as-
phalt and swell to several times their original volume.? The absorption
of asphalt €éemponents by the CRM results in stiffening of the asphalt
cement. This absorption and CRM swelling process is referred to as re-
action between the asphalt and CRM.

The reaction process causes an increase in the viscosity of the AR due
to the increase in the CRM volume and changes in the asphalt. As the
CRM swells and the mixture increases in viscosity, the physical proper-
ties of the AR mixture change. Changes that occur include (1) increase

10.1

Introduction
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in high temperature viscosity, (2) increase in high in-service tempera-
ture stiffness, (3) increase in elastic characteristics, (4) improvements in
low temperature properties, and (5) improvements in aging resistance.

Many factors influence the degree of changes in physical properties.
Materials related factors include asphalt cement compositional and
physical properties, and CRM gradation, surface area, compogitien, and
content in the AR, Additional influencing factors includedicating time
and temperature, the mixing method used, and use of additives.

Types of changes in properties of AR that can occur using high (10 to
25%) CRM contents include the following:

Property Change
Placement Temperature Increases up to LOD times above
Viscosity - \ihe original ¥alue for asphalt
¢ement
High Service Temperaturé Seitening Point increases up to
Stiffness 60°F"

Absolute Viscosity (140°F)
increases up to 100,000 cp or
greater’

Elastic Characteristics Resilience increases up to 50
percent over the value for asphalt
cement’

Low Temperature Stiffness Reduction in stiffness at low
temperatures’
Increases in ductility at 39°F

Aging Increase in retained penetration
from 65 to 90 percent in TFOT
aging6

The degree of modification of properties (especially viscosity) can be
of such an extent that normal procedures that are used for designing,
producing, and constructing pavements may need to be modified when
using AR.

N
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AR Binder for HMA Applications

AR blends can be used as the binder for open, gap and dense-graded
HMA. For appropriate use in each of these mixture types, the charac-
teristics of the AR binder need to be considered during the design

process. For each HMA mixture type, special consideration needs to be

given to the particle size of the CRM and the viscosity of the AR
binder. For any type of HMA mixture, if the rubber particles are larger
than the void spaces between the compacted aggregate particles, there -
will be interference with the aggregate particle-to-particle contact that
can result in mixtures that have a somewhat unstable or spongy ten-
dency during and immediately after compaction. This tendency is the
result of the swollen CRM particles interfering with the normal mixtiire
compaction process. With typical CRM sizes used (minus No. 10
mesh), this tendency is of most concern with dense-graded mixfures be-
cause gap and open-graded mixtures generally have sufficient void
space to accommodate the rubber particles. ‘

AR binder with high CRM contents (10 to 25%) will havea fhuch
higher viscosity than conventional asphalt cement. The increased ¥iscos-
ity can have an effect on mixing and compaction temperatures,
aggregate particle coating, and mixture drdinage eharactéristics. The ef-
fect of viscosity needs to be considered furing the BMA mixture design
process.

AR binder for use in various HMIAapplications consists of the appropri-
ate gi'ades and quantities of Asphalt cement, CRM, and additives for the
specific performance charafieristics required forthat application. De-
tails on binder designgie contained elsewhere.”” There are two general
manners of using wel-process AR.in HMA. The first manner is to use
AR binders that do not have significantly modified properties so that
thereywill be minimal'@ffects on design and construction of HMA. AR
binderforthis type of use will typically be composed of the normal
grade of paving dsphalt used in that area and a maximum of 5 percent
of the binder wéight of CRM. For dense-graded mixtures, the CRM par-
ticle size shelld be fine (such as less than 50 mesh) while for
open-graded mixtures, coarser CRM (such as 16 mesh) can be used. It
is suggestedithat the viscosity of the AR material produced in this man-
ner not exceed 500 centipoise at the temperature it is added to the
aggregate for mixing.

The second manner is to use AR that has highly modified properties to

‘provide a binder with increased performance characteristics. The high

degree of modification is accomplished by using higher CRM contents
of 10 to 25 percent. Typically, asphalts used are one to three grades




Page 10-6

10.2 Design of
Dense-Graded
HMA Using AR

softer than the normal grade for that application. This type of AR will
have significantly modified physical properties over the entire tempera-
ture range that the material will be subjected to during construction and
in-place usage. Therefore, design and construction methods may need
to be adapted to account for these modified properties. For dense-
graded HMA, finer CRM particles (typically less than 20 thesh) are
appropriate, while with open-graded mixtures, larger particlei(such as
10 mesh) can be used. Specifications for these grades of AR With sig-
nificantly modified properties as proposed by the FHWA' are shown in
Table 10-1. With open and gap-graded mixtures, viscosities of up to
6000 centipoise have been used as opposed to the 4000 entipoise maxi-
mum in Table 10-1. The 4000 centipoise makimum is reconimentied
for use with dense-graded mixtures due tg the possibility of aggregate
coating difficulties which can occur at higher vi€cositiés.

It has been determified that@oth Marshall and Hveem methods® with

slight modifications cansbe used foifidesign of dense-graded HMA using
AR Both procedures essentially consist of selecting aggregates and
binder, compacting mixes at Yarying binder contents, analyzing com-
pacted@pecimefi voidsy mechanieal testing, and then selecting the
binder content based on data obtained. The following discussions when
using AR '¢an be applied t@ both Marshall and Hveem procedures.

Aggregate

Densé-gradeddIMA using AR is composed of typical dense-graded
type aggiegates and appropriate AR binder. Aggregate should meet the
same quality requirements as for conventional asphalt concrete that
would be used in similar applications. When using AR with less than 5
pereent of fine CRM (minus 50 mesh), usual dense-graded aggregate
gradations can be used. With higher CRM content AR binder, the aggre-
gate gradation for dense-graded mixtures should be maintained on the
coarse side of the gradation band. Gradations which plot between the
maximum density line and the upper limit of the band should be
avoided. Maintaining the gradation on the coarse side of typical dense-

- graded bands is important to provide sufficient void spaces in the

aggregate for the rubber particles. If the aggregate gradation is too fine,

or the rubber particles are too large, compaction problems resulting

from rubber interference between aggregate particles can result. This ef-

fect is indicated by two observations during the mixture design T
procedure. First, immediately after compaction and while hot, the mix-




Page 10-7

R ]

Table 10-1. 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 >38 260 38 <26
° (>100) (80 to 100) (<80)
Lowest mean monthly temp. °C
(°F) >0 12100 <12
(>30) (10 1080) {<10)
Apparent viscosity (P) 1000 min 1000 min 1000 min
175°C (347°F)
ASTM D2994 spindle 3, 12 rpm 4000 max 4000 max 4000 max
Penetration (1/10 mm) 2540in 50 min 75min -
25°C (77°F) Sl
AASHTO T49 100 gram, 5 sec 75 max 100 max - 150 max
Penetration {1/10 mm)
4C (39.2°F) 15 min 25 min 40 min
AASHTO T49 200 gram, 60 sec
Softening point °C 54 min 49 min 43 min
ASTM D36 (°F) (130 min) (120 min) (110 min}
Resilience (percent)
25°C (77°F) 20 min 10 min 0 min
ASTM D3407
Ductility (cm)
4°C (39.2°F) 5 min 10 min 20 min
AASHTO T51 1 cm/min -
hin film oven residue, AASHTO T179
Peneitation
(percent of origiral retained) 75 min 75 min 75 min
4°C (30.2°F)¢ -
AASHTO T48 200 gram, 60 sec
Ductility S ;
(percent of original retained) 50 min 50 min 50 min
40°F) ,
AASHTO T511 1 cm/min
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ture will appear to have a somewhat unstable and “spongy” charac-
teristic if coarse aggregate particles are pressed into the mix. Second, a
relatively level trend in mixture air voids data may be noticed with in-
creasing AR contents, instead of the typical decrease in air voids. Both
of these effects can generally be reduced and eliminated by coarsening
the gradation or by reducing rubber particle size used. Suggested grada-
tion limits for 3% inch, Y4 inch, and % inch maximum sized
dense-graded mixtures for use with high CRM content AR bindersiare
shown in Table 10-2."

Table10-2. Dense-graded I-!LVIA aggregate

requirements
Gradation, % passing

Sieve size Y% Y A
1in. 100 100 100
Yain. 100 100 80-100 s
Yo in. ‘ 100 - 80-100 70-80
Yg in. 90=100 75-95 60-80
No. 4 60-80 50-70 40-60
No. 8 40-60 35-50 30-45
No. 80 18-30 15-25 12-22
No. 50 818 6-16 514
No. 200 28 2-8 26

Additional Requirements

Fractured Faces (plus 8, 1 face) 90% minimum
Abrasion Loss (ASTM C131) 40% maximum
Sand Equivalent (ASTM D2419) 50 minimum

Trial AR Contents

Due to replacement of a portion of the asphalt by CRM in the AR (up

to 25%), the AR contents to be investigated during the dense-graded

mixture design may need to be up to approximately 25 percent higher iy
than with conventional asphalt cement. As a general rule, the increase
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in required binder content will be proportional to the CRM content of
the binder." During the design procedure, the CRM in the asphalt
should be considered as an integral part of the overall binder. For speci-
men evaluation and analysis, the CRM can be accounted for by
measuring the AR specific gravity (ASTM D70), or by calculating the
combined specific gravity of the AR by proportion. With typical asphalt
cement (specific gravity of 1.00 to 1.02) and CRM (specific gravity of
1.15 to 1.20) the combined result for AR can be between 1.01 and 1.05
at 60°F.

Specimen Mixing

When using high CRM content (10-25%) AR binder, it is recom-
mended that the AR be heated to 350+10°F, and the aggregate to
300+5°F. The 350°F temperature for AR can be used for each grade
shown in Table 10-1. The AR should be heated using an indirect
method such as a forced-draft oven to maintain temperaturgand the AR
should be stirred to assure uniformity immediately before addingito the
heated aggregate. For AR binder with a low CRM coilient (Iess than'd
percent), mixing temperatures can be more@ifilar to those used for the
base asphalt cement.

Mixing of the AR with the aggregate §hould be performed using stand-
ard types of mechanical mixerssueh as Whips or paddles. Mixing
should be performed immediatcly after addition of the AR to the aggre-
gate and should continue for at least 30 seconds beyond the time
required to obtain complete aggregate coating. Total mix time should
not exceed two minfites. If complete aggiegate coating is not achieved
in two minutes (Which may be dugneVery fine or dusty mixes), the AR
content should be 1n¢reased, or the viscosity of the AR reduced by in-
créasinigtemperature or lowering CRM content. Following completion
of mixing, thémixture should be split into appropriate portions (ap-
proxintately 1100 t0W200 grams) for compaction of specimens. If
Hveem compiaction will be used, the mixture should be subjected to the
standard 140°F curing procedure for 15 hours.

Specimen Compaction

Due to the high viscosity of AR at high temperatures, AR mixtures can
be more sensitive to compaction temperature than conventional mix-
tures. Figures 10-1 and 10-2 show density and air void plots for .
dense-graded HMA mixtures containing AC-20 and 120/150 asphalt ce-
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ment, and AR made using 18 percent 30-mesh CRM with the 120/150
asphalt. Specimens were mixed at 300°F and then compacted at 200,
225, 250, 275 and 300°F using 15 blows per side with a handheld Mar-
shall hammer to attempt to simulate initial field compaction levels.
Figures 10-1 and 10-2 show that the compaction levels achieved with
the AR mixture were affected to a much greater degree by tefperature
than the AC-20 or 120/150 mixtures. This information indicates that
compaction temperature uniformity during the mixture design process
needs to be of even greater concern than with standard HMA.

Figure 10-1. Density vs. compaction temperatuce for HMA
with AC-20, 120/150, and AR
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Figure 10-2. Air voids vs. compaction temperature for HMA
with AC-20, 120/150, and AR
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During the mix design, when using Marshall compaction, the loose mix-
ture should be stored in a forced-draft oven maintained at the
compaction temperature to ensure that the appropriate temperature is
achieved. This can be accomplished by storing the mixture for one to
two hours in the oven and verifying actual mixture temperature with an
accurate thermometer placed in the mixture. For low CRM-content AR
mixtures, compaction temperature can be the same as that which is used
for normal HMA. For high CRM-content AR mixtures, the recom-
mended compaction temperature can be between 275 and 300°F. Use of
a 300°F compaction temperature can result in design binder contents
that are as much as 0.5 percent lower than if compaction is performed at
275°F. Whatever compaction temperature is chosen, it is important to
maintain that temperature within +£5°F to achieve uniform, repeatablé re-
sults in the laboratory.

Specimen compaction consists of removing the specimen from the
oven, placing it into heated Marshall molds, spading 15 times, aad corm=
pacting using standard Marshall proceduregdCompagtion level ¢an be
35, 50, or 75 blows per side as dictated for the anticipatedmafficilevel.
Compaction should be completed within three riiiiutes followinge-
moval of specimens from the oven.

Compaction temperature, whefi Using the Hveemyprocedure, should

also be within the 275 to 300°F range: Some agencies and research stud-
ies have used 300°F.° After the curing period at 140%E)the specimens
should be heated to within +5%Fmef the deésignated compaction tempera-
ture and then compacted.

For both the Marshalkand the Hveem protedures, specimens should be
allowed to cool to Ambient laboratory témiperature (minimum of four
hours) prior to rémoving from thémmolds. The reason for this is that if
specimens are rem@ved while still warm, deformation due to rebound
ffom the rubber particlesymay occur, which could distort results.

Specimén Testing

For both Marshall and Hveem procedures, following removal from the
molds, speimens are tested using standard procedures to evaluate sta-
bility, flow, stabilometer value, density, voids, etc.

Marshall Procedure: Test results should be reported using standard
procedures and methods. The design binder content should be selected
to provide a mixture with appropriate air voids while providing appro-
priate stability, flow and VMA as indicated for conventional mixtures

-Page 10-11
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in the MS-2 manual.® Two modifications in design criteria should be
used for AR dense-graded HMA. First, due to the increased viscosity,
elasticity, and softening point of the AR, HMA mixtures tend to experi-
ence less compaction and densification from traffic after construction.
Therefore, for dense-graded mixtures containing AR bindex, the designs
air-void level can be set at the lower end of the 3-to-5 percentrange.

The second modification in analysis of results for determiningdesign
binder content is that maximum flow values can be raised to 24 for light
traffic, 22 for medium traffic, and 20 for heavy traffic dué fo the higher
binder contents that are typically requ1red and due to the flatter slope
of the load versus deformation curve during the MéfShall stability profe-
dure.!

Typical design AR contents for dense-graded HMA range from 6.0 to
7.5 percent by mixture weight. Generally, HMA mixtures £ontaining
high CRM content (10-25%) AR will have increased@WVMA and flow re-
sults, and may have deereased stability results. For lower CRM content
(0-5%) AR, mixture results are typieally mote similar to conventional
HMA.

Hveem Procedureasts with theéMarshall procedure, test results e,
should b€ reported using standard procedures and methods. HMA con- ' ’
taining AR"Ginder with a highhCRM content (10-25%) will typically

yield lower stabilometer values than conventional mixtures. This is a re-

sult of inereased lateral deformation per given load that is obtained with

the présence of AR. Typlcal stabilometer results when using high

CRM content ARMindet ih dense-graded HMA range from 20 to 30

when using aggregate which produces 35 to 40 stabilities with conven-

tlonal asphalt cement. As with the Marshall procedure, typical binder

contents tafgediom 5.5 to 7.0 percent. Hveem mix design procedures

will generally result in slightly lower binder contents compared to Mar-

shall designs.

Moisture Resistance

After the AR content of the mixture has been determined, the moisture

resistance of the mixture should be verified. Conventional procedures

such as Immersion Compression (ASTM D1075) or Tensile Strength

Ratio (ASTM D4867)"" can be used. Specification limits should be the

same as for normal dense-graded HMA. Additives such as cement, hy-

drated lime, or liquid anti-strip can be incorporated if improved e
moisture resistance is needed. -
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Mixture Design Documentation for
Dense-Graded Mixtures

The completed mixture design for dense-graded HMA with AR binder
should document the properties of materials used, testing performed, de-
signed mixture characteristics, and specifications. As a minimum, the
following items should be included in the design:

1. Aggregate—gradation, specific gravities, fractured faces,
abrasion loss, sand equivalent, other quality requirements

2. AR Binder—asphalt cement, CRM, percentages, specificas
tion tests, reaction results, specific gravity

3. Specimen Mixing—Dbinder contents, mixing and cosfipaction
temperatures, compaction methods

4. Specimen Testing—maximum specific gravity, bulk specific
gravity, stability and flow (Hveent stabilityf)

5. Calculations—air voids, voids filled, ¥MA, absorbethas-
phalt, density, effective asphalt

6. Moisture Resistance Testing—us@of additives)if needed
7. Design Recommendalions—!

¢ AR Binder Content

e Field Density Targets

e Production andCompaction Temperature Ranges

Gap-graded HMA i§ a variation,of densé-graded HMA in which the ag-
gregate gradatioi i§ coarsened to provide a greater amount of coarse
aggré{gate contact and te increase VMA to permit increased binder con-
ténts. MEearsening of théaggregate gradation provides space for the
CRM particlesiand permits use of larger sized CRM than with dense-
graded mixtures, Gapsgraded HMA using high CRM content AR has
been founddo offer increased peri‘"ormamce.12 Suggested gradations for
gap-graded HMA are shown in Table 10-3. Aggregate should meet all
other typical quality requirements for use in HMA. Gap-graded mix-
tures are Very similar in concept to Stone Mastic (SMA) mixtures.
When using AR binder in this application, modifiers for drainage reduc-
tion may not be required due to the increased viscosity of AR and
resulting reduction in drainage characteristics.

Page 10-13

10.3 Design of Gap-
Graded HMA
Using AR
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Table 10-3. Gap-graded H%A aggregrate

requirements
Gradation, % passing

Sieve size % 2 34
1in. 100 100 100
Y4in, 100 100 90-100
Yain. 100 90-100 65-85
in. 78:92 70-90 50-70
No. 4 28-42 24-42 22-42
No. 8 15-25 15-26 15-25
No. 30 515 515 515
No. 200 37 37 37

Additional Requirements

Fraghired Face§ (plus 8,1 face) 90% minimum
AbragionLogs (ASTM G131} 40% maximum
Sand Equivalent (ASTM D2413) 50 minimum

Both Marshall and Hveem procedures can be used to design gap-graded
HMA with AR binder.The modified compaction and testing proce-
durgs used should be the same as for dense-graded mixtures as
previously discugsed. The design binder content should be chosen to sat-
isfy 3 to§ per€ent air voids and 20 percent minimum VMA. Both
Marshall and Hveem stabilities are typically lower than conventional
deénse-graded mixtures by as much as 50 percent. Typical design AR
bindeér contents range from 6.5 to 9.0 percent by mixture weight. Gap-
graded mixtures will typically have higher VMA and flow values, and
lower stabilities than dense-graded HMA. As with dense-graded de-
signs, differences may occur between Hveem and Marshall designs.
Design documentation should consist of the same items as for dense-
graded HMA.

/M‘Jﬁ*i X
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The modified physical properties of high CRM content AR permit its
use in a variety of manners with open-graded HMA (OGFC). Due to
the increased viscosity of AR, binder contents of up to approximately
10 percent can be used without experiencing excessive drain off. The
higher binder contents produce thicker binder films which increase mix-

. ture aging resistance and durability. Additionally, higher mix

temperatures can be used which assist with construction in cooler tem-
peratures or if long hauls are needed.

Design procedures for OGFC generally consist of (1) selecting the ag-
gregate gradation, (2) determining the binder content, (3) evaluating
mixture drainage versus temperature characteristics, and (4) determin<
ing moisture resistance properties. The following design procedure
adapts procedures specified in FHWA Report No. FHWA-RD-74-2,
“Design of Open-Graded Asphait Friction Courses,”"* and EHWA
Technical Advisory-Open Graded Friction Course, T5040.31 “for use
with AR binder.

‘When using high CRM-content AR binder, a'much wider fange of

binder contents is possible than with conventionial asphalt cement: Use
of binder contents at the high end of the possible range will provide
mixtures with thicker binder films and th@i§ inéreased duability, but at a
greater cost. The designer must'degide/on the appropriate €0st versus
performance balance for specific projects.

Aggregate

Aggregate for use with OGEC,using AR binder should meet the same
quality requirem@nts as for convéntiohial OGFC mixtures. Suggested
gradations are showin in Table 10-4.

AR BindenContent

The'suggestel method for determining the AR binder content for open-
graded mikiures is to first follow the FHWA T-5040.31 procedure for
asphalt content of conventional mixtures, and then to adjust the asphalt
content forthe AR binder being used and the specific project applica-
tion. The procedure is as follows:

Step 1. Determine the surface constant K. of the aggregate us-
ing the FHWA T-5040.31 procedure (oil soaking and drain
off)."”® This procedure is also contained in the Asphalt Insti-
tute MS-2 manual.®

10.4 Design of Open-
Graded Friction
Courses Using
AR
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Table 10-4. Open-graded H1!AIIA aggregate

requirements
Gradation, % passing
Sieve size % 1A
Y4 in. 100 100
Yoin. 100 95-100
% in. 85-100 75-95
No. 4 25-55 20-46
No. 8 5-15 5-15
No. 30 0-10 010
No. 200 0-5 0-5

Additional Requirements

Factured Faces (plus 8, 11ace) S0% minimum
Abrasion Loss (ASTM C131}) 40% maximum
San@lEquivalent (ASTM\D2419) 50 minimum

Step 2. Calculate the re?uired asphalt cement content using
the following formula:"® Percent Asphalt (aggregate weight)
= (2.0 K¢ £4.0) x 2.65/SGace.

Step 3¢ Determine the base AR content by dividing the per-
centage of asphalt from step 2 by the fractional asphalt

cemeiit (and extender oil if used) content of the AR. This pro- .

vides an asphalt cement content in the AR which is
equivalent to that determined in step 2.

The base AR content determined with the above procedure should be re-
garded as the minimum which should be considered for use in OGFC.
Mixtures which are produced at this AR binder content will exhibit

high air voids (15 to 20%) and VMA (greater than 20%) and will have
high permeabilities.

With high CRM-content (10 to 25%) AR binder, viscosity at mixture
temperatures will be significantly higher than for conventional asphalt
cement. This results in greatly reduced binder drainage characteristics.
Figure 10-3 is a plot of drainage characteristics of OGFC with AC-20
asphalt and AC-5 based AR which used 17 percent of a 24 mesh CRM.
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Data shows the reduced drainage of the AR mixtures even at binder con-
tents of 10 percent by mix weight.

Figure 10-3. Open-graded mix drain-off comparisod '€

1

. 3250F

ol ~5—AC-5R
i::eptable *ﬁ * ﬁ.;: 3000[:
r

7 8 9 10

Jinders@ontent, % by Total Weight of Mix

Generally, the maximufa bindercontent which can be considered for
use in OGFC approximately 40 peteent gieater than the base AR con-
tent when high CRM-¢content (15-25%} AR is being used. At this
bindef'eentent, the mixtures will typically contain 9 to 11 percent AR
binder by miXture weight andhwill have lower air voids (8 to 12%). This
high AR bindercontént will produce more durable mixtures. With AR
binder with lowér CKRM contents, the maximum binder content which
can be cansidered will be proportionally lower. Figure 10-4 shows ap-
proximate factors for minimum and maximum adjustments of the
asphalt cement content which can be considered when using AR. Fac-
tors shown in Bigure 10-4 would be multiplied by the asphalt cement
content determined using the FHWA T-5040.31 procedure to show ap-
proximate ranges for AR binder content.

11
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Figure 10-4. Open-graded AR mixture binder content
adjustment factors

AR Binder Content Adjustment Factor
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CRBM Content

Air Void Content

When using AR in OFGC, the air void content of the mixture should be
verifiedh Voids £an be analyzed by, comparing specimens (50 blow Mar-
shall at miking femperature) and performing volumetric analyses using
paraffin-coatéd specimens (ASTM).

Withdnereased AR binder contents, if it is desired to maintain air voids,
theé FHW A T-5040.31 procedures for determining void capacity of the
coarse aggregate and optimum fine aggregate content could be followed
to'adjust the mixture for the desired air void level. It is recommended
thatif fine aggfegate content adjustments are made to produce desired
air voidlevels, that adjustments be made within the gradation ranges
shown in Table 10-4. Fines content (minus No. 8 mesh) should not be
réduced below five percent because of the desired mixture “choking”
characteristics.

Mixture Temperature Determination

After selection of the AR binder content, the mixture should be tested
for drainage characteristics as outlined in FHWA T-5040.31. Due to the
degree of modification of high temperature viscosity of AR binder, with
high CRM contents, it may not be possible to select mixing temperature
based entirely on drain down characteristics. Achieving desired drain-
age may require slight adjustments of the AR binder content within the

e
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previously discussed minimum and maximum limits. Some drainage is
desired to adhere the mixture to the underlying pavement. With high

CRM-content AR, it is suggested that initial evaluations be performed

at 290 to 300°F. If drainage is not appropriate, temperature can be in-
creased or decreased to attempt to achieve the desired results. The
mixture temperature for high CRM-content AR mixtures should not ex-
ceed 325°F. If appropriate drainage cannot be achieved below this
temperature range, then slight AR binder content adjustments could be
investigated.

With low CRM-content AR binder the mixture temperature determina-
tion process will be more similar to that with the base asphalt cement.
The desired drainage characteristics remain the same.

Moisture Resistance Testing

Due to the high degree of water permeability of OGFC, {hémixture
must have adequate moisture resistance for appropsiate performanee.
The FHWA recommends using Immersion Compression Testing
(ASTM D1075), with a modified molding pressure of 2008psi instead
of 3000psi.15 The specified resultfigia 50 gercent minimum Index of Re-
tained Strength. Additives such as heabstable liquids, gement, or
hydrated lime can be used if improvements are needed, Some laborato--
ries have problems with this procedure, particularly with'specimen
slumping during the conditioping period. Test modifications or other
test procedures may be necesary to evaluate maoisture resistance.

Mixture Design Documentationfor
OpensGraded Mixtures

The ¢ompleted minture design for OFGC should document the proper-
ties of the matefials usedptesting performed, designed mixture
characteristids, and specifications. As a minimum, the following items
should be included in the design:

1. Apggregate—gradation, specific gravity, fractured faces, abra-
sion loss, sand equivalent, etc.

2. AR Binder—asphalt cement, CRM percentages, specification
tests, reaction results, specific gravity.

3. AR Binder Content Determination—CKE results, adjust-
ments for CRM content.

‘Page 10-18
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10.5 Design of
Surface
Treatments
Using
AR Binder

Mixture Temperature—drainage results.

Compacted Specimen Characteristics—voids, VMA, etc.
Moisture Resistance Evaluation—use of additives if needed.
Design Recommendations:

¢ AR Binder Content

¢ Production and Compaction Temperature Ranges

N s

AR can be used as the binder for surface treatment appligations. Typi-
cally, these applications consist of relatively highsamounts (8.5 to 0.7
gallons per square yard) of high CRM contefit (20 to 25%) AR binder
which is spray applied to the pavement surface anddhen cavered with
appropriate aggregate chips to provide a skid resiStant wearing surface.
This type of surface treatment is refétred to'as a “Stress Absorbing
Membrane” (SAM).13 If the SAM is covered withiamadditional layer of
asphalt concrete, the,SSAM is referred to as a “Stress Absorbing Mem-
brane Interlayer” (SAMI).*SAMRand SAMI applications have been
found to be capable of isiproving paveiment performance by reducing
reflective cracking, providifigyan impermeable membrane, and reducing
aging asphalt cementsin the underlying asphalt concrete.'’ p—

Design of aSAM or SAMIproject should address the following items:

AR binder to be used

Aggregale specifications
Quantities of AR and aggregate
Verifying aggregate retention
Spegifying construction guidelines

- > WA

AR Binder for Surface Treatment Applications

The AR-binder for SAM or SAMI applications should have the follow-
ing characteristics:

1. Adequate stiffness at high pavement temperatures to retain ag-
gregate and resist bleeding under traffic loadings at the design
application rate.

2. Adequate low temperature flexibility to retain aggregate in
cold weather and resist cracking.

3. Adequate adhesion to aggregate. i,
4.  Ability to be properly applied
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To provide adequate high pavement surface temperature stiffness to re-
sist bleeding at typical binder application rates (0.5 to 0.7 gallons per
square yard), generally high CRM contents of 20 to 25 percent by total
weight of the blend are required. CRM particle size is typically 10 or 16
mesh maximum.

Asphalt cements typically used for these applications vary according to
climate as follows:

Climate Asphalt Cement Grade
Cold AC2.5 or AC5
Moderate AC50r AC10
Hot ACl10or AC20

The grade of asphalt cement used can also be influenced by traffié con-
ditions. Stiffer asphalt may be needed for city streets with high traffic
levels and starting and stopping. Softer asphaltstmay be amore appropti-
ate for lower traffic volumes with less starting and stopping.

: The viscosity of the AR needs to be appropriate for proper spray appli<
T cation. The capabilities of spray application systems can Vaky

' significantly, therefore, the AR cHardgteristics must be matched to the
application equipment. Generally, specialized distributors which are de-
signed for AR are used for the spray application. For acgeptable results,
AR viscosity at placement temperatuse shouldnot exceed 4000 cen-
tipoise at time of use. If requiréd, AR viscosity €an be reduced for
improved application charactéristics by incigasing temperature, adding
small amounts of appropsiate diluent, or by Using an aromatic extender
oil in the blend.' For SAMT's, diluent should only be used if adequate
cure time is allowed prior to overlaying:

Spegifidations for high CRM-content AR binders for use in SAM or
SAMI applicatiens are being developed by several organizations. The
specifications being comsidered are similar to those for HMA applica-
tions (Table 1041); howewer, it is suggested that increased high
temperatureétifiness be provided due to the typical high application
rates that aré used.

The FHWA ' hias proposed limits on CRM particle size for use in sur-
face treatments with various aggregate sizes. This concept appears
reasonable and should aid in achieving appropriate aggregate embed-
ment.
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Aggregate Requirements

Aggregate for use in SAM applications should be composed of high
quality clean and durable crushed rock, crushed gravel, or crushed slag.
It should also be free from deleterious substances such af brganic mate-
rial, clay balls or lumps, and should not have adhered dust ¢datings
which could reduce adhesion. Suggested gradation and other quiality re-
quirements are contained in Table 10-5. The gradationséhown in Table
10-5 are essentially “single size” gradations. It is impoftant for appropri-
ate aggregate retention that the gradation requirements be met. Use of
more well-graded aggregates with increased intermediates and fines/@an
tend to reduce embedment and adhesion to tie AR Ginder.

Table 10-5. SAM cover aggregate réquirefnents'®

Gradationy% passing
Sieve size
% Y

% in. 100 ~ 100
Yain. 100 95-100
in. 70~-100 0-20
Yain. 0-10 - 0-5
No, & 0-5 0~2
No. 200 0-1 0~1

Additional Réquirements

Fractured Faces (plus 8, 1 face) 75% minimum

Abrasion Loss (ASTM C131) 40% maximum

When increased durability of the SAM application is desired, use of pre-
coated aggregate can be considered. Typical precoatings are either hot
asphalt cement, which is mixed with heated aggregate, or cold applied
emulified asphalt coatings. Typical precoating amounts are approxi-
mately 0.5 percent by aggregate weight. Excessive amounts of
precoating material may cause increased pick up of the aggregate dur-
ing rolling. The precoating should be applied using the minimum
amount necessary to bind any fines or dust coatings to the aggregate
surface and to provide a film to adhere to the AR.

N
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AR Binder and Cover Aggregate Application Rates

For appropriate performance, the application rates for AR binder and
cover aggregate need to be selected so that adequate aggregate embed-
ment is achieved. If the application rates are not correctly designed,
problems with loss of aggregate or bleeding may occur. It has been re-
ported that inadequate SAM binder and aggregate application rate
design procedures have resulted in flushing problems, and that use of
an appropriate design process could result in improved perfc:rmance.19
The commonly practiced design process generally selected the applica-
tion rate of the AR binder and then applied a sufficient quantity of
aggregate to cover the binder and permit rolling without aggregate pick

“up. The problem with this method is that there is little control of aggre-

gate embedment achieved other than what can be accomplished with
minor permitted field adjustments. Once an agency gained suffici€nt ex~
perience with available aggregates, through a trial and error process,
application rate quantities were adjusted to produce correct results. Use
of these types of trial and error design procedurées probabily Sentributes
to the belief by many that constructing good performifig surfacc{réat-
ments is an art rather than a science.

The recommended method of desigiing AR#&urface ireatment applica-
tions consists of following a procedute Which provides for proper
embedment of one layer of aggregate in'the AR binder." Fhe procedure
basically consists of determining the correct quantity of aggregate for a
single layer thickness, and then défermining the appropriate application
rate for the AR binder considefing aggregate voids,traffic conditions,
and pavement surface conditions, to provide the desired aggregate em-
bedment depth. The desited aggrégate embedment depth has been
found to be approximately 50 to 60 percent of the aggregate particle
size when using high CRM content AR surface treatments compared to
40 pexrcént for conventionalasphalt cement."”® The higher embedment
depth'with ARNis possible dug to the increased stiffness and softening
resistanee of the AR Binder at Righ in-service temperatures. Addition-
ally, the inereased embedmeént depth is needed for adequate aggregate
adhesion. ‘

The FHWA has presented a suggested design procedure for surface
treatments when using high CRM content AR in Publication No.
FHWA SA-92-022." This procedure first determines cover aggregate
characteristics (specific gravity and dry, loose unit weight) and then re-
quires determination of the aggregate quantity for single-stone depth
coverage using a board test. The procedure suggests using a one-half
square yard surface area board, covering with a single layer of aggre-
gate, weighing and then converting that quantity into pounds per square




Page 10-24

yard. The aggregate quantity thus determined is the design aggregate
spread rate for the project.

For the project aggregate, the AR binder application rate is then deter-
mined by the following formula:

Formula 1
W
A=561ET(1 _62.4G)+V
Where A = Quantity of asphalt rubber (géllon/square yard an60°r)
E = Embedment depth from Figure 10-5{(inches)
T = Traffic correction factor from Tabile 10-6
G = Dry bulk specific grdvity of agaregate
V = Surface condition cortégtion {tom Tabie 10-7
(gallon/square yard)
W = Aggrégate diyleose unit weight
Table 6. Table 7.

Traffic Correction
Factor for Suiface
Treatment Design’

Pavement Condition
Correction for Surface
Treatment Design’

Vehicles | Traffic
pér day factor Pavement surface Asphalt quantity
per lane (T) condition correction (V)
flush asphalt
Over 1000 1.00 surface -0.06 gal./sq. yd.
smooth, nonporous
500-1000 1.05 surface -0.03 gal./sq. yd.
slightly porous,
250-500 1.10 oxidized
pourous, oxidized,
100~250 1.i5 slightly pocked +0.03 gal./sq. yd.
porous, oxidized,
under 100 1.20 badly pocked +0.06 gal./sq. yd.

In Formula 1, embedment depths for SAM and SAMI applications are
determined from Figure 10-5. It is noted that the desired embedment
depth for SAM applications is approximately 50 percent of the average
mat thickness, and that for SAMI applications, the desired embedment

i i
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is approximately 60 percent. Average mat thickness is the average
depth of the aggregate particles applied to the pavement. For the nearly
single sized aggregate gradations in Table 10-5, the average mat thick-
ness is slightly less than either the 34 or V4 inch maximum size.
Formula 1 also corrects for traffic conditions by using the T factor from
Table 10-6. The correction consists of increasing the application rate up
to 20 percent for lanes with low traffic counts. The reason for this is to
provide a greater amount of binder to aid in achieving desired embed-
ment level with lower traffic loadings. Pavement surface condition is
corrected for using Table 10-7 by using a lower application rate for
flushed pavement surfaces and an increased application rate for porous
pavement surfaces which would tend to absorb the applied binder. Vari¢
ations in embedment and the design binder application rate will also
occur within the lane because of greater traffic loadings in the wheel
paths Texas routinely corrects for these variations within the lafié by
varying apphcauon rate across the lane through the use of different dis-
tributer nozzle sizes on the spray bar.?

Figure 10-5. Embedment depth factors for AR surface
treatment design’

R

Q.5 —
| 1 1 T T i 7 .z
a5 B M = "
0.4 3 < e 10
LR e 4
E e L~ T
& 0.38 E N =
I~ - - LA g8
= 0.3 E = @
] ‘ prd LA
- 2 E 4 i _ @
;:: G o.es r " " :
= E g ] "
8 - o0z2E / 4’/ s O
& £ el -
a 0.15 E : 44 =
= £ 1. LT ]
w el i i 3
0.1 bt " 2
£ b 4
0,05 ‘ 1
E H 5
g G | j | | . L a .
0.2 0.3 0.4 0.3 0.7 a.8
AYERAGE HAT Th:.C'(VESS
inches

surface tresizent interlayer eesmcas

As an examplé, a ¥ inch maximum sized aggregate meeting require-
ments of Table 10-5, produced a board test single layer capacity result
of 25.0 pounds per square yard. The material had a bulk specific gravity
of 2.59 and a dry, loose unit weight of 88 pounds per cubic foot. The
AR binder application rate for this aggregate for SAM use according to
Formula 1 (using an average mat thickness of 0.45 inch) is 0.56 gallons
per square yard. If this surface treatment was being used for a lower
P traffic (250-500 vehicles per day) road which was very porous and
cracked, the binder application rate should be increased to 0.61 gallons
_per square yard. It is noted that these application rates are determined at
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60°F. Actual spray application rates at application temperature (300 to
400°F) would need to be increased by an appropriate volume correction
factor to adjust for volume expansion of the AR binder. At 350°F, the
correction factor is approximately 10 percent. Conventional asphalt ce-
ment correction factors are currently being used.

Flush Coats

For improved durability of SAM applications, flush coats may be used.
Flush coats normally consist of an application@f 0.10%e 0.14 gallon
per square yard of a 50/50 diluted SS emulsion. This@pplication tends
to seal the surface and improve aggregate rétentiont Flush{eoats can be
used with both uncoated or precoated dggregates

Moisture Resistance

The FHWA SA-92-022 surface treatment design procedure’ recom-
mends testing of thetgeregate<AR ingredients according to AASHTO Y
T 182 (ASTM D1664) forstripping potential using the cutback asphalt
procedure with a 300°F binder temperature. Use of this procedure may
be difficult due {0 attempting (0 soat aggregate at ambient temperature.
A more@ppropriate procedure could be the T182 procedure for dry ag-
greghie coated with'§eémi-solid asphalt and tars which uses heated
aggregate. Thesedrocedures visually evaluate coating retention when
the aggregate which is coated with binder is immersed in water for 16
hours ab77°F. The percentage retained coating is estimated at greater or
less than 95 p€icent only due to repeatability concerns when attempting
to estimate lower retained coating amounts.

Several States have developed more accelerated procedures to indicate
binder moisture resistance characteristics including Arizona Method
217, “Accelerated Stripping Test of Bitumen Aggregate Mixtures,”
which subjects coated a%igregatc particles to 150°F water and mechani-
cal stirring at 2400 rpm.”" Caltrans Method 302, “Standard Method of
Test for Film Stripping,” sub;ects coated aggregate to mechanical agita-
tion at ambient temperature.” The Texas 530-C boiling test evaluates
retained binder coating after subjecting the coated aggregate particles to
boiling water for ten minutes.” These procedures could be adapted for
use with AR surface treatments to provide an indication of moisture re-
sistance characteristics. These procedures, however, do not necessarily
simulate field conditions due to use of heated aggregate and the mixing
and stirring action during aggregate coating. The Vialit Chip Retention
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Procedure® provides an indication of chip retention characteristics by
simulating a surface treatment application in the lab.

An additional procedure has been used by industry to indicate moisture
resistance characteristics of AR surface treatments. The procedure con-
sists of proportioning the surface treatment on a metal plate in a 7.5
inch diameter circular area at the design binder and aggregate applica-
tion rates. Aggregate is compacted into place using a hand held ram.
After cooling, the surface treatment specimen is subjected to mechani-
cal brushing using an attachment to a Hobart mixer (similar to the
slurry seal wet track abrasion method (ASTM D3910) but using a brush
instead of rubber hose) for one minute to remove loose aggregate parti-
cles. The amount of aggregate retained can then be determined by
weighing. Following the initial brushing, the surface treatment speci-
men is placed in water at 77°F for 24 hours, removed and then
subjected to an additional one minute of brushing to remove any aggre-
gate which has loosened as a result of water immersion. The specimén
is then oven dried and reweighed to determine the'watef §oaked aggre-

gate retention amount. The percentage of retained ag@regate can then be '

calculated.

If it is determined that moisture resistance péeds to'be improved, sev-
eral methods can be used. First, liquid anti-stripping adlditives ¢an be
added to the AR binder.”> Another method is to use specialized types of
high natural rubber content additives to aid i increasing adhesiveness.’
Other methods include use of piécoated aggregate and flush coats.

Design Documentation for Surface Ireatments

The completed design forthe surface treatment should document the
propérties'of the materials used, testing performed, designed mixture
charagtéristics anéhspecifications. As a minimum, the following should
be included in an /AR sufface treatment design:

1. “Agegregate—gradation, specific gravity, fractured faces, abra-
sion loss, etc.

2. AR Binder—Asphalt cement, CRM percentages, specifica-
tion fests, reaction results, specific gravity.

3. Aggregate Application Rate Determination

4. AR binder application rate determination for the aggregate
and project conditions.

5. Moisture Resistance Evaluation—use of additives if needed,
precoating, or flush coat.
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10.6 Summary

10.7 Asphalt-
Rubber
References

6. Design Recommendations:
e AR Application Rate and Temperature
o Aggregate Application Rate
» Precoating, if specified
e Flush Coat, if specified

Wet process AR binders can have significantly modified physical prop-
erties compared to asphalt cement. Appropriate use of AR in paving
applications requires that the AR binder be apprépfiately designed for
the application, and that the final mixture with aggregate is correctly de-
signed. The differing physical properties of AR regfiire seferal
modifications of mixture design procedures to, ac¢eount for these differ-
ences. Mixture design concepts and methods which can be used to
account for the different properties of AR binders in 6pen, gap, and
dense-graded HMA designs, and in surface treatment designs are pre-
sented. Use of these design concepts,and procedures will aid in the
successful use of CRM il €enstruction 0HAR surface treatments and
HMA.
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Mix Design for Rubber Modified
Asphalt Mixtures: Dry Process

Mix design procedures and criteria used for conventional dense-graded
asphalt mixtures are not necessarily applicable for mixtures which con-
tain crumb rubber modifier (CRM). It is the purpose of this paper to
discuss typical mixture proportions, tests and properties of crumb rub-
ber modified mixtures using the “dry process.”*

Specific objectives of this paper are to discuss each of the following:

1. Design of the aggregate/CRM gradation for rubber modified
asphalt mixtures (RUMAC).

2. Compare RUMAC aggregate gradations with conventibnal
HMA aggregate gradations. -

3. Determination of the binder content for each applicatiofi.

4. Indicate the important binder and mixfure propemes for each
mixture/application combination.

5. Identify appropriate mixing and compaction {émperatures for

mix design.

6. Indicate how the RUMAC affe¢ts the mix design procedure
and mixture properties.

7. Compare CRM mixture propetties with conventional HMA.

Background

Several agencies haye employed the drygitocess when introducing
CRM into asphalt mixtires. The types of mixtures can generally be cate-
gorizéthinto two groups asfollows:

1.\ Coarse GRM. These mixture types, often referred to as rub-
ber mddified asphalt mixtures (RUMAC), contain coarse
tubiber particles (V4 to No. 20) which are designed to behave
as rubber aggregate. Examples include PlusRide and the ge-
neric RUMAC (Lundy et al., 1992).

2. Fine CRM. These mixtures contain mainly rubber passing the
No. 40 sieve and are designed to modify the binder proper-
ties. Examples include the generic dry asphalt rubber systems
used in Florida and Kansas.

*Dry Process—any method that mixes the crumb rubber modifier with the aggregate before the
mixture is charged with asphalt binder. This process only applies to hot mix asphalt production.

10.8.Introduction
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Typical uses of each of these materials (described elsewhere in these
workshop notes) include mixtures which can be used as a HMA surface
or base material. Because of time and space constraints, this paper will
focus its attention primarily to the dry processes which utilize coarse

rubber.

Testing Standards

Prior to reviewing the mix design processes, a review of appropriate
testing standards to use with RUMAC was déémed appropridtes Fhe fol-
lowing paragraphs briefly indicate the appfopriate tést standards tor
aggregates and binders used in RUMAC, as well@s the fesulting mix-

tures.

1.

Aggregates used in RUMAC are expeeted to meet the same
requireménts as thBse used in eenventional mixtures. About
the only difference 1s'in the aggregate gradations employed in
the mixtures; thakis, the gradation)is altered to allow room for
the CRM. Therefore, the standard AASHTO (or ASTM) test
procedures tsed to evaluate aggregate characteristics and/or
guality should be used fopRUMAC.

Asphalt bindersused in RUMAC should meet the same re-
quirements as for those used in conventional mixtures such as
standard AASHTO (or ASTM) test procedures. The only ex-
ception would be a test for compatibility between the binder
and the rubber (generic mixture only). The standard tests may
not work well on recovered binders owing to the presence of
CRIW'1n the binder. For example, vertical viscosity tubes will
plug. Alternative methods to evaluate CRM binders include
the DMA test proposed by SHRP (Anderson et al., 1991).

Test standards for RUMAC mixtures are nearly the same as those used
for'conventional mixtures. These include the following:

1.

Rice Gravity (AASHTO T 209). Used to determine maximum
specific gravity.

Bulk Gravity (AASHTOQ T 166). Used to determine air voids
using T 269.

Marshall Stability and Flow (AASHTO T 245) or Hveem
Stability (AASHTO T 246). Used for mix design purposes.

Moisture Induced Damage (AASHTO T 283). Used to deter-
mine potential stripping problems.

P
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In addition, tests to evaluate mixture properties for modulus (ASTM D
4123) and for fatigue and rutting resistance have also been employed
(Lundy et al., 1992). These performance-related tests, though not used
in mix design, have been used to evaluate the relative benefits of em-
ploying CRM in asphalt mixtures.

The materials used in RUMAC consist of crumb rubber, aggregate 10.9' Material
(plus filler) and an asphalt binder. Guidelines for selecting these materi- Selection
als for RUMAC vary depending on the specific process used, The :
discussion which follows applies to the most common RUMAC tech-
nologies used in the U.S. today.

Gap-Graded RUMAC

PlusRide is a typical gap-graded RUMAC which lias been usediin the

United States since the late 1970s (EnvirOtire, 1992Y. This patented

technology will be used for illustrative purposes throughout this discus-
<= sion of gap-graded RUMAC.

Rubber

Rubber used in PlusRide mixtures must conform to the gradation
shown below:

Sieve size % Passing sieve
Yain; 100
No. 4 76-88
No. 10 28-42
Ng. 20 16-42

The coarse rubber particles serve as an aggregate while the fine rubber
particles tend 10 modify the asphalt binder. The CRM recommended for
RUMAC is ambient temperature granulated passenger or truck tires
which are free of steel wire. No other requirements are included for the
rubber.
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- Aggregate

Aggregates used in this process must possess one of the gradations
given in Table 10-8. Other requirements include crushed aggregate con-
tent (min. of 75) and sand equivalent (min. of 50).

Items to note which are different than conventional asphalt mixtures in-
clude a gap gradation, a high filler content (7 to 12% p@ssing the No.

200 sieve), and a high percentage retained on the 3% in. sieve (up o
50%). The significance of each is discussed later in this paper.

Table 10-8. Example aggregaté gradation
for gap-gtaded CHM

PlusRide* PlusRide" PlusRide*
Sieve Size 8 12 16
Y4in. — - 100
Y in. - 100 —
in, 100 60 fo 80 50 to 62
Yain, 60 1080 301044 30 to 44
Nor10 231038 20t0 32 201032
No. 30 151027 131025 121023
No. 200 81012 81012 7to 11

. * Patented process

Asphalt Binder

The binder used in PlusRide mixtures is a normal paving grade asphalt.
The major difference in these mixtures is in the amount of binder used.
Typically, the required asphalt content is 1Y% to 3 percent higher than
for conventional dense-graded mixtures. If PlusRide is used, the asphalt
content must be within the following ranges:

o




- == passing the No. 16 sieve is a ground rubber.
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PlusRide Asphalt content
Mix Type % of total mix
8 81095
12 75109
16 751089

Because the rubber is used as an aggregate substitute, the compatibility
between the rubber and the binder is not evaluated.

Dense-Graded RUMAC

This mixture type was developed to incorporate CRM into conventional
dense-graded asphalt mixtures. Because of the firiéy tubbef gradation
used, it is anticipated that greater modification of the bifider will'take
place. This process has been used in New York, Oregon, and Illinois, as
= well as other States (Heitzman, 1992).

Rubber

The rubber gradation used in these mixturesiend to be finer fhan that of
gap-graded RUMAC. An examplegradation usedhin Oregon (Zhou et
al., 1992) is given below:

Sieve Sizie % Passing Sieve
No. 4 100
No. 8 70to 100
No. 16 401065
Not 80 20t0 35
No. 50 510 15

The CRM retained on| the No. 16 sieve should be ambient temperature
granulated from passenger and/or light truck tires, and should be cube
shaped and essentially free of fiber, metal, and moisture. The CRM
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Aggregate

Aggregate used in this process are slightly modified from conventional
dense gradations. Example gradings are given in Table 10-9. The grada-
tion actually used needs to be on the coarse side of thé limits to allow
room for the CRM. Other properties for the aggregate are Similar to
those required for conventional mixtures.

Table 10-9. Typical composition of dehse-graded
paving mixtures (after ASTM D 3515)

Mix designalion—rmeux. top size
Sieve Size %in, Yoin, Win,
1in. 100 4
Y4in. 8010 100 100
%in. — 90 to 100 100
3in. 56 to 80 — 90 to 100
No. 4 3510 65 441074 55to 85 e
No. 8 23 to 49 2810 58 321067
No. 16 — — -
Ne, 30 -~ — —
No. 50 51018 5t0 21 71023
No. 100 - — -
No. 200 2t08 21010 2t0 10
Asphalt Binder

Normal paving grades can be used in these mixtures. A compatibility
test is recommended. (Takallou, 1991); however, the actual test to be
used is not defined. The binder content also tends to be higher (e.g., 6
to 7%) than conventional mixtures.

10.10 Aggregate Aggregate gradation is the key to successful RUMAC projects. In all

Design cases, the CRM should be considered part of the void space as shown in
Figure 10-6. If the void space is inadequate for the CRM, early pave- s,
ment performance problems have been experienced.
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Figure 10-6. Stone Filled Mix Structure
Gap-Graded RUMAC

Gap-Graded RUMAC

Figure 10-7a shows the aggregate gradation used for one of the Plus-
Ride II mixes. As indicated, the gp in gradation Between the %4 in. and
No. 30 sieve is designed to provide space forthe rubber particles. The
high fines content tends tozeinforce the binder as well as increase the
asphalt demand. Rut resiStarice is ptovided by the increased coarse

stone content (>4 in.Gleve).

Dense-Graded RUMAC

Figure 10-70 sows a typical gradation used for the dense-graded proc-
ess (Furber, 1992). Note the change in the No. 4 to No. 10 sieve size to
accommodate the rubber. If the rubber particles are too large (or the ag-
gregate gradation too fine), it is difficult to achieve compaction as
illustrated in Figure 10-8. Inadequate void space for the rubber particles
can result in:

1. Large variations in void content at the same asphalt content.
2. Constant air voids with increasing asphalt content.
3. Expansion of specimen after compaction.
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All these can be reduced by reducing the size of the crumb rubber or by
opening up the aggregate gradation.
Figure 10-7. Typical aggregate gradatlons
used in RUMAC
100 4
80 /
Conventional / /
Mix
Percent 60 \\
Passing
Given
Size
20 s /Gap-Graded —
CRM Mix
= |
0 T
0.06 0.1 i 10 20
Sleve Size, mm
a) Gap-graded CRM
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% 60
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= Dense Graded
8 Mixture
S 40
o \A 7 V\
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Figure 10-8. Problems with improper
aggregate gradation
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Binder design for RUMAC is not as important a consideration @sin the
asphalt rubber. Conventional binders cat bé used including penetration,
AC, and AR graded. Though not required t@ ¢heck the asphalt/rubber
for compatibility, some of the fineubber will'teact with the CRM to
modify the binder properties. Although compatibility can be evaluated,
specific tests have not been identified (Takallou, 1591).

In the dry process, the.rubber is firshmixed dry with the heated aggre-
gate (then wet mixed with the asphalt). Hence, there is less time for the
asphalt/subber combination to react together compared with the wet
process.

Mix designusing the dry process has evolved using test methods and
procedures developed for conventional asphalt mixtures. Because of dif-
ferences in mixtire properties, many of the usual criteria have had to be
modified. This §ection outlines briefly the types of procedures which
have been used.
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10.11 Binder Design

10.12 Mix Design
Process
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Gap-Graded RUMAC

1.

4.

The mix design procedure used for PlusRide consists of the following
basic steps (EnvirOtire, 1992):

Preparation of mixtures
e Weigh out ingredients

¢ Heat aggregate and asphalt in 320°F* ovegh
(Temperature should vary with asphalt grade.)

¢ Dry mix aggregate/rubber for 15 s
e Wet mix for 2 min.
o Cure loose mix @ 320°F forl hr.

Prepare compaction mold and hammér—neéd to lubricate
with silicone grease to pi€vent stigking.

Compact using Marshall hammer (SOibless/side). Cool the
confined,specimen and remove it from the mold.

Determine void contént.

One mixture criterion‘notmally used igwoids (2 to 4%); however, some
agencies have added critegidysuch as minimum modulus (ASTM
D4123) and/ordhdeRof retained strength (AASHTO T 283). Typical
criteria dre given in Table 10-10.

Tabley10-10. Example of mix design criteria
for PlusRide type mixes

Property Value
Voids (%) 2-4%
Modulus (min)* psi—ASTM D 4123 v 100,000
IRS (%)—AASHTO T 283 75

*at 25°C

T
<N
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Dense-Graded RUMAC

The mix design procedure used for these mixes consists of the follow-
ing steps:

1. Preparation of mixture
® Weigh out ingredients

e Heat aggregate @ 350°F and asphalt @ 300°F
(Temperature should vary with asphalt grade.)

e Dry mix aggregate and rubber for 15 s
e Wet mix for 2 min.
2. Prepare compaction mold and hammer

3. Compact using Marshall hammer (50 blows/side) or using
kneading compactor

4. Cool confined specimen and remove it from mold
5. Determine void content
6. Test for stability

® Marshall

¢ Hveem

Typical mixture criteria are giverd in'Tablé 10- 1140k mix deésigns using
the Marshall method.

Table 10-11. Exainiple of mix design criteria
for generic typemixes

Property Value
Marshall stability (min) 800 Ibs
Flow (0, 1n) 8-20
VMA (% min) 17
Air voids'(%) 35
IRS (%)—AASHTO T 283 >75
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10.13 Typical
Laboratory
Mixture
Properties

10.14 Summary

The use of CRM does alter the mixture properties. Together with the
- higher asphalt contents, the following changes in laboratory Imxture
_ properties may be obtained: :

Lower stabilities than conventional dense-graded miixtures.
Lower moduli than conventional dense-graded siitures,
Improved water sensitivity (e.g., reduce stripping).
Improved fatigue resistance (see Figure 10-9) and low tem-
perature properties.

Similar to or less rut resistance thal dense “graded TIXIULES
(see Figure 10-10}.

Table 10-12 summarizes some typicalipropettied of the two types of
RUMAC discussed herein.

B oo

[

Table 10-12, Typisal mix properties for RUMAC

PlusRide Generic
Hveem stability <5 30
Marshall stability {125} 500 2,500
IRS (%} 80 - 80

This paper hasdummarized several critical aspects of what is required
to design RUMAC using the dry process. It emphasizes the key consid-
erations in materials selection, aggregate design, binder design and mix
désign as well as identifying some of the effects of CRM on mixture
praperties. Other dry process technologies (e.g., CRREL, Rouse) also
pxist, but time and space prevented their inclusion in this paper.

PN
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Figure 10-9. Fatigue resistance for CRM—

diametral fatigue test (after Lundy et al., 1992)
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10.15 RUMAC
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Figure 10-10. Rut resistance for RUMAC using LCPC
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Construction Considerations for Production
and Placement of Asphalt-Rubber Pavements

Initially standard asphalt industry equipment was used to produce AR
binders. The CRM was added to the hot asphalt cement by use of a
crude conveyor system dumping the rubber into a spreader truck (or re-
action vessel) through the dome lid. This conventional equipment did
not contain internal augers or any other means of mixing the two comj-
ponents together. As a result, the consistency of the early asphaltrubbér
binder materials was, at best, questionable. However this equipmént
evolved rapidly and within a few years, specialty equipment was being
fabricated with mixing augers and with the ability to handle the viscous
and abrasive asphalt rubber material. Throughout the 1970 8)the equip-
ment evolved dramatically and many experimental@éyices were
developed. In 1980 the most significant piece of equipment in the his-
tory of the asphalt rubber industry was develgpéd, the AR blending
unit. The new blending unit provitedthorbugh and eomplete mixing
(wetting) and constant agitation of the rhbber particles with the asphalt
cement, and thus a consistent and more predictable reaction. From the
earlier prototype, this blender hagevelved to the Heater-Blender units
that are used today. Further, ad the use of asphalfrubber binder has in-
creased, special metering equipment has bgén developed to accurately
deliver this high viscosity matésial to hot-mix plants (both drum and

batch).

The fabrication'af asphalt rabber equipment for use with hot-mix plants
has developed to a poiltof turii key convenience for various contrac-
tors around the€ountry."Asphalt rubber metering equipment can easily
be hooked ug to both drum and batch hot mix plants. When a drum
plant is utilized, a two or three way valve is installed in the existing as-
phalt feed l1n€ on the output side of the asphalt pump. The
asphalt-rubber metering equipment is then plumbed to the valve to feed
the asphalt-rubber binder accurately (as per specifications) to the hot
mix plant. When a batch plant is utilized the valve is again installed di-
rectly onto the supply line leading to the weigh bucket. If necessary, a
separate supply line can be installed in the pug mill itself. However, the
quick and easy installation into the supply line is the procedure gener-

11.1 Wet-Process—
Asphalit
Hubber
Construction

11.1.1 Asphalt-Rubber
Blending and
Reaction

11.1.2 Hot-mix Plant
Production
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11.1.3 Laydown and
Compaction

ally preferred by most contractors. As with the drum plant, the asphalt
rubber metering equipment is plumbed into the new valve. Special
pumps are used by the AR supplier to prevent damage to conventional
asphalt pumps. Depending on certain variables associated with individ-
ual projects, the binder supply lines, after plumbing is complete, may or
may not need to be heated. Continuous run plants gefierally do not re-
quire heated lines. The capability exists to heat the lines‘@meach project
if necessary. There is little if any change to standard hot=miX plant op-
erations when using AR binder instead of asphalt cefent. Typically
mixes with AR binder can be produced at plant opetating temperatires
similar to those of standard mixes. There are no reports,of AR residue
accumulating in hot plants, and there is no additional cléaning or flush-
ing required when hot-mix with asphalt sibber bindeér is produced.
After standard hot mix-production procédures afé complete the asphalt
rubber hot mix material can be stored in a heated or insulated silo. To
date the longest time frame has seen\a 36-hour storageé period with no
problems using the material.

The transport of the asphalttubber hot tix material from the hot plant
to the project site can(be accomplishéd by the use of a number of differ-
ent types of trucks, i.e., 10wheel dump trucks, semi end dump trucks,
transfers, or bellfdumps. This, of course, depends on what type of pav-
ing Operatiofl is being utilized. Wetting agents for the truck beds should
be either Seapy water or Silicone emulsion. No solvent based wetting
agents will be allowed, due to deleterious effects on the asphalt rubber
binden

As the asphalt rubber hot mix is delivered to the construction site, it can
be plageduitilizing both conventional paving procedures or with a pick-
up type of paving train. Standard paving specifications that refer to
asphalt-rubber hot-mix materials are normally used to select mixing,
laydown and compaction criteria. The following temperature ranges are
common for asphalt-rubber hot-mix applications:

(a) Hot Plant Mixing Temperature 280 to 310°F
(b) Laydown Temperature 270 to 300°F
(¢) Compaction Temperature Above 240°F

The breakdown rolling should begin immediately. Breakdown rollers
should stay as close as possible to the laydown machine without caus-
ing pickup or excessive movement. Two to four passes in the vibratory
mode (full width of mat) with a double drum steel wheel roller, high fre-

e
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quency, low amplitude should provide adequate density before the mix
drops below 240°F. However, particularly for dense and gap- graded
mixes, rolling patterns for each asphalt rubber hot mix should be deter-
mined on the construction site at the beginning of placement. As with
standard asphalt concrete, the lower the temperature, the less compac-
tive effort is achieved. Finish rolling may be delayed until the
temperature of the mat has cooled to 250°F. The number of rollers re-
quired to achieve proper density is directly effected by the expected
mix production schedules, width of paving lanes, mat thickness, surface
condition and temperatures (surface, ambient, and materials). It is criti-
cal to achieve the desired density while the mat is still hot.
Pneumatic-tired rollers should not be used due to the increased adhe-
siveness of the AR binder to the rubber tires. Steel drums should be
equipped with pads and a watering system. If the newly placed asphalt
rubber HMA pavement must be opened to traffic prior to fully cooling,
a blotter material may be required to prevent pick-up or tracking of the
mix. Blotter material should consist of clean, dry washed fine aggregate
or sand. A very light application rate of 1 to 3 gleunds per square yatd is
typically used.

There are minor differences in the actual handling of'the,asphalt-rubber
hot-mix materials. As the laydown crew gains@xperience and becomes
accustomed to the different behaviots of AR HMA mixes, 1o major
problems are associated with raking @t shoveling of the mix iii a timely
manner. Again, as long as this type of work is done whiléjthe mix is at
or above 240°F, there should be neproblemsiassociated with the work-
ability of the asphalt-rubber hét mix.

It should also be noted that dnly minor diffetences may exist regarding
the construction procgdures for Dense, Gap or Open-Graded asphalt-
rubber mixtures. AdSe, it should be heted, varied crumb rubber
percentages do not alfeéch construction procedures.

The quality, thus acceptance, of asphalt-rubber materials depends on
three basic gonsiderations:

1. Equipment—The equipment should be of quality manufac-
ture and fabricated specifically to have the capability to heat,
cotiibine, and react the various components into a homogene-
ous mixture and to apply or supply these materials as to
individual project specifications.

11.1.4 Quality
Assurance
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11.1.5 References

Asphalt-Rubber Binder Design—The acceptance of coinpo—
nent materials can be accomplished by any of three
procedures.

‘a. Materials certification from materials suppliers.

b. Pre job laboratory testing.
c. Laboratory testing of field samples.

Pre-job testing is the most common way to establish criferia for compa-
rable field testing. During the pre-job testing various/physical properties
are evaluated.

A.  Viscosity

Softening Point

Resilience

Needle & Cone penetration
Ductility

F. Ag€d residué fetention

monw

Through the above evaluation a target ¥iseosity is determined which is
the control testing criteria forthe asphalt-rubber binder in the field.

3.

Asphalt-Rubber Concrete (ARC) Mix Design. After the A/R
binder has been designed according to local climate and pro-
jeet specification griteria then the AR-HMA mix design is
performed. Standard mix design methods may be used with
minor modification to procedures. however, evaluation crite-
ria®©OF mix design data often differs significantly from that of
conventional asphalt concrete.

The developmental history of the asphalt-rubber industry has led to
many advancements in modified pavement technology. This knowledge
in turn, has led to the development of other systems also reacting recy-
¢léd ground tire rubber with asphalt cement. These alternate systems
show great promise and have been used on an experimental basis in
many areas of the country. '

ASTM D-8 Standard Definitions of Terms Relating to Materials
for Roads and Pavements.

Gap-Graded asphalt-Rubber Mix in the City of Phoenix, Joe o.
Cano, P.E., Equbalali Charania, Ph.D., P.E., Dong C. Wong, o,




SR,

AT

.
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P.E., Proceedings of the 4th Annual 4R Conference and Rodd
Show.

3.  Cal Trans—Asphalt Rubber Hot Mix-Gap Graded Thickness De-
termination Guide (Interim). Table 1—Structural Equivalencies,
Table 2—Reflection Crack Retardation Equivalencies, February
28, 1992. Special Provision for ARHM-GG, March 1992.

4.  International Surfacing Inc., Asphalt-Rubber for Highway Preser-
vation, Corrective Maintenance, and Construction Procedures,
November, 1992,

5.  Summary of Arizona Department of Transportation Experience
with Asphalt-Rubber State of the Art. Report #FHWA-AZ88-818

Construction Practices Using Dry Process—
Rubber Modified Asphalt Coricrete{RLMAC)

CRM

Varying types of mixesimay be designed to incorporate dry CRM into
paviflg matérials.

All dry process technologies include handling and storage of crumb rub-
ber at the Bot nfix production site. To date, rubber has been packaged
either in polyetnylene bags of approximately 60 Ibs., or larger bulk
sacks of approximately one (1) ton in capacity. Both forms of rubber
packaging are palletized and require tied down plastic sheeting for addi-
tional moisture protection during storage.

Pallets are handled with fork lifts and standard conveyor belts are used
for polyethylene bags or premixed crumb rubber.

- 11.2 Dry Process—
Rubber
Modified
Hot-mix
Asphait
Construction

11.2.1 Materials
Handling and
Feed
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11.2.2 Hot-mix P}ént
Production

Crumb rubber is generally fed into the weigh hopper or pug mill of a '
batch plant or the RAP (recycled asphalt pavement) collar or RAP feed

system on a drum plant. Where graded CRM is used, dispersion of the

rubber throughout the hot mix must be ensured.

A calibrated conveying system for loose CRM must be established. As
with any loose, granular material, the need for slatted@onveyarsto pre-
vent rollback and material segregation will depend ¢ the angle of
incline and specific characteristics of the material.

Polyethylene bags can be added via conveyor bélts to@ug mill. When
polyethylene bags are added directly into thé pugmill,'dry mix time
should be increased to ensure thorough rubber distribution. Five to fif-
teen seconds is a typical batch cycle increase time. This time can be
reduced or elimidated bydiaproving efficiencies in the feed equipment.

Mineral Filler

Where PlusRidéfastic asphalt type mixes designed with CRM and o
mireral filled binders are being produced, mineral filler may be fed
with lime féed equipmenbor storage silo’s systems designed for this

purpose.
Quality Assurance in CRM Feed

For the PlusRide mastic asphalt gap graded mix, uniformity of rubber
gradation is assured by premixing graded factions of rubber prior to
conveyinglinto the weigh hopper of a batch plant or the RAP feed collar
or RAP feed device of the drum plant.

Feed Control—Materials Proportioning

Feed equipment for CRM should be interlocked with plant controls to
assure correct proportioning. This is particularly important for the con-
tinuous material feed systems used for drum plants. Essential to proper
proportioning of crumb rubber modifiers is an electronic interlock to
plant controls. Because rubber is added by weight, no compensation
needs to be made for the difference in specific gravity between rubber
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and aggregate. A pneumatic feed system has been desired for use of
PlusRide asphalt projects in 1993. ‘

Drum Planis

Crumb rubber should be introduced far enough from the discharge end
of the drum to ensure thorough mixing and coating of the rubber parti-
cles. In practice, configurations adequate for RAP introduction have
been adequate to ensure homogeneous mixes when CRM is introduced.

Batch Plants

It may be necessary to increase the dry mix time when introducing
CRM into batch mixes. Batch mix time could be optimized by introdut-
ing CRM uniformly along the axis of the auger.

Quality Assurance

The acceptability of mixing can be determineddy extragtion of therub-
ber from random samples to determine uniformity of distribution,

Storage and Transport

T,
i e

Once blended and mixed, rubber modified asphalt ¢oncrete's are stored
and transported using conventional equipiient. As withiany mix, wet-
ting agents used for truck beds should be non-petroleum based agents.
Use of conveying belts made of sailibéncompounds is to be avoided to
eliminate the possibility to stiéking and segregation of mix. Mixes are
generally handled at a slightly elevated tendperature range as compared
to conventional dense-ggéded mixes, temperature limits need to be
strictly observed in order to ensurénecessdry compaction. Storage tem-
perature should be maintained above the'desired placement temperature.

Paving with RUMAC réguires no modification to equipment or proce- 11.2.3 Laydownand
dures. Standard fransport equipment and pavers are used and no special Compaction
instruction 18 required. s

Because rubber modified asphalt concrete’s are carefully designed
mixes, compagtion to specified voids should be assured.

Equipment and Procedures

iy Pneumatic tired rollers are generally not used for RUMAC as they are
' potentially more prone to material pick up. Soap solutions are recom-
mended on steel wheeled roller drums. Steel wheeled rollers are used
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for both breakdown and finish rolling. Hand work should be carried out
immediately while RUMAC paving materials are hot.

Although rolling to 140°F has been specified in the past for PlusRide
mats, the rate of heat loss during compaction to stable density does not
appear to differ measurably from that of unmodified paving mixtures.
Experience has shown that maximum density is achieved With essen-
tially the same rolling patters used for conventional densesgraded
mixtures.

Quality Control Sampling and Testing

As with conventional asphaltic concrete, cafnpactive effort shoulld be
monitored with nuclear density gauge during paving operations.

The rolling pattern required to achiéve target@ensity should be estab-
lished with a test strip. Current PlusRide formulations are compacted in
the same manner as.dense-graded mixes, There 15 110 minimum tempera-
ture to which PlusRide must béwelled, rather rolling should continue in
accordance with the estdblished rollifig,patiern.

The relative accuracy of nucléar density gauges is not affected by the
presente of rubber in RUMAC mixes. The accuracy of nuclear density
gauges atephowever, greatly affecied by surface texture. Where textur-
ized surfaces, such as that'exhibited by PlusRide mixes, are being
sought, density should be confirmed by core sampling, with nuclear
denity gauges being used during paving only to establish that maxi-
mum compactiye effort has been achieved.
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