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Preface

Highway agencies have been evaluating crumb
rubber modifier (CRM) technologies in hot mix
asphalt (HMA) since the 1970’s. Numerous
technologies have been studied, with varying
degrees of success. Three agencies have used
CRM-HMA in quantities that meet or exceed

the mandate specified in Section 1038 of the
Intermodal Surface Transportation Efficiency Act
(ISTEA) of 1991. These agencies, which include
Arizona, California, and Florida, use the wet
process in dense-, gap-, or open-graded mixes.

To provide other agencies with information on the
use of CRM-HMA, the Federal Highway

Administration (FHWA) undertook a 5-year study
titled “Crumb Rubber Modifiers (CRM) in Asphalt

Pavements” in September 1994. The contract was

awarded to a team headed by Oregon State
University and includes the National Center for
Asphalt Technology at Auburn University,
University of California-Berkeley, University of
Nevada-Reno, and Nichols Consultifig Engineers.
The overall objectives of the study are to:

B Develop guidelines for'pavement structural
and mix design angifor pavemernt
construction, including mix production and
field@uality control tests,

B Establish the long-tefm.pavement
performance of ORM mixes as well as the
ability to'feeycie these mixes.

While there is also\a need to consider all
conceivable variables, there is also a need to
focus the work early on to consider high payoff
issues. This will result in a better definition,
reduction, or elimination of process applications,
materials, or other variables which, based on
available data, are not important or significant.

This report is one of the early products of the
study. The document summarizes the CRM-HMA
practices in the States of Arizona, California, and
Florida. The information was colleciedl through
visits with agency and industryg@ersonnel in each
of the States. It is intended t@ provide infQrmation
on pavement design, materials, mix design,
construction (including costs anthguality control),
and pavement perfgimancenSignificantfindings
include the following:

B Thickiriess design considerations. Much of
the use of CRM-HMA is@s functional
overlays: Only California utilizes a layer
eguivalency to reduce the thickness of the
CRM=HMA.

B " Materials. The different agencies generally
use ambient-ground CRM with asphalts that
will produce an asphalt-rubber binder with a
pertain viscosity. Dense-, open-, and gap-
graded aggregates have been used.

B Mix design considerations. Arizona and
Florida have modified the Marshall procedure
to obtain their mix designs. California has
modified the Hveem procedure. All have
produced successful mixes.

M Construction process. The addition of CRM
in HMA makes use of much of the equipment
used for conventional mixes. However, there
is an additional requirement for a
blending/reaction vessel and some increases
in mixing temperatures.

B Costs. The increased cost of the CRM-HMA
(compared with conventional HMA) ranges
from as little as 15 percent (in Florida) to
70+ percent in Arizona/California, depending
on the mix type.




B Quality control. This issue is an important B Performance. All agencies feel they are
one. The uniformity of the asphalt rubber is obtaining an added value. However,

generally checked using viscosity tests;
however, there is a definite need for
improved procedures to evaluate the binder
uniformity as well as the mix properties.

inade
these

N
>

quate data are available to quantify
benefits.
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troduction

Background

In June 1993, the Federal Highway Administration
(FHWA) published a congressional report sum-
marizing the state of the practice for incorporating
recycled materials, including crumb rubber
modifier (CRM), into highway pavements. The
report, called the Phase | study, concluded that
further research is necessary to assess the
performance characteristics and recycling
potential of CRM asphalt concrete (AC). In
September 1994, the FHWA contracted with
Oregen State University to resolve many of the
outstanding technical issues identified imhthe
congressional report. The research program is
extensive in scope and designed to_produce
guidelines that can be used by State highway
agencies (SHA's) to incorporaté CRM into asphalt
pavements. The goal of this study (termed the
Phase |l study) is to answer the Tollawing
questions:

B What'existing pavement design method is
most suiteddor se, with CHM?

B Can existing performance prediction models
be applied to CRM technologies?

B What binger testing techniques are most
suitable for'use with CRM?

B How can mix design procedures be adapted
to this technology?

B What construction equipfnent and production
procedures are most efféctive for each, of the
CRM technologies?

B What are thel expecteédhperiormance
characteriglics of thése materials? Does
performance varf with construction process
and énvironmenial region?

B _ To what degree can these materials be
réeycled?

1he overall objectives are to evaluate
CRMtechnology as it relates to design,
constiugtion, recycling, and performance of
dsphalt-concrete pavements. Specifically, the
prolect will develop guidelines for the mix and
structural design and construction of CRM-asphalt
pavements. Guidance will also be provided for the
production control and quality assurance of CRM
mixes. The project will also establish the long-term
performance of CRM pavements and determine
their recyclability.

If the Intermodal Surface Transportation Efficiency
Act (ISTEA) mandate is implemented in October
1995, all State highway agencies must use

15 percent crumb-rubber-modified hot mix asphalt
(CRM-HMA). At present, very few SHA’s approach
this level of utilization. The States that presently
satisfy the ISTEA mandate include Arizona,
California, and Florida. Each of these agencies
has developed, over several years, a CRM
infrastructure (tire recyclers, blenders, and
contractors) that is capable of meeting the
maximum mandate (20 percent utilization).

Chapter 1: Introduction
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Objectives of Report

The purpose of this report is to clearly document
clearly the use of CRM in the States of Arizona,
California, and Florida to allow others to benefit
from their experiences. The report addresses the
following: thickness design, materials/mix design,
construction procedures/costs, quality control/
quality assurance (QC/QA) considerations, and
performance. Also included are a glossary

of terms (appendix A) as well as typical
specifications for the HMA applications used

in these States.

History of Use

The uses of CRM in HMA in the three States has
evolved over the years. The Arizona Department
of Transportation (ADOT)/City of Phoenix initiated
the use of CRM in HMA in the 1970’s using test
sections. While most of these test sections used
the wet process, ADOT placed two sections using
the dry process. Prior to that time, Arizona DOT’s
CRM use had been limited to stress-absorbing
membranes (SAM’s), stress-absorbing membrane
interlayers (SAMI's), and sealants.

More extensive use of CRM in HMA began in
1985 using open- and gap-gradéd mixes. Onlythe
wet process is used now. The opén-graded mixes
have been used in thicknésses legs than 40 mm
(1.6 in) over both asphdli and portiand eament
concrete pavements. The gap-graded mixes
thicknesge@iless than 60 mm (2.4 in) are primarily
used over asphaliteencrete pavements. The CRM
in both mix types provides,thickeriiims of binder
and reportedly impiGves the durability and
cracking resistance.

California has experimented with both wet and dry
CRM processes for hot mixes since the 1970’s.
Currently, they primarily use the wet process in a
gap-graded mix. In some instances (mountain
passes), they have used a dense-graded wet
process. They no longer utilize the dry process
because of erratic pavement pEfformance with
these systems.

Florida Department of Transpériation (Florida
DOT) initiated the CRM-HMA work in 1988-1989.
Their interest was sparked by State legisiative
interest. They primarilymse CRM (5 percehil by
weight of binder) ifi dense-graded Hetion courses
of 25 mm (1 in) thickness 10 imgrove the
resistance te shoving/futiing, particularly at
intersections. On their freeways, they use a thin
15 mm (0.6 ) open-graded friction course
(containing 12 percent CRM by weight of binder)
to improvesthe durability. Florida has developed a
wet process thdl provides for the introduction of
very fine rubber into the hot asphalt cement. The
dry proeess is not used by Florida DOT.

Limitations

The agency practices documented here have been
developed specifically for use in the States of
Arizona, California, and Florida. The information
contained in this report was obtained through
interviews with agency and industry personnel in
each State. Currently, all three agencies use the
“wet” process exclusively. Much of this technology
appears to be transferable to other public
agencies in the United States.

1-2
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There is significant variation in the use of CRM-
HMA in the United States. As pointed out earlier,
the three States selected for inclusion in this early
technology transfer document have substantial
experience with CRM materials, particularly the
wet process. The bulk of this experience was
gained through the use of CRM mixes in func-
tional and structural overlays of existing HMA
and, to a lesser degree, portland cement concrete
(PCC) pavements. CRM-HMA has been used in
new pavement construction in these States mainly
as a wearing course. With these limitations in
mind, the design procedures described here
necessarily reflect the experience ofthese Stales,
and may not be appropriate for designs of
pavements utilizing dry process CRM mixes and
for other environmental regions in theghlnited
States.

Typical Applications

Arizona, Galifornia, and Florigla typically use CRM
mixes in funclional and some structural overlays
of existing pavemenisiklorida uses mixes
containing'CRBM asdhe surfage,friction course in
new construgtion@s well as rehabilitation. For
purposes of this document, functional overlays are
distinguished ftom structural overlays based on
thickness and purpose.

Functional surfaces or resurfacings are generally
less than 40 mm (1.6 in) thick and have as their
main purposes the improvement of ride quality,
skid resistance, or prevention of pavement
deterioration. All overlays placed in California are

ickness Design
onsiderations

expected to satisfy ride quality, structural
adequacy, and reflection cragk control for a
10-year design period, Thirty-mm, (1.2-in) overlays
are placed underdhe Capital Preveniative
Maintenance prégram antl must satisfy a 5-year
design. When ride quality is poor, California
Departmefit of Transportation (CALTRANS) uses
a two-pass'@peration censisling of a 30-mm (1.2-
in) cold planeg foliowed by a 30-mm (1.2-in) inlay.

In contrast, Siructural overlays are generally
gréater than 40°mim (1.6 in) thick and increase the
load-€arrying capacity of the roadway, normally in
anticipatien of increasing future traffic or to extend
the life of the pavement. Only California makes
use of CRM-HMA as a structural overlay.

New Construction

CRM materials have been used in new
construction to a limited degree in all three States.
Florida and Arizona use the American Association
of State Highway and Transportation Officials
(AASHTO) methodology (1972 and 1986,
respectively) for their new pavement designs.

if CRM materials are to be used in the new
design, the mixes are assigned the same layer
equivalency as a comparable nonmodified mix
except as noted below. Typically, the CRM
materials are used only in the wearing course.

CALTRANS has drafted a suggested modification
to their new pavement design procedure that
allows a slight reduction in the overall structural
thickness when CRM mixes are used as the
surface course.

Chapter 2: Thickness Design Considerations
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This modification is based on preliminary
performance experience and results from early
experimental lab tests. Long-term performance
tests have not been considered. This preliminary
design procedure is described below.

Functional and
Structural Overlays

Florida has several years’ experience with CRM
as the final wearing courses. Florida DOT uses
crumb rubber in three products: membrane
interlayers (not discussed further), open-graded,
and dense-graded friction courses. Open-graded
friction courses (OGFC’s) are required on all
multilane facilities with design speeds equal to

or greater than 73 km/h (50 mi/h). No structural
value is typically assigned to the OGFC. Dense-
graded friction courses (DGFC’s) are used where
an OGFC is not required, such as in urban areas
with average daily traffic (ADT) in excess of 3,000.

Of the agencies included in this study, agencies
in Arizona have the longest history with CRM
materials, dating back to the mid-1960’s. Much of
the early experience was with stress-absoring
membranes (SAM’s) and stress-absering
membrane interlayers (SAMI's) when from 197410
1989, about 1,125 km (700 mi) Bf State highw@ays
were constructed using these materials. Asphalt
rubber continues to be used in refatively thing
functional overlays of &xisting AC pavements. For
example, the city of PhoeniX\places a gap-graded,
wet proess mingin thicknessesiof approximately
30 mm (1.2\in) as parhef a routinépreventive
maintenance prograi, The thickness design is
based on experiefice and probably cannot be
transferred to other agencies, due in part to the
unique environmental conditions in Phoenix.

Arizona DOT uses asphalt-rubber mixes to reduce
reflection cracking, improve surface course
durability, and reduce noise in urban areas.
Typical lift thicknesses for open-graded mixes are
12 to 25 mm (1/2 to 1 in) and 25 to 50 mm (1 to

2 in) for gap-graded mixes. The OGFC mixes are
considered a functional overlay used to improve

safety, aesthetics, and ride. The gap-graded
mixes are used on low volume, badly cracked
pavements; however, they have also been used
on the interstate highways.

Design Methodologies

All three agencies base funciional overlay
thicknesses on agency expérience. Two @l the
three agencies (Arizona and Florida) studied use
older versions of the AASHTO overlay design
procedures?to détermine the thickness of
structural overlays. Califériia has modified their
structural design appibaches for overlays and
new consfiuetion'io accommeadate CRM mixes.
Following ate detalis ofeach State’s procedure:

Arizona

The,city of Phoenix uses CRM materials in
30-mim, (1.2-in) functional overlays without a
docurnented design procedure. Arizona DOT
toes not'have a documented procedure for
thickness substitution of gap-graded CRM
materials for nonmodified dense-graded mixes.
Reduction in thickness is based primarily on
engineering judgment. A typical substitution would
be 37 mm (1.5 in) gap-graded CRM material for
64 mm (2.5 in) of nonmodified dense-graded mix.
The selection of asphalt rubber over conventional
mixes is based on pavement management
system (PMS)-derived performance information.
Specifically, CRM mixes have shown better crack
reflection resistance and durability. CRM-HMA
sections have been monitored through the
Arizona PMS for nearly 10 years.

California

California is the only State among the three
included in this report that has made significant
modifications to their structural design procedure
to accommodate CRM materials. The modific-
ations were based on careful observations of a
wide variety of CRM mixes (wet, dry-process with

2-2
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dense-, open-, and gap-graded aggregates) u
placed throughout the State beginning in 1978.%

The implementation of reduced thickness overlays

has been limited to selected applications.

Investigations of CRM projects continue, and

additional modifications to California Department

of Transportation (CALTRANS) design procedures B
may be warranted, based on field performance.

Although the procedure described below for new
construction has not been formally implemented

by CALTRANS, both rehabilitation and new

pavements are considered. CALTRANS is cur- n
rently conducting extensive laboratory and field

testing. The early field-testing program makes use

of accelerated pavement testing using the South

African Heavy Vehicle Simulator (HVS). u

California is working on a design procedure based

on their standard methodology that would allow

partial substitution of CRM mixes for conventional

HMA as the wearing course in new construction.

A draft of this procedure is shown graphically in

figure 1. The draft procedure would allow

substitution of up to 60 mm (2.4 in) of CRM

material in place of a conventional dense-graded

asphalt concrete (DGAC). [ ]

As an example, consider a pavemént with a Traffic
Index (TI) of 11. The design that does not include
CRM would require about 182.mm (7.2 in) of [ |
DGAC over class 2 aggredate base, As an
alternative, 60 mm (2.4 i9) 6f CRM mixcould be
placed over 75 mm (3 in) of DGAC over the same
aggregaté basépsaving approximately 45 mm

(1.8 in) of mix. (l'mushbe noted that this
methodology.is subject 1o ehange and does
not constituté an dccepted CALTRANS design
standard.)

The structural design of overlays is based on

several assumptions’ as well as field observations.

These assumptions were first described in a

memo prepared in March 1992 and reviewed in [ ]
October 1993. The assumptions follow in figure 1

on page 2-4 so that other agencies may judge the
appropriateness of the CALTRANS procedure to

their circumstances. The assumptions(s) include

the following:

The most promising form of CRM is asphali-
rubber hot mix-gap graded (ARHM-GG).
Additional work with dense-graded asphalt-
rubber mixes and dry process mixes is being
undertaken to confirm this assumption.

ARHM-GG is recyclable. GARTRANS
successfully recycled CRM-HMA,in 1994
and is considering recycling.additional jobs
in 1995.

Cracking in overlays is cauged by a
combination of traffieleads and movement
of the underlyifig pavement.

Even thinner layer§ of asphalt rubber

hot mix-gap graded (ARHM-GG) may

be appropriate but, 16 limit risk, higher
eguivalengiés should be considerad
experimental, Furthermore, construction
consideratiens, such as heat retention and
surface irregularities in the surface being
covered, limit the minimum thickness of
ARHM-GG to 30 mm (1.2 in).

ARHM-GG may be little or no better than
conventional dense-graded AC in preventing
cold-weather-induced transverse cracking.

The degree of stiffening provided by a
specific thickness of ARHM-GG is less than
the amount of stiffening provided by the
same thickness of DGAC. Thus, the after-
overlay ratio of tolerable deflection:actual
deflection for ARHM-GG may become less
favorable when the ARHM-GG thickness is
greater than 60 mm (2.4 in).

ARHM-GG can withstand considerably higher
deflection than the same thickness of DGAC
without cracking.

The mild climate structural equivalency of
ARHM-GG for nonexperimental work is less
than or equal to twice that of DGAC. Some
recent performance observations may allow
the elimination of the “mild climate” from this
assumption.

Chapter 2: Thickness Design Considerations
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FIGURE 1
Preliminary Guidelines for New Construction Using Combinations of AC and
Rubber-Modified AC Over Class 2 Aggregate Bases

The mild ciimate structural équivalency(©f a
SAMI is <15 mm (0.8 in) of ARHM-GG (i€,
<30 mm [1.2 in] of DGAC; asSuming that the
SAMI reduces that portion of the total overlay
stréés,caused by reflégtion of underlying
cracks/joint8), Again, recent performance
obseénations may allow the elimination of the
“mild elimate™ from this assumption.

The refléction crack retardation equivalency
of ARHM:GG is considerably greater than
that of DGADC.

The reflection crack retardation equivalency
of a SAMI is 30 mm (1.2 in) of ARHM-GG
when used in conjunction with ARHM-GG,
and equivalent to 30 mm (1.2 in) DGAC
when used with a DGAC over an untreated
aggregate base.

There may be stability problems if ARHM-GG
is placed thicker than 60 mm (2.4 in), even if
multiple lifts are used.

California’s overlay design procedure consists of
the following basic steps:

Determine the thickness of conventional
DGAC required for the structural needs of
the existing pavement (based on deflections
and structural section stiffening using current
CALTRANS procedures).

Determine the thickness of conventional
DGAC required to improve ride quality and
retard reflection cracking (using current
CALTRANS procedure).

Select a DGAC overlay thickness that
satisfies the requirements of 1 and 2 above.

Chapter 2: Thickness Design Considerations



‘4, Use either table 1 or table 2 to determine the
ARHM-GG equivalent sections, with and/or
without SAMI’s. Use table 1 if structural
needs control and table 2 if reflection crack
retardation controls.

5. If the ride score of the pavement to be
rehabilitated is greater than or equal to the
allowable ride score of 45 and there is no

structural need per 1 above, use the following

strateqy, if reflective cracking per 2 above is
satisfied:

a) Place one 60-mm-thick (2.4-in) lift of
ARHM-GG; or

b) Cold plane to a depth of 30 mm (1.2 in),
then place ARHM-GG as determined in
steps 1 through 4 to satisfy a two-pass
operation.

Florida

The bulk of the CRM mixes placed in_Florida arfé
the final surface and are placed to assure thé
friction characteristics of the roadway. DGFC's
are specified at 25 mm (1 in) and OGFC's are
specified at 15 mm (0.6 in). The AAGHTO (1972)
procedure is used with the DGF layer receiving
an assigned structural equivalency (a-value)

of 0.22. This value is one-half that of their
nonmodified dense-graded AC (e.g., 8.44). Their
CRM DGFC is essentially the same as their

nonmodified dense-graded mix, except for the
CRM material and the use of polish-resistant
aggregate.

TABLE 1

California Structural Equivalencies
(in mm) (From CALTRANS memorandum dated
February 28, 1992)

NOTES

1.

2.

The maximum allowable nonexperimental equivalency
for ARHM-GG is 2:1.

The minimum allowable ARHM-GG lift thickness is 30
mm (1.2 in).

Place 45 mm (1.8 in) of new DGAC first.
Place 60 mm (2.4 in) of new DGAC first,

ARHM-GG may not prevent cold-weather-induced
transverse cracks. ARHM-DG is used in lieu of ARHM-
GG in areas subject to snow chain wear.

Chapter 2: Thickness Design Considerations
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TABLE 2 experience is available on the use of CRM mixes

Reflection Crack Retardation in new construction except as applied in wearing
Equivalencies (in mm]) (From CALTRANS courses. California has drafted a trial modification
memorandum dated February 28, 1992) to their pavement design procedure for new

construction that would allow partial substitution
of CRM.

Functional Overlays

Thin lift wearing courses aré a common use of
CRM material, particularly in Arizona and Flarida.
These would be considered{unctional overlays.
Structural designgper seis not used,far this
type of overlay/lnstead, he agencies rely on
experience to determifie the {ayer thickness.

NOTES ) .
1. The minimum allowable ARHM-GG lift thickness is 30 Florida agl AriAggggtive hagggood perform.ances
mm (1.2 in). from both'dense-and opendgraded CRM mixes.
2. A DGAC thickness of 105 mm (4.2 in) is the maxirum
thickness recommended by CALTRANS for reflection Structural Overlays
crack retardation.
3. Use 45 mm (1.8 in) if the crack width is <3 mm (1/8 in) Structural ovellays (>40 mm [1.6 in]) have been

and 60 mm (2.4 in) if the crack width is 23 mm (1/8 in).

) o ) plaged most commonly in Arizona and California.
4. Use if the crack width is =3 mm (1/8 in). If <3 mm (/8

in), use another strategy. Arizona currently uses up to 65 mm (2.6 in) of
5.  ARHM-GG may not prevent cold-weather<induced gap-graded CRM mix on badly cracked, low
transverse cracks. ARHM-DG is used in liet:0f ARHM- volume roads and on interstate highways. Only
GG in areas subject to snow chain wear. California has made significant changes to their
design procedures to accommodate CRM.
Although often reported as a simple substitution
summary of 25 mm (1 in) of CRM for 50 mm (2 in) of
conventional mix, as shown before in tabie 2,
the maximum allowable substitution rate is 1:2 for

New Construction ' overlay construction after considering pavement

age, condition, etc. Reduced overlay thickness is
CRM materials are. routinely and successfully based on thickness requirements, applications,
used by each of the thiee States. Only limited and engineering experience.
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aterial_s and

Each agency has employed slightly different
CRM technologies in HMA. Though Arizona and
California use similar suppliers of CRM and
asphalt rubber, there are differences in the
CRM composition size and gradation. Florida
experimented with one of the Arizona tech-
nologies, then made modifications that

include smaller rubber particle size, lower
amounts of rubber, and lower blending
temperatures.

This chapter briefly describes the materials and
mix design procedures. Additionally, it @lso
summarizes accepted procedures used i the
States by local agencies.

Materials

Crumb Rubber Modifier (CRM)

Tire rubbéfpthe principal compenent of CRM, is
primarily'a composite of natural fubber, synthetic
rubber, and carbon blackaHistorically, passenger
tires contained approximately 20 percent natural
and 26 percent synthetic rubber, whereas truck
tires contained approximately 33 percent natural
and 21 percent Synthetic rubber.® Industry
sources today indicate that passenger car tires
typically contain approximately 16 percent natural
and 31 percent synthetic rubber, whereas truck
tires contain approximately 31 percent natural and
16 percent synthetic rubber.” Other sources of
raw material for CRM include peel from over-the-
road vehicles and buffings (a by-product of the
retreading process).

Raw material may be delivered to the processing
plant as whole, cut, or,shredded fires or builing
waste; the form depends an the capabilities of the
processing plant/ Whole fites reguire the least
amount of prepracassing but aré bulky and limit
shipping cdpacity. Tifes that have been minimally
processed—iypically cubysplit, or sectioned—
improve handling and shipping. Shredded tire
rulbberapproximately 150 mm (6 in) square is the
preferred forfm ol raw material for producing CRM.
Buffing waste, because of its small size and
generally high quality, is typically diverted to other
rubber manufacturing processes. The quality of
the raw material is a critical factor in producing a
“quality” CRM and is inevitably the responsibility of
the CRM processor.

Although there are several methods for processing
scrap tires, the primary goal of each is to reduce
the size and separate the steel belting and fiber
reinforcing from the rubber. Processing scrap tires
into CRM may generally be divided into two
general categories: ambient grinding/granulating
and cryogenic grinding.

As the name implies, ambient grinding/granulating
involves tearing and shearing at room tempera-
ture. The ambient process consists of a series of
crackermills or granulators, screeners, conveyors,
and various types of magnets to remove steel as
necessary. A schematic of a typical crackermill
grinding system is shown in figure 2. The
crackermill process is currently the most common
and productive method of producing CRM. The
end product is usually an irregularly shaped
particle with a large surface area, varying in size
from 4.75 mm (.187 in) to 0.425 mm (0.017 in)
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| FIGURE 2 (i.e., the No. 4 to No. 10 sieve). These particles
Basic Ambient Tire Grinding Process are typically referred to as ground CRM. The

| granulator produces a cubical, more uniformly
shaped particle with lower surface area over a
range of sizes, usually from 9.5 mm to 2 mm
(i.e., 3/8 in to No. 10 sieve), called granulated
CRM. Micro-miliing, also an ambient and
sometimes slurry process, yiglds finely ground
particles ranging in size from 4285 io 75 microns
(i.e., No. 40 to No. 200 sieve) &2

Cryogenic grinding (or separation) is accom-
plished at extremely low tefiperatures (+8%°C to
—198°C [—125°F 1o 825°F ) byhsubmersing the
scrap tire rubbef in liquid nitrogen."Below the
glass transition tempei@iure {& —62°C [= —80°F])
the rubbenis very bfittie and easily fractured in a
hammer mill to the desired &ize. Reportedly, the
surface is glasslike,"and thus has a much lower
siirface area than ambiently ground CRM of
similar gradation. A schematic of the basic
eryogenic ganding process appears in figure 3.9

FIGURE 3
Basic Cryogenic Grinding System
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Specifying CRM may be done in terms of physical
and/or chemical properties. The most commonly
specified properties include the following:
size/gradation, specific gravity, steel and fiber
contents, acetone extract, ash, carbon black,
rubber hydrocarbon, and natural rubber content.
There may also be an upper limit set for moisture
content to prevent problems when mixing the
CRM at elevated temperatures routinely
encountered at a hot-mix plant. A list of CRM
producers/blenders used in the three States is
shown in appendixes B and C.

Asphalt and CRM Interaction

When CRM is added to asphalt cement at
elevated temperatures, the rubber particles tend to
swell. The extent and rate of swelling is
dependent on a number of factors: chemical and
physical properties of the asphalt cement and
CRM; mixing conditions such as time,
temperature, and degree of agitation; and
additives. As the rubber particles swell, the
interparticle distance between them is‘téduced,
which results in an increase in viscosity of the
CRM-asphalt blend. Preferential absorption of
asphalt components by the rubber alsegentribuiés
to the swelling. Asphalt cement isd€omposed of a
variety of petroleum fractions typieally classifiethas
asphaltenes, resins, cyclicsgand &aturates. The
quantity of the fractions vafies widelywith crude
source and refining process, Laboratory test data
suggest that rubber is more likely to absorb the
cyclic fraction than the asphaliene fraction.
Therefore, Ih materiabselection, ¢ompatibility of
the asphalt eement and CRNhis a key
consideration.

Many CRM charéacteristics affect the interaction
with asphalt cemént. They include the following:
CRM size, gradation, quantity, surface area, and
chemical composition; and contaminants such as
water, fiber, mineral, and metal. Generally, as
rubber content increases, the viscosity of the
asphalt-rubber blend increases. Finer size CRM

materials tend to “react” more quickly and produce
higher viscosities than do CRM with larger particle
sizes because of increased surface area. The
major CRM compositional effect on asphalt-rubber
physical properties is attributed to the total rubber
hydrocarbon content and natural rubber content.
Asphalt-rubber blends with high total rubber
hydrocarbon tend to make the matéfial more
ductile because of the high naturalwibber content.
Preliminary research at Westetn Research
Institute (WRI) suggests that @sphalt crude source
is the most important variable @ffecting physical
properties of the asphali®fubberBlénd. "™

Contaminants may affectfprocessing and/or
physical properties of dhe blend. Excessive
moisture causes foaming and4nay lead to
overflow of production or storage vessels. Fiber
cont@minants ténd to increase viscosity, softening
point, and resilience, and decrease penetration
and ductility. Metal contaminants tend to
accelerate wear on pumps and other construction
applicatien equipment.

Exiénder oils may be added to asphalt-rubber
blends to soften the asphalt and decrease the low
temperature stiffness of the blend. The primary
purpose of the addition of an extender oil is to
minimize the absorption of the lighter asphalt
fractions by the CRM. Generally, aromatic or
naphthanic oils are specified.

Design Methodologies—
DOT’s

As mentioned earlier, an interview form that
addressed critical issues affecting mix design
was sent to State Highway Agency (SHA)
personnel prior to the visits. Of particular interest
were the following: type of CRM technology used;
CRM source, composition, size, gradation and
specification(s); and mix design procedures

and criteria.
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The general state-of-the-use of CRM for hot mix
asphalt concrete in these three States may be
summatized as follows:

Currently, all three States use the “wet”
process exclusively, and do so with open-,
dense-, and/or gap-graded mixes. California
terminated use of the “dry” process
technology in 1992 because of erratic
performance of the product and poor
technical support from those marketing the
technology.

Maximum size of the CRM particles used in
these “wet” process applications ranges from
2.36 mm to 0.18 mm (i.e., passing the No. 8
sieve to passing the No. 80 sieve).

Ambiently ground CRM is much more widely
used than is cryogenically ground CRM. One
CRM supplier in California cryogenically
separates the rubber from the steel, then
grinds the material at ambient temperature.”

Specifying the CRM is based primarily

on gradation, although the Califomnia

and Florida specifications do includésome
chemical properties as well as requiréments
for a minimum percentage of natural rubber.
Rarely, however, do any ofdhe States or
CRM suppliers conduct tests to verify the
CRM properties, physical @r.chemical.

Only California spetifies the useof exiender
oils.

Laboratery preparation ofasphalt rubber
binders Is‘reasenably consistent from State to
State, as all reportediyblend at higher
temperaturds (~150°C1o 175°C [~300°F to
350°F]) for 10 to 45 minutes to ensure
adequalg reaction of the CRM and asphalt
cement. Fukthermore, all the States use a
minimum value or range of viscosity as a
means of quality control. There is not,
however, widespread agreement as to the
need for agitation (i.e., initial, continuous, or

intermittent) during laboratory blending or the
length of time beyond which the material is
unsuitable for use.

In terms of mix design, two general
approaches have been taken to select a total
binder content for CRM mixes. Both Arizona
and Florida, which use thg Marshall method,
adjust the unmodified mix binder content by
formula or some preselectetipereentage, or
select the CRM binder £ontent that
corresponds to a higher air void content (e.g.,
5 percent air voids). Arizona typically uses

20 percent CENM(Bmweight of asphall
cement) forBoth open- and gap-graded
mixes. Flofida useé CRMmixes for both
dense: and opefi-graded friction courses. The
rubber contenis.are 5 and 12 percent (by
weight 0f asphalt eement) for the dense- and
open-graded mixes, respectively.

Depeneling kpon binder type, California
uses 1410 23 percent CRM in dense-, gap-
and open-graded mixes. Using the Hveem
method of mix design, California currently
selects total binder content of CRM mixes
at 3 to 4 percent air voids, depending on
climate and traffic.

Application of conventional mix design criteria
varies from State to State. For its gap-graded
mixes, Arizona has no minimum Marshall
stability requirement. If the mix has low
stability, engineering judgment is used to
make appropriate changes in the job mix
formula. Florida has a minimum Marshall
stability requirement of 6.67 kN (1,500 Ib) for
its dense-graded mixes. There are additional
criteria for Marshall flow, air void content, and
voids in the mineral and effective asphalt
content. Although California uses the Hveem
method mix design for its conventional mixes,
it does not specify a minimum stabilometer
value.

Note: Detailed specifications are given in appendix D.

* It should be noted that early potential applications did not permit the use of cryogenically ground CRM.
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Arizona

The Arizona SHA makes exclusive use of the
“wet” process for both open- and gap-graded
mixes where the maximum size of the CRM is

2.0 mm (passing the No. 10 sieve). For both the
open- and gap-graded mixes, 20 percent CRM (by
weight of asphalt cement) is blended with an AC-
10. CRM is specified by gradation only and no
extender oil is specified. The asphalt-rubber blend
is evaluated in terms of viscosity, cone penetra-
tion, softening point, and resilience (ASTM D-297
test methods). Typical binder contents (by total
weight of mix) for the open- and gap-graded
mixes are 9 to 10 and 6.5 to 8.5 percent,
respectively. Binder content for the gap-graded
mixes is selected at 5 percent air voids. For the
open-graded mix, binder content is selected
based on the following formula:

_2.620
Binder content = | .38(ABS) ~ 0.4 + 9.0 Gsb

bulk specific gravify, of
aggregate blend, and

where:  Ggp

il

ABS

{]

water absorption of
aggregate blend.

If Marshall stability of the gap-graded mix is less
than 4.45 kN (1,000 Ib), th& job-mboformula is
adjusted by reducing thé binder conténtor.afiding
an admixture such as hydrated lime or Type li
portland £é8ment. More detallégl information on
Arizona SHA'S Usesof CRM techinielogy is shown in
tablie 3 on page 3-6.

California

Like Arizona, CALTRANS uses the “wet” process
exclusively for open-, dense-, and gap-graded
mixes. Most of the CRM-HMA applications,
however, use the gap-graded mix. Because of
poor performance and inadequate technical
support, the State no longer uses the “dry”
process. The 2.36 mm (passing the No. 8 sieve)
CRM that CALTRANS requires is typically
supplied by Atlos, Baker, and BAS Recycling, Inc.

(see appendix B). Unlike Arizona, CALTRANS
specifies the CRM in terms of gradation,
production process, specific gravity, and rubber
content. CRM content depends on binder type:
Type 1 binder uses 14 to 20 percent CRM by
weight of binder; while type 2 binder uses 17 fo
23 percent CRM by weight of hinder, with 2 to

6 percent extender oil by weight of binder
permitted. The asphalt-rubber blend is specified in
terms of viscosity. Base asphali'cements used,
regardiess of mix types, are AR-1000, AR-2000,
and AR-4000. Typical binder contents (by Weight
of dry aggregate) for the gap-; dense-, and open-
graded mixes are 8¢6.5, ahd 7.2 pércent. Mix
design for the gap- and defise-graded mixes is
generally conducied in dccordé@nce with the
Hveem progedure with modifications. For gap-
graded mixes, the Binder content is selected at

3 to 4 percent air voidsin Kot climates and

3 péreent in mountain climates; and there is no
requirementforia minimum Hveem stabilometer
value. For CRM open-graded mixes, the binder
content is 1.25 X binder content of the unmodified
mix. Moke detailed information on CALTRANS use
of CRM{eehnology is shown in table 4.

Florida

The State of Florida uses “wet” process CRM
technology for both open- and dense-graded
friction courses. For dense-graded mixes, the
nominal maximum size of the CRM is 0.18 mm
(passing the No. 80 sieve); for open-graded
friction courses, the nominal maximum size is
either 0.425 mm or 0.18 mm (passing the No.
40 or No. 80 sieve). Typical CRM content is

5 percent and 12 percent (by weight of asphalt
cement) for the dense- and open-graded mixes,
respectively. An AC-30 is used for both open- and
dense-graded mixes. Florida requires that final
processing of the CRM be ambient grinding.
Additionally, the CRM is specified in terms of
specific gravity, moisture content, metal
contaminants, acetone extract, hydrocarbon
content, ash content, carbon black, and natura!
rubber content. Specifications for the asphait-
rubber blend include blending time, temperature,
and minimum viscosity. Typical binder contents
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TABLE 3 TABLE 4
Arizona SHA CRM Technology California SHA CRM Technology
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(by total weight of mix) are 7.1 and 6.5 percent for
the open- and dense-graded mixes, respectively.
For dense-graded mixes, a minimum Marshall
stability of 6.67 kN (1,500 Ib) is required, as is flow
in the range of 0.031 cm to 0.055 cm (8 to 14
[0.01 in]). Additional criteria include the following:
minimum voids in the mineral aggregate (VMA) of
15.5 percent; air void content of 4 to 6 percent;
and minimum effective asphalt content of 5.5
percent. More detailed information on Florida’s use
of CRM technology is shown in table 5.

A side-by-side summary of the individual SHA
approaches to CRM mix design is shown in
table 6.

Design Methodologies—
Local Agencies

In addition to discussions with SHA personnel in
Arizona, California, and Florida, major contractors
and material suppliers in these States were also
visited to obtain the industry perspefiive on CRM
technology. Personnel from the larger Citiés and
counties in these three States also provided input
that is noteworthy.

Several contractors in Arizona, in¢luding
International Surfacing, Inca(ISI), ENF
Construction, and Westefn Technelogies, provided
tours of their facilities @nd information With regard
to CRM specifications, mix design, and plant
operatigns. The, city of Phoenbaprovided
information, on s spesification 0hasphalt concrete
overlays that require eithefpelymer or rubber
modification. InforfMation provided by these groups
is summarized in appendix E.

Similarly, visits'with blending contractors (e.g.,
Manhole Adjusting and Granite Construction) also
resulted in information on local agency experience
in southern California. The specifications
developed by American Public Works Association

(APWA) for use in southern California are shown
in appendix D and summarized in appendix E.
Type A uses whole scrap tire rubber, while types B
through D allow the use of natural rubber (often
ground-up tennis balls). Type B is the process
used by Manhole Adjusting.

Summary

Based on the interviews with SHA personnel,
producers/suppliers, and paving contractors in
Arizona, California, andyFlorida, €RM mix design
issues may be diided Into two general categories:
CRM technology and spécifications, and mix
design proceduies an criteria. Within the former
there are Specifications for ngt only the CRM, but
also the asphalt-rubbefbiend, which vary in terms
of degree and enforcement.

As noted eatlier in this chapter, all three States
make exclusive use of the “wet” process
techinalogy. This is logical from both historical and
field peffermance perspectives. The wet process
technology was developed by Charles H.
MeDenald, the Sahuaro Petroleum and Asphalt
Co., and the Arizona Refining Co. In California,
exclusive use of the wet process is largely the
result of erratic performance and poor technical
support of the dry process technology. The CRM
used in all three States is primarily ambiently
ground, and the maximum size varies from 2.36
mm to 0.18 mm (No. 8 sieve and No. 80 sieve). All
States specify, at a minimum, the CRM gradation.
California and Florida specify some chemical and
physical properties for the CRM, as well.
Interestingly, however, neither State currently
verifies the CRM properties with any testing in-
house. CRM content varies from a minimum of 5
percent in Florida to a maximum of 23 percent in
California, depending on mix type.* Also, CRM has
been used success-fully with dense-, gap-, and
open-graded mixes. Laboratory preparation and
specification of the asphalt-rubber blend are a bit

*Note that CRM content is expressed as percent by weight of asphalt cement.
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Florida SHA CRM Technology

TABLE 5

ign

Desi

X

Materials and M

Chapter 3

3-8



TABLE 6

ighway CRM Technology

Summary of State H

iZOha

t

open and gap

Ar
wi

t

open and dense

we

5]

[

o ZF
U..
z2
o
g3
Eg
]
==
mmo
Stm
[~
T2
)

2 ofS
so”
L)

%

dense—5%

open—i2

AC-10

yes

ambient

25

16 to 45%
< 26%

for type A)

<10%

0 to 55%
8% (
20 to 40%

4
<

sieve analysis only

not permitted
blend at 150°

not permitted
blend at 175°C

c
F) for

Cto 175°
10 to 15 minutes

F to 350°

300°

(

350°F)

(

for 60 minutes

F) (ARB 5)

minimum 400 cP at 150°C
(300°

-Mm -
©
Q_ o
or®
Qo L~
QONL
O WD w0
- O
4(m7
~
29 573
SED
B-ed
~ £

,000 cP
)

at 150°C (300°F

minimum 1

minimum

)

F

(1258

minimum of 15%

52°C

at 25°C

(77°F)

binder content of

fied mix at 5%

unmodi
air voids

12 x binder content of

1

by

air voids
adjustment from 9%

%o

atb

unmodified mix

formula

ified

not spec
not specified

500 Ib)

1

6.67 kN (1

=

not specified
not specified
not specified

liquid antistrip used on all

surface courses

3-9

ign

Materials and Mix Desi

"

Chapter 3



more uniform as ali States mix at somewhat higher
temperatures (=150°C to 175°C [=300°F to 350°F])
and use'viscosity as a measure of quality control.
Only California requires the use of extender oils.

In terms of mix design, there are similarities as
well. For both CRM dense- and gap-graded mixes,
whether Marshall or Hveem design, binder content
is selected at a particular void content.

For CRM open-graded mixes, binder content,
including CRM, is determined by formula—usually
by increasing the unmodified binder content by
some predetermined factor. Application of mix

design criteria is somewhat less consistent from
State to State. Only Florida has minimum Marshall
stability requirements. California, which uses the
Hveem method, does not specify a minimum
stabilometer value.

Ironically, some cities, countiegpand
producers/suppliers have far maréscomprehensive
specifications for both the raw matenial, for
example CRM, and the asphalt-rubber blend than
do some of the State highway agencies.
Enforcement of these specifications, howeven
varies dramatically.
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Although the construction procedures used by
the various agencies are similar, there are
distinct differences. This chapter discusses

the procedures used in terms of handling the
CRM, the construction process, including plant
operations, placement, and compaction. The
costs for the asphalt-rubber binders and asphalt-
rubber-modified HMA mixes are summarized.

Shipping, Storage,
and Handling of
CRM Materials

The CRM is produced using one of the foilowing
processes or combination of pro€esses: ambient
grinding, ambient granulating, ciyogenic grinding,
or wet grinding. The feed gtock may be buffings,
whole truck or automobile tires and, Inyone gase,
reject tennis balls. The key for the contracior or
agency plirehasing the material is that it meets
the specificationgpbe uniform; be, free of metal,
contain very little Tiber, and be relatively dry.
Uniformity & requiréd becauseif the gradation or
chemical makeup of the rubber changes, it may
change the properties of the resultant asphalt-
rubber binder, ‘€uch as viscosity, softening point,
reaction time, eté. The material must be free of
metal particles because they can, and have,
damaged the contractor’s pumping equipment. An
excessive amount of fibers may cause nozzles to
clog. The material is shipped to the asphalt-rubber
blending operations in either 453-kg to 907-kg
(997-Ib to 1,995-Ib) gaylord boxes, supersacks
(approximately 1 metric ton [2,200 Ibs]), bulk

onstruction
cess/Costs

tanker trucks (similar to cement or lime bulk
trucks), or in bags weighing 11 kg to 27 kg (24 Ib
to 59 Ib). Figure 4 shibws the supersackéiorage
area on a projeci’inn California. After shipment to
the project site, (he rubber must be kept dry
because maisture indhe rubber can cause
foaming of the asphalt. cemeiit. Once the material
is at the project site, it'éan be loaded directly into
a gfimb rubber hopper on the blending equipment
or it can Besblown from the bulk tanker truck into a
sile from which it €an be augured into the asphalt-
rubber blending unit. There have been reported
probléms with the material clumping in the large
containers'such as the gaylord boxes or super-
sacks. Some rubber suppliers (generally at the
request of the asphait-rubber blender) have added
up to 2 to 4 percent calcium carbonate or talc

to the CRM to prevent the CRM from sticking
together and thus to improve its free flow
characteristics.

Construction Process:
Blending

The asphalt cement and the CRM are blended
into a homogeneous asphalt-rubber system,
which is reacted at elevated temperatures. Since
the expiration of the patents on the asphalt-rubber
process, there have been a number of different
processes developed for blending the asphalt
cement and the CRM. The time required 1o
disperse, blend and react, or melt the CRM into
the asphalt cement is dependent on a number of
factors in the chemistry of the asphalt cement and
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FIGURE 4
Photograph of Supersack Storage Yard on California Project

CRM, as well as the particle size anditexture 6i
the rubber and the temperature of the blended
material. The finer the material, the quicker it
will “react.” Basically, for a given weight of CHM,
the reaction time is directly proposibnalio the
diameter squared of the CRM particles. Also,
the reaction time is inversely pfoportional todhe
temperature of the materidl. The reaction timg
will double with every 10°C (18°F) décreasefin
asphali-cement temperature."» Adding CRM to
the asphalt drops the temperature of the asphalt
cement due 10the ambient t€@mperature of the
CRM. Far example, the,addition of 20 percent
CRM material to af asphalt éement at about
204°C (400°F) will cause the combined
temperature'io drop to about 177°C (350°F).

The following paragraphs describe a multitude

of blending systéms that are now being used.
Systems in use that were in the early stages of
development or systems for which information was
not available to the team are not discussed. Any
system used for blending asphalt rubber should
be evaluated for its ability to produce a uniform,
fully “reacted” product.

Arizona

The CRM-HMA pavements built in Arizona require
1700 23 percent of a 600 um (30 mesh) CRM,
and the specifications call for 30 to 60 minutes'’
reaction time after the rubber is blended with the
asphalt cement. Therefore, the equipment
consists of a mixing chamber and a reaction
vessel to hold the material.

FNF Construction in Tempe uses a CRM blending
system manufactured by CEl Enterprises in
Albuquerque, New Mexico. The system consists of
a portable asphalt-rubber mixing system and an
agitation tank that is mounted on a trailer. It uses
a mass flow asphalt-cement meter and a crumb
rubber hopper that is equipped with a load cell.
The load cell provides feedback to the computer
to control the flow rate for the crumb rubber. The
system is computer controlled to provide precise
batch ratios. The computer also provides constant
monitoring. The mixing tank is 1,135 liters (300
gallons) and is equipped with a twin-bladed shaft
driven by a 3-hp vertical mixer. One mixing blade
is positioned at the bottom, and the other blade is
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Chapter 4: Construction Process/Costs



at the middle of the unit. The asphalt cement is’
introduced at 204°C (400°F). During the blending
process the temperature of the blended material
will drop to approximately 177°C (350°F). After
the material is blended it is fed into a double-
compartment, hot-oil-heated tank. The tank has
a 56,781-liter (15,000-gallon) capacity, and each
compartment is 28,390 liters (7,500 gallons). A
turbine mixer is located in each compartment to
keep the crumb rubber in suspension. Each tank
compartment is equipped with independent heat
coils. The asphalt rubber blend is held in the
agitation tank for 45 minutes to an hour prior to
use. This system can produce approximately 25
metric tons (28 tons) of asphalt-rubber binder per
hour, or sufficient binder to allow a contractor to
produce approximately 357 metric tons (400 tons)
of rubber-modified HMA per hour.

International Surfacing Incorporated (ISI) in
Chandler uses a blending system that they
developed based on the original McDonald
process. (See figure 5 on page 4-4 for a
schematic of the system.) With the IShsystemgihe
asphalt cement and CRM are combined and
mixed together in a blender unit and pumped into
an agitated storage/reaction tank, where it Is
reacted for 30 to 60 minutes. It is adbaichprocess,
The amount of CRM is determinéd by weight for
each batch. The temperature of(the asphalt
cement at the time the CRM is added should be
between 190°C (375°F)and 232°C{(450°F). A his
allows for the temperatute drop caused Dy adding
the ambient temperature rubber. The asphalt-
rubber blendiis held at 162°CY{325°F) to 190°C
(375°F) during the reéactien period. The asphalt
rubber may De allowed to coohto between 149°C
(300°F) and 176°C (350°F). After the material has

been reacted for a period of 30 to 60 minutes, the .

asphalt rubber@an be metered into the HMA
mixing facility of pumped into an agitated holding
tank. The material’is blended in 15,142-liter
(4,000-gallon) batches. This system can produce
approximately 15.2 to 31.2 metric tons (17 to

35 tons) of asphalt-rubber per hour, or sufficient
binder to allow a contractor to produce
approximately 226 to 454 metric tons (250 to
500 tons) of rubber-modified HMA per hour.

California

The asphalt-rubber HMA pavements built in
California are similar to those built in Arizona.
They use about 17 to 22 percent 600 um

(30 mesh) CRM and require a reaction time of

30 to 60 minutes. Thus, there ig a cross utilization
of equipment and contractors bétiveen the two
States.

Manhole Adjusting Contractal§, Inc., of Monterey
Park has developed a rubbef blending sysiéin
where the asphali-CRM is geneally blended at
the HMA plant. Thigfprocess. is similartafihe
original Arizona Réfining GO, process. They use a
combination of serap tir€s andnatural rubber
(from groun tenniSialis), ground rubber buffings,
and 1- to 6-percent asphalt niodifier. The modifier
is high resin, high flash"poift, aromatic hydro-
catbhon,or extender oil. The rubber (1 part natural
rubber and8,parts rubber buffings) is fed into a
mixing chamber where it is mixed at 90 gallons
per minute. The mixing process is continuous. The
asphalt eement and modifier are preblended and
are between 190°C and 232°C (375°F and 450°F)
when the CRM is added. The CRM is added using
27-kg (60-1b) bags. The asphalt-rubber mix is fed
into a reaction trailer, where it is held a minimum
of 30 minutes prior to use. After reaction the
asphalt-rubber binder is fed into an agitated
storage tank, where it is held until used. (See
figure 6 for a photograph of the blending system.)
The system produces sufficient asphalt-rubber
binder to produce approximately 2,267 metric tons
(2,500 tons) of HMA per day.

Granite Construction, Inc., of Palm Desert
operates the same system that FNF Construction
in Phoenix does. It is also built by CEIl Industries,
Albuquergue, New Mexico.

Florida

Florida specifications cali for either a 180 um or
425 um (80 mesh or 40 mesh) CRM at 5 and

12 percent concentration rates. With the smaller
material and lower concentrations the “reaction”

Chapter 4: Construction Process/Costs
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FIGURE 5
Schematic of IS Blending System

“ Step 1. Addition
of either :

extender oil or

dilutent (if

Additive | B2 J :
: I either is used).

‘ Asphalt Cement
Supply Tank

Step 2.
Addition of
rubber.

Step 3.
Reaction of
rubber.

Crumb rubber is

metered into system
and pumped directly
to the‘reaction tank.

nk is equipped with
dgitation system at
the bottom of the tank.

AR is then metered
into plant. ;

1 Meter/Pump

To Plant

g Crumb
Rubber

time can be shorter and is generally ‘about

15 minutes. Thus, much of the equipment consists
of a wetting chamber and a mixing chamber from
which the material is pumped intgfa fiolding tank
prior to being used in the HMA/mixing facility,
Anderson-Columbia Construction Co. in Lake City
has established a termin@l-lype operation at/ their
HMA plant site. It is shown schematisaliy in figure
7. The CRM is delivered 1o the plant in"bulk tanker
trucks ahiehthen blown inta One of two 71-metric-
ton (80-tan) siorage silos. The asphalt cement

is metered into a 45,425.liter (12,000-gallon)
blending tank equipped with fwo propellers. The
ground tire rubber (GTR) is then weighed into

the tank, where it is blended for a minimum of

15 minutes at about 171°C (340°F). The blended
asphalt rubber is pumped into 22,712-liter
(6,000-gallon) transport trucks for delivery to an
HMA mixing plant. These trucks are equipped with
heating systems and high viscosity pumps for
circulation.

HEATEC (a Division of Astec industries) has built
a trailer-mounted system. It is used by Martin

Paving in Daytona Beach and by Bitcom in Coral
Springs. The CRM is loaded into a crumb rubber
hopper. (See figure 8 for a schematic.) It can be
loaded from supersacks or from an auger. It is
then augured into a 1,892-liter (500-gallon) prewet
mixing tank. From there, the wetted material is
pumped into another 1,892-litér (500-gallon)
mixing tank for further blending. Meatec also
manufactures a unit with one 3,028 liter (800-
gallon) mixing tank rather thafi Iwo1,892-liter
(500-galion) tanks. From th&se mixing tanks, it is
then pumped into an 11,356-liter (3,000-galion)
mixing tank where it is held untilit is used. The
tanks are verticalWith two mixing pacddies, one
near the bottom and oneear the middle of the
tanks. The asphalt cemient istheated to 204°C to
232°C (400°F to 450°F) prior 10 mixing with the
CRM. Care must be taken 40 make sure the final
temperature of the blend (asphalt cement plus
cfumb, rubber) Is not exceeded.

Blacklidge Emulsions has three different systems,
onelin Mobile, Alabama, one in Guifport,
Missigsippi, and one in Tampa, Florida. The
systemn Tampa consists of two 26,497-liter
(7.800-gallon) tanks that are trailer mounted. The
tank is filled with asphalt cement, and then the
CRM is weighed into the tank from a storage silo
located on scales. The system in Mobile is a
portable rig that was built as a coventure with
Etinourer. This unit is fed from 22.6-kg (50-Ib)
sacks that are dumped into a hopper, and the
CRM is augured into the blending unit.

Rouse Rubber Industries, Inc., of Vicksburg,
Mississippi, has developed a portable blending
and metering unit mounted on a trailer. (See
figure 9 for a photograph of the system and figure
10 for a schematic of the system. Note in the
photo the bag delivery system.) In this system the
rubber is augured into the primary tank, where it is
mixed with an asphalt cement that is supplied at
162°C (325°F). A secondary tank is used to
increase the reaction time for the process. The
primary and secondary tanks are 1,892-liter (500-
gallon) tanks with an active space of about 1,514
liters (400 gallons). The pump from the heat tank
feeds the asphalt cement at a rate of 264 L/min

4-4

Chapter 4: Construction Process/Costs



FIGURE &

djust

-CRM Blending System Used by Manhole A

Photograph of Asphalt

FIGURE 7

System

ing

Biendi

ic of Anderson-Columb

Schemat

j

[T}
=4
-
=t
o
<
w
<

.
=
2
w
[}
=
=]
=

3

(12

Blending

LELS

Nozzle p

ing

Load

4-5

Process/Costs

Construction

Chapter 4




FIGURE 8
S$chematic of HEATEC Crumb Rubber & Asphalt Mixing System

(70 gal/min). The percentdubber I8 controlled By
adjusting the rate of the auger that féeds thé
rubber. The residence time for the asphalt-rubber
blend indhe mixing unit is‘@pproximately

15 minutes.“Théeguipment camproduce

22,704 liters (6,000 galiens) of reéacted asphalt
rubber in 1.5 hourst

Summary

Regardiess of the type of blending operation
used, the plant should be operated in such a
way as to obtain a thorough and uniform mixture
of the materials. This takes care and attention to
details by the asphalt-rubber blender and the
HMA contractor.

When an extended delay (greater than 6 hours)
occurs before the binder can be used after the
reaction has been achieved, the asphalt-rubber
mix is normally allowed to cool to 110°C to 121°C
(225°F to 250°F). It can be reheated slowly prior
to its use to a temperature of between 150°C
(300°F) and 190°C (375°F). It must be thoroughly
mixed before pumping and metering into the
HMA plant. The viscosity of the asphalt-rubber
binder should be checked. If it is out of the
desired range, the asphalt-rubber blend is
adjusted by the addition of asphalt cement and/or
ground tire rubber to provide the proper viscosity.
The effect of extended delays (i.e., prolonged
storage at elevated temperature) on performance
is not well documented. If the asphali-rubber
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blender uses a bin-type feed system for the CRM,
steps must be taken to ensure that the material is
free flowing. As was discussed earlier with regard
to shipping, the rubber can clump and the chunks
can plug up the gates and auger systems used to
feed the mixing operation. Possible remedies
include a vibrator on the bin or an individual who
periodically sticks the material in the bin to keep it
free flowing.

Operation of HMA
Mixing Facility

The operation of the HMA mixing facility for the
construction of wet-processed asphalt-rubber

FIGURE 9
Photograph of Rouse Blending System

“HMA mixes is unchanged from that used for

conventional mixes, with the exception that the:
mix is produced at higher temperatures. The
blending equipment or agitated nurse tanks can
easily be hooked up to both the drum and batch
plants. When a drum plant is used, a two- or
three-way valve is installed in the existing feed line
on the output side of the asphalt pump. The
asphalt-rubber metering equipment I8, then
attached to the valve to feed thef@sphalt-rubber
accurately. When a batch plafit is used, the valve
is installed directly onto the supply line leading to
the weigh bucket. Many times @ separate Supply
line to the weigh busk@t isinstalledh, Sepaliate
pumps are used By the blending contracior to
prevent damage 10 the HMA cahtractor's pumps.
The asphallsrubbénis@enerally more viscous than
the asphalt cement; thus, thege pumps are

Chapter 4: Construction Process/Costs
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FIGURE 10
Schematic of Rouse Blending System

Mixing Blades

7N

generally larger than the standard pimps uséd
on an HMA facility. Also, the pipes and supply
lines need to be of sufficient diameter to allow the
movement of a more viscous fluid. It may be
necessary to employ jacketed an@ healed lines.
There appears to be no problef with the asphalt:
rubber material building up in lines or any
requirements for unusual €leaning,or flushing of
equipment when asphalt-rubber HMAmixes

are produced.

The transportation, of the asphalt-rubber HMA mix
can be accomplished imany truek typically used
for the transportation of conventional HMA.
During the Wisit§, there was no indication of
sticking or other problems associated with the
trucking. Wetling agents for the truck beds should
be either soapy water or silicone emulsions.
Solvent-based wetting agents should not be used.

Placement/Handwork

The handling and placement of the CRM-HMA
mix must be accomplished to minimize

segregation. It should be placed only when the
surface lemperature and weather conditions are
oplimum. Since the material is more viscous
than conventional HMA, the temperature of the
surface on which it is placed should be warm.
Arizona DOT requires that the surface be at
least 26°C (80°F). Even if the surface
temperature requirement is met, it may be
necessary to cease work due io existing or
expected weather conditions that could have an
adverse effect upon the CRM-HMA mix.

The CRM-HMA mix delivered to the screed unit
must be a free flowing, homogeneous mass in
which there is no segregation, crusts, lumps, or
migration of the asphalt rubber. It may be neces-
sary to cover the hauling units with tarpaulins,
and/or dump the material directly into the paver
rather than using pick-up devices. Pick-up
devices have been used; but because of the
temperature sensitivity of the material, they
should be used with caution. One contractor
suggested that the screed unit may need to be
heated periodically to prevent buildup of the mix
on the screed.
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There can be pick-up of the HMA mix when the
roadway is turned over to traffic. This can be
addressed by lightly sanding the mix or by
applying lime water to the surface.

Compaction

The viscosity and amount of asphalt binder in an
HMA mix will affect the compactibility of the mix.
The higher the viscosity of the binder, the stiffer
the mix at a given temperature. Generally, the
binder in an asphalt-rubber mix is stiffer than what
the agency or the contractor is accustomed to.
Asphalt-rubber mixes must be compacted while
they are hot. Compaction is generally not a
problem if the temperature is maintained. The
criticality of the temperature increases as the
rubber content increases. Arizona DOT requires
that the temperature of the rubber-modified HMA
be at least 135°C (275°F) just prior to compaction
and that compaction be completed prior to the
mix temperature reaching 104°C (220°F), A
cautionary note: The presence of CRM may
generate fumes and smoke at typical compaction
temperatures.

The compaction can be accomplished with either
vibratory or steel-wheel rollars. Pheumatic rollers
should not be used, as the rubber-modified binder
can pick up on the pnéumatic wheels,

Costis of CRM Binder/Mix

The price of CRM asphalt cement and HMA
varies from region to region. It will generally
consist of the cost of the CRM material, the
asphalt cement, ‘@nd the costs of blending the
material. As the CRM material is ground finer, the
cost of the CRM will increase; and as the
percentage of CRM in the asphalt cement
increases, the cost of the asphalt-rubber binder
will increase.

A survey of the suppliers of CRM material indicates
that the approximate cost of the CRM at the CRM
supplier’s grinding plant varies with particle size.
Typical costs are shown in table 7. Table 8
presents the typical cost of asphalt cement and
asphalt rubber for each of the surveyed States.
The prices described in table 8%eflect the reduction
in the cost of asphalt-rubber bindensince the
patents expired. In Arizona in 1991 (the year
before the patents expired), the'average bid price
was $400 per metric ton ($448 per ton). Florida

TABLE 7
Approximate Costs ©f the CKM at
the CRM Supplier’s Grinding Plant

i E

TABLE 8

Typical Cost of Asphalt Cement and
Asphalt Rubber in Each of the
Surveyed States

NOTE

1. Asphalt-rubber binder used for chip seals may be
higher than AR binder used for HMA.
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TABLE 9

Cost of the Various Asphalt-Rubber
Mixes Used in Each of the Three
Surveyed States

reports that the cost of blending, etc., by the
asphalt-rubber supplier is approximately $4.50 per
tonne ($5.00 per ton).

Table 9 presents the cost of the various asphait-
rubber mixes used in each of the three surveyed
States.The cost figures presented in table 9 should
be used only as a guide for large guantities of
asphalt-rubber binder. On projects that contain
small amounts of asphalt-rubbér binder{which
reflects many of the projects/Being built), the
prices can, and will, probably be considerably
higher due to the cost of mobilization of the
blending equipmentdAlsopit shouldhbe ndied that
the potential deci@ase in cost of CRM-HMA due
to the use of thinner seglions fi@s not yet been
addressed.

Sommanry

This\chapter presented procedures used to blend
the CAM with the asphalt, as well as mixing and
placemenbprocedures. Also presented are typical
costs for the CRM, the asphalt-rubber binder, and
thedinished mix.
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The purchasing agency (DOT or city or county)
can use its standard HMA acceptance procedures
with a few modifications. The source acceptance
for the asphalt cement and the mineral aggre-
gates will remain the same. Good volumetric
quality control procedures should be followed.
Some modifications will need to be made for the
rubber, the asphalt-rubber binder, and the CRM-
HMA mix.

In all three States surveyed, the purchasing
agencies (cities, counties, or DOT’s),require that
the CRM supplier furnish the engineereertificd
test results covering each shipment of material to
each project. They also require that the certifica-
tion include the manufacturer’s batch oplot
number. Some agencies do vefification testing on
the rubber gradation. They also require that the
supplier furnish the agen@y with Binder formulation
and samples of all theymaterials 1@ Be,used, at
least 15 working days iéfere construction. This
binderd@mmulation shouldiinelude the following:

M The Source and pawing grade of the asphalt
cement.

B The source and grade of any additives to the
asphalt ¢ément; for example, antistripping
agents, exieénder oils, etc.

B The percentages of the asphalt cement and
additives being used by total weight of the
asphalt-rubber blend.

ality Control/Quality
surance (QC/QA)
nsiderations

B The source and grade of CRM.

W The percentdge of CBM By otalveight of
the asphalt-rubberblend.

B Brogdhkfield (ortlaake) viscosity of the
blended materiak

Asphalt Rubber

The production of asphalt rubber should be
closely monitored. In each of the three States
stirveyed, the public agencies (and many of the
contractors in those States) monitor the produc-
tion of the asphalit-rubber blend using a portable
viscometer. (See figure 11 for a photograph of a
portable viscometer in operation in the field.)

For batch-type processes, this test is run on each
batch. In Arizona, and with some contractors in
California, the trend is to run the ring and ball
softening point (AASHTO Test Method T53-89),
and cone penetration and resilience tests (ASTM
Test Method D3407) on the blended asphalt
rubber. The key to running the viscosity tests in
the field is good temperature control during the
tests. A small variation in the temperature could
cause inaccurate test results that may result in
changes in the process that are not required.

Insufficient data exist at this time to be able
to quantify the variation in the test results
from projects.

Chapter 5: Quality Control/Quality Assurance (QC/QA) Considerations
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FIGURE 11
Photograph of Portable Viscometer in Operation

Asphalt-Rubber Cornitent

Arizona and California utilizé a nuglear asphalt
content gauge that hasddeen properly ealibrdied
to monitor and control the asphalt-rubberbinder
content. They.all reported problems with calibra-
tion. The Florida DOT conducted & study to evalu-
ate the use of the extraction test 10 determine the
binder content in an asphaltstubber mix. They
concluded that sifice a percentage of the rubber
passes through the filter (the amount cannot be
determined), the Galculated binder content from
the extraction test is not accurate. Therefore, the
Florida DOT determines asphalt rubber binder
content based on certified meter readings at the
HMA facility.

Aggregate Gradation

Standard extraction procedures (using either
chlorinated or biodegradable solvents) can
be used to determine the gradation of the
aggregate. The Florida DOT found that even
though some rubber particles are left in the
extracted aggregate, their weight contribution
to any particular sieve is small."
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Arizona, California, and Florida all have several
years’ experience with CRM materials. In partic-
ular, Arizona and California placed numerous
CRM-HMA overlays beginning in the late 1970’s.
Many of the early, experimental placements
included SAM or SAMI layers and/or proprietary
products. Florida DOT’s work with CRM mixes
began in 1983. CRM performance from each
State is summarized below. Only performance
history considered relevant to the use of CRM-
HMA and currently available technologies are
included.

Arizona

Arizona, arguably, has the longest@usiained
experience with CRM mixes of any State. Though
many of their older projects used SAM’s or SAMI's
exclusively to mitigate refiéction €racking, these
products were expressly excluded from study in
the current project, which fecuses on traditional
HMA segliens and applicatiohs. Much of the CRM-
HMA performanee,information available is from
projects initiated N thevlate 1980787

Currently, the city of Phoenix uses significant
guantities of\gap-graded CRM mixes in overlays
of residential Sireets. Prior to 1992, the CRM
mixes used a patented asphalt-rubber binder.
During the 1995'Construction season about 26 km
(16 mi) of CRM mix will be placed. Typical overlay
thicknesses are 30 mm. Overall, performance is
reported to be better than conventional mixes.
Recently, some early reflection cracking has been
reported.

Arizona DOT uses both open- and gap-graded
mixes on existing rigid and flexible pavemenis.
Open-graded mix overlays aré generally lggs than
25 mm, whereas theé'gap-graded mixes#re placed
in thicknesses off@bout 50 mm. Since 1989,
approximately 40 projecis havé been placed
using openfgraded ndixes. All aré reported to be

in excellent condition,Of thed16 gap-graded mix
projects placed since 1989, all are performing
safigfactorily. Some bleeding (presumably due to
over-asphalting) and premature reflective cracking
has been reparied on gap-graded mix projects.

California

California has performance history on CRM
materials dating back to 1978. Both wet and dry
process mixes have been placed over existing
flexible and rigid pavements with and without
SAMI's. Evaluation of these projects has led
CALTRANS to use only asphalt-rubber (wet
process) gap-graded and dense-graded mixes
in nonexperimental work. Investigation of other
CRM mix types is continuing; however, this work
is limited.

Performance of dry mixes has been variable with
potholing in some projects. The potholing was
attributed to variation in rubber content. Older,
wet-process mixes sometimes raveled or cracked
prematurely. Some of this distress was associated
with low binder contents, or, in one case, with
overlay placement on an existing pavement that
was too flexible. Rutting and bleeding has been
reported on some newer gap-graded projects. The
cause of these problems is being investigated.

Chapter 6: Performance
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It should be noted that although distresses have
been reported (rutting, bleeding, and raveling),
the majority of projects are performing well.
CALTRANS reports improved durability, reflection
crack control, and resistance to chain wear when
asphalit-rubber hot mixes are used. Side-by-side
performance comparison of thinner CRM and
conventional overlays led CALTRANS to reduce
required overlay thickness when CRM is used, as
described in chapter 2.

Florida

Although Florida first placed CRM material in the
1970’s, the bulk of their performance experience
is limited to projects placed since 1989. Both
open- and dense-graded friction course mixes
are used. To date, performance has been good.

TABLE 10
History of CRM-HMA Projeéls in Arizona, California, and Florida

Beginning in January 1994, all OGFC’s and
DGFC’s require an asphalt-rubber binder. Florida
DOT expects improved durability and better
temperature susceptibility performance from the
CRM mixes.

Summary

Performance of CRM mixes inf these three States
has generally been good overall. California and
Arizona have longer performance records,
particularly with wet process mixes. Occasional
problems have beén reporied as being@tiributed
to mix design problems (ever- or under-
asphalting), lack of coiilractof experience, and use
of newer gocesses! The confinued use of wet
process CHM materials is pérhaps the strongest
indication of their satisiaction with CRM
périommance. (See table 10.)
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This report summarizes the current CRM practices - used for conventional mixes. However, there

in HMA for the States of Arizona, California, and is an additional requirement.for a blending/
Florida. The major items addressed were: reaction vessel’@and some increases in mixing
temperatures.

M Thickness design considerations. Much of
the use of CRM-HMA is as functional B Costs{The incréased cost of the CRM-HMA
overlays. Only California utilizes a layer (compared with Gonventional HMA) ranges
equivalency to reduce the thickness of the from as litlie as 15 percent (in Florida) to
CRM-HMA. : 70+ percent in Arizona, depending on the

. . . mix type:
B Materials. The different agencies generally

use ambiently ground CRM with asphalts that n
will produce an asphalt-rubber binder with &

certain viscosity. Dense-, open-, and,gap-

graded aggregates have been used.

Quality control. This issue is an important
one)The uniformity of the asphalt rubber is
-generally checked using viscosity tests;
however, there is a definite need for

B Mix design considerations. Arigdna and improved procedures to evaluate the binder

Florida have modified the Marshall procedure uniformity as well as the mix properties.
to obtain their mix designs! California h&s
modified the Hveem pficedure. All have B Performance. All agencies feel they are
produced successful mixes. " obtaining an added value. However,
inadequate data are available to quantify
B Construction process. The addition of CRM in these benefits.

HMA makés,use of much of the equipment
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Terms associated with waste tires and crumb
rubber modifier have been defined by the Federal
Highway Administration (FHWA),"» ASTM,
Lagrone,™ and Witczak.“® These terms as
defined by these authors are given below in a
consolidated glossary.

Ambient ground rubber—processing where
scrap tire rubber is ground or processed at or
above ordinary room temperature.

ARCO-ARM-R-SHIELD (Arizona refining
process)—an asphalt-rubber blend pracess that
was developed in 1975. The blend is compoged
of approximately 20 percent rubber (of which

40 percent is devulcanized and 60 percent ground
ambient vulcanized) and 80 percentdR-4000/
8000 with 2 to 4 percent Witco exXtender oil. The
granulated rubber has gradings in which

98 percent pass the No. 16@nesh and 8 percent
pass the No. 100 mesh,, Diluents aréynot used
routinely.

Asphalt rubbér-—asphalt cement modified with
crumb rubber modifien

Asphalt-rubber blend—a biend of ground tire
rubber (generally finely ground No. 16 to No. 25
crumb rubber)'and asphalt cement, which is used
as the “binder” i various types of pavement
construction. It generally consists of 18 to

26 percent ground tire rubber by total weight of
the blend. The blend is formulated at elevated
temperatures to promote the chemical and
physical bonding of the two constituents. Various
petroleum distillates or extender oils may be

added to the blend to reduce Viscosity, inctéase
sprayability, and promote workability. The "blend”
can be used as thediinderin chip Seals Seal-
slurry coats, and flense- or Open-graded asphalt
hot-mix construction. When us@d in this manner,
the aggregafe gradation can generally conform to
typical gradings used with cofiventional asphaltic
concrete mixes, Asphalt<rubber blends can be
pratiiieed directly at the plant site by adding
ground rubber, (18, to 26 percent) to the
appropriate asphalt cement, and applying heat
(190°€. to 218°C [375°F to 425°F]) for 1 to

2 hours. Special equipment in the form of mixing
chambers, reactor and blending tanks, and
oversized pumps are needed. Two types of
cominercially available asphalt-rubber blends are
used frequently: McDonald-Sahuaro (Crafco)
process, and ARCO-ARM-R-SHIELD (Arizona
refining process).

Asphalt-rubber concrete—implies the use of an
asphalt-rubber blend (binder) with dense-graded
aggregates in a hot-mix application.

Asphalt-rubber friction course—impilies the use
of an asphalt-rubber blend (binder) with open-
graded aggregates in a hot-mix application.

Automobile tires—tires with an outside diameter
less than 66 cm (26 in) used on automobiles,
pickups, and light trucks.

Buffing waste—high quality scrap tire rubber
which is a byproduct from the conditioning of tire
carcasses in preparation for retreading.
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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 mm to 425 micron (No. 4 to
No. 40) sieve.

Crumb rubber modifier—a general term for
scrap tire rubber that is reduced in size and is
used as modifier in asphalt paving materials.

Cryogenically ground rubber—process that
freezes the scrap tire rubber and crushes the
rubber to the particle size desired.

Devulcanized rubber—rubber that has been
subjected to treatment by heat, pressure, or the

addition of softening agents after grinding to alter
~ properties of the recycled material.

Diluent—a lighter petroleum product (typically
kerosene) added to asphalt-rubber binder just
before the binder is sprayed on the pavement
surface.

Dry process—any method that mixes the erumb
rubber modifier with the aggregate before the
mixture is charged with asphalt bind&r. This
method applies only to hot-mix @Sphalt production.

Extender oil—an aromati¢'oil used to supplement
the reaction of the asphall and the cfumb rubber
modifier.

Granulated criimb rubber modifier—cubical,
uniformly Shaped,"cut erumb rubber particle with a
low surface area, whichiis génerally produced by
a granulator,

Granulator—process that shears apart the scrap
tire rubber, cutting\the rubber with revolving steel
plates that pass @t close tolerance, reducing the
rubber to particles generally 9.5 mm to 2.0 mm
(3/8 in to No. 10 sieve) in size.

Ground crumb rubber modifier—irregularly
shaped, torn crumb rubber particles with a large
surface area, generally produced by a crackermill.

Micro-mill—process that further reduces a crumb
rubber to a very fine ground particle, reducing the
size of the crumb rubber below 425 microns

(No. 40 sieve).

PlusRide—a patented form of a rubber-modified
asphaltic mix. The product was developed in 1960
in Sweden and patented und&r the name
PlusRide in the United States andhRubit in
Sweden. It uses coarse rubberpatticles (6 mm to
0.6 mm [1/4 in to 1/16 in]) ag rubber-filled
aggregates, generally about 3 percent weight of
mix. The rubber is added directly to a gap-graded
aggregate so that agelatively dense-gradirig
between the aggfégate and rubberis obtained.

Reaction—the interatiion between asphalt
cement and crumb rubber madifier when blended
together. The reaction, more appropriately defined
asgolymer swell, is not a chemical reaction. It is
the absorption Of aromatic oils from the asphalt
cement into the pelymer chains of the crumb
rubber.

Recycléd tire rubber—rubber obtained by
processing used automobile, truck, or bus tires.
(Nate: Solid tires; tires from fork lifts, aircraft, and
earthmoving equipment; other nonautomotive
tires; and nontire rubber sources are excluded.)

Rubber aggregate—crumb rubber modifier added
to hot-mix asphalt mixture using the dry process,
which retains its physical shape and rigidity.

Rubber-modified asphalt concrete—a hot-mix
asphalt-concrete mixture with dense-graded
aggregates using a rubber-modified asphalt.

Rubber-modified friction course—a hot-mix
asphalt mixture with open-graded aggregates
using a rubber-modified asphalt.

Rubber-modified hot-mix asphalt—hot-mix
asphalt mixture that incorporates crumb rubber
modifier primarily as rubber aggregate.

Rubberized asphalt—same meaning as wet
process.
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SAM—the abbreviation for a stress-absorbing
membrane. A SAM is used primarily to mitigate
reflective cracking of an existing distressed
asphaltic or rigid pavement. It comprises an
asphalt-rubber blend sprayed on the existing
pavement surface followed immediately by an
application of a uniform aggregate which is then
rolled and embedded into the binder layer. Its
nominal thickness generally ranges between

6 and 9 mm (1/4 and 3/8 in).

SAMI—the abbreviation for a stress-absorbing
membrane interlayer. The interlayer may be an
asphalt-rubber chip seal, fabric, fine unbound
aggregate, or an open-graded asphalt layer. A
SAMI is a SAM that is applied beneath an asphalt
overlay (which may or may not contain rubber in
the mix).

Shredding—process that reduces scrap tires to
pieces 0.15 m? (6 in?) and smaller.

Stress-absorbing membrane (SAM)—a surface
treatment using an asphalt-rubber spray
application and cover aggregate.

Stress-absorbing membrane interlayer
(SAMI)—a membrane beneath anfoverlay
designed to resist the stress and strain of
reflective cracks and delay the propagation®@f\the
cracks through the new gVérlay. The membrane is
often a spray application of asphalt-mubberdinder
and cover aggregate.

TLS—the abbreviation for thiee-layer system. It
was developed Dy Arizena as a mieans of

restoring the rideability of a badly cracked,
warped, or faulted PCC pavement. The principle is
equally valid for asphalt-concrete pavements. As
currently used, the TLS consists of two thin

(12.5 mm to 19 mm [1/2 in to 3/4 in]) conventional
open-graded friction course layers placed between
a low-modulus SAMI (approximately 9 mm

[3/8 in] thick). The bottom open:graded friction
course layer is placed directly on the existing
pavement and functions, in parigas aleveling
course. Early in the developiment of this,system,
other asphaltic mixes (e.g., dense-graded
asphaltic concrete) were usedin lieu of the open-
graded course.

Tread rubber-—tubberdhat gdnsists primatily of
tread rubber with legs than approximately
5 percent sidewall rubber.

Truck tires—tires with an outside diameter
greaterthan 66.cm (26 in) and less than 152 cm
(60 in); used @n commercial trucks and buses.

Vuléanized rubber—rubber that has been
subjecied to treatment by heat, pressure, or the
addition of softening agents after grinding to alter
pioperties of the recycled material.

Wet process—any method that blends crumb
rubber modifier with the asphalt cement before
incorporating the binder in the asphalt paving
project.

Whole tire rubber—rubber that includes tread
and sidewalls in proportions that approximate the
respective weights in an average tire.
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- Arizona/California

Atlos Rubber, inc.

15622 Fishburn Avenue
Los Angeles, CA 90063
213-266-4570

Baker Rubber Southwest
11400 E. Pecos Road
Queen Creek, AZ 85242
602-987-3006

BAS Recycling Inc.

1400 N. "H" St.

San Bernardino, CA 92405
909-383-7050

M Suppliers for Arizona,
lifornia, and Florida

Florida

American Tire BRécyclersginc.
302 N. Lane Ave.
Jacksonville, FLL 32254
904-786-5200

Réuse Rubber Industries, Inc.
1000 Rubber Way

Vicksburg, M& 38182-0369
601-636-7141
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Arizona

Cox Paving Company, Inc.
P.O. Box 519

Blanco, TX 78606
210-833-4547

FNF Construction

P.O. Box 5005

Tempe, AZ 85280-5005
602-784-2910

International Surfacing, Inc. (1SI)
6751 W. Galveston

Chandler, AZ 85226
602-268-0874

California

FNF Construction

P.O. Box 5005

Tempe, AZ 85280-5005
602-784-2910

Granite Construction Co.
38,000 Monroe St.

Indio, CA 92203
619-775-7500

Manhole Adjusting Contractors, Inc.

P.O. Box 250
Monterey Park, CA 91754
213-725-1387

t of CRM Blenders for
Ar izona, Callforma,

Silvia Construction, Inc.
2209 Arrow Route
Upland, CA 91786
909-949-1127

Florida

Anderson Columbia Co., Inc.
P.Q. Box 1829

Lake City, FL 32056-1829
904-752-7585

Bitcom
3111 University Drive

- Suite 1000

Coral Springs, FL 33065
305-753-6501

Blacklidge Emulsions
P.O. Box 76799
Tampa, FL 33675
813-247-5699

Martin Paving

1801 S. Nova Rd.

South Daytona, FL 32119
904-752-7585
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Arizona Department of Transportation

item 4070040—Asph.
Conc. Friction Course
(Asphalt-Rubber):

Description:

Asphaltic Concrete Friction Course (Asphalt-
Rubber), hereinafter asphaltic concrete, shall
consist of furnishing all materials, mixing at a plant,
hauling, and placing a mixture of aggregate
materiais, mineral admixture if required, and
bituminous material (asphalt-rubber) to form a
pavement course or to be used for other specified
purposes, in accordance with the details shown on
the project plans and the requirements of thes@
specifications, and as directed by the Engineer.

The contractor shall be responsible for all
adjustments to his equipment necessany to
properly accommodate the use® asphalt-rubber
as a bituminous material.

Asphaltic Concrete Mix Design
Criteria:

Mix désignswill be performechin accordance with
Arizona Test Methoeh814, modified as necessary
for Asphaltic Concréete Frigtien Course (Asphalt-
Rubber). The alldowable range of percent absorbed
asphalt-rubber shall be 0-1.0, when tested in
accordance Wwith the applicable section of Arizona
Test Method &15.

Materials:
For comparative purposes, quantities shown in the

bidding schedule have been calculated based on
the following data:

The spread rate &pecified insludes XX percent for
leveling to provide a midimumgl/2-inch thickness;
however, the exact spread raie will be determined
by the Engineer.

Mineral Aggregate Source:

There is 10 Department-furnished source of
miheral aggregate. The contractor shall provide a
source in accordance with the requirements of
Section 1001 of the Standard Specifications.

When the contractor selects a source or sources,
he shall notify the Engineer. The contractor shall
be solely responsible for assuring that the mineral
aggregate meets all requirements and, when
processed, is fully capable of providing asphaltic
concrete which meets all the requirements of these
specifications.

Mineral Aggregate:

Coarse mineral aggregate shall consist of crushed
gravel, crushed rock, or other approved inert
materials with similar characteristics, or a
combination thereof, conforming to the
requirements of these specifications.

Fine mineral aggregate shall be obtained from
crushed gravel or crushed rock. All uncrushed
material passing the No. 4 sieve shall be removed
prior to the crushing, screening, and washing
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operations necessary to produce the specified
gradation. The contractor shall notify the Engineer
a minimum of 48 hours in advance of crushing the
material to be used as mineral aggregate, so all
crushing operations are inspected. Existing
stockpile material which has not been inspected
during crushing will not be permitted for use. Any
material inspected by the Department as crushed
material shall be separated from the contractors
other stockpiles and reserved for use by the
Department.

Mineral aggregate shall be separated into two
stockpiles. The Engineer may approve changes to
the specified stockpile gradations, provided he
determines that a suitable composite gradation is
obtainable. The gradation of each stockpile shall
conform to the requirements in Table 1.

The proportions of mineral aggregate material
from each stockpile necessary to provide a
mixture which is expected to provide a suitable
composite gradation are as follows:

Mineral Aggregate Percent
Coarse 95
Fine 5

TABLE 1
Mineral Aggregate S$tockpile Grading
Limits

NOTE

1. In order to meet this gradation, washing of the
fine material may be required.

The exact percentage of material from each
stockpile will depend upon the actual gradation of
the mineral aggregate in each stockpile and may
vary from the amount indicated. No additional
payment will be made for changes in proportional
use of mineral aggregate stockpiles from the
targets specified.

Mineral aggregate shall conform tc the
requirements in Table 2 when désted'in
accordance with the applicablé test methods.

Tests on aggregates outlined i Table 2, other
than abrasion, shalilbe performed cfpmalerials
furnished for mix/design pdrposes and
composited to theé mix_design gradation. Abrasion
shall be pefiarmed séparately 60 samples from
each source of minerahaggrégate. All sources
shall meet the requirements for abrasion.

Mineral Admixture:

Where, the average elevation of the project is over
3500 feet, an approved mineral admixture will be
reguired. The amount shall be one percent, by
welght of the mineral aggregate and shall be
either portland cement type 1l or hydrated lime,
conforming to the requirementis of Table 3.

TABLE 2
Mineral Aggregate Characteristics

Ty £5g g
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TABLE 3
Mineral Admixtur

Efa

Bituminous Material:

Bituminous material shall be asphalt-rubber
(vulcanized) conforming to the requirements of
Section 1009 of the Standard Specifications,
except for the following:

The rubber shall conform to the following
gradation:

Sieve Size Percent Passing
No. 10 100
No. 16 75-100
No. 30 25-100
No. 50 0-45
No. 100 0-10
No. 200 0-5

The asphalt-rubber shall conform to the {@liowing:

Parameter
Viscosity, Haake, 350°F

Cone Penetration, 77°F
(ASTM D-1191)
Softening Point, °F
(ASTM D-36)

Resilience, 77°F
(ASTM D=3407)

Requirement
1500-4000 centipoise

minimum of 20
125% F minimum

15% minimum

The asphall cemenit shiall Béamodified by the

addition of @ midimum of 20 percent of granulated
rubber, by weight of the asphait, unless ctherwise
approved by the Department's Central Laboratory.

During the proauction of asphalt-rubber, the
contractor shall maintain at the plant site
equipment necessary to measure the viscosity.
The asphalt-rubber shall be maintained between
1500 and 4000 centipoise at 350°F. The viscosity
shall be checked at the direction of the Engineer.

In no case shall the asphalt-rubber be diluted with
extender oil, kerosene, or other solvents. Any
asphalt-rubber so contaminated shall be rejected.

Any kerosene or other solvents used in the
cleaning of equipment shall be purged from the
system prior to any subsequent use of that
equipment.

The asphalt cement and rubbershall be blended
for a period of at least one hfur prior 10 mixing
with the mineral aggregate and mineral admixture;
however, the mixture of asphalt.cement and
rubber shall not behigldhat temperaturesiover
350°F for a perigtl over 10 hours. The
temperature of the asph@it cemient shall be
between 350 and 400°F at the addition of the
granulated rubber, Temperatdre of the asphalt-
rubber shall be mairtained between 325 and
375°F during the one-hour reaction period.

At the end of @ach shift, the contractor shall
provide the Engineer with documentation on the
produstion of asphalt-rubber, which includes the
following:

1. The amount and temperature of the asphalt
cement prior to the addition of rubber.

2. The amount (bags) of rubber added.

3. The viscosity of the asphalt-rubber just prior
to the mixing with the aggregate and mineral
admixture.

4. The time of the rubber additions and viscosity
tests.

Mix Design:

Approximately 200 pounds of produced mineral
aggregate, in proportion to the anticipated percent
usage, shall be obtained by the contractor and
witnessed by the Engineer so that both parties are
satisfied that samples are representative of the
mineral aggregate to be utilized in the asphaltic
concrete production.
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The contractor shall also furnish one full bag (as
packaged by the supplier) of the granulated
rubber proposed for use, one gallon of asphalt
cement from the intended supplier, two gallons of
the proposed mixture of asphalt and rubber, and, if
mineral admixture is required, a one-gallon can of
the mineral admixture to be used in the asphaltic
concrete.

Along with the samples furnished for mix design
testing, the contractor shall submit a letter
explaining in detail his methods of producing
mineral aggregate including wasting, washing,
blending, proportioning, etc., and any special or
limiting conditions he may propose. His letter shall
also state the source(s) of mineral aggregate, the
source of asphalt cement and granulated rubber,
the asphalt-rubber supplier, and, if required, the
source and type of mineral admixture.

Within 10 working days of receipt of all samples
and the contractor’s letter in the Central
Laboratory, the Department will provide the
contractor with the percentage of asphalt-rubberde
be used in the mix, the percentage ¢ be usel
from each of the stockpiles of mineral aggregate,
the composite mineral aggregate gradaticn, and
any special or limiting conditions for the use@f the
mix.

Mix Design Revisions:

The contractor shall nébsignificantly changé his
methods of crushing, scréening, or stockpiling
from thdt used during production of material used
for mix design purpeses withoul approval of the
Engineer, Ok requesting @mew mix design.
Significant'€hanggs may include changes in the
amount or typefof materials rejected or wasted,
changes in the amount of materials crushed, or
reduction in the amount of crushed fines.

During production of asphaltic concrete, the
contractor, on the basis of field test results, may
request a change to the approved mix design. The
Engineer will evaluate the proposed changes and
notify the contractor of his decision within two
working days of the receipt of the request.

If, at any time, unapproved changes are made in
the source of bituminous material, source(s) of
mineral aggregate, or proportional changes in
violation of approved mix design stipulations,
production shall cease until a new mix design is
developed, or the contractor complies with the
approved mix design.

At any time after the mix design has been
approved, the contractor may requésta new mix
design.

The costs associated with the testing of maiesials
in the developing of mix designsafter a niix
design acceptablefio the Départmenihas been
developed shall/B& borng(by the contractor.

If, during graduction, the Engineer on the basis of
testing, detérminesthaba.cfiange in the mix
design is negessary, he will issue a revised mix
désighnShould these changes require revisions to
the contractor’s operations which result in
additional cost@ the contractor, he will be
reimbursed for these costs. However, the
Engineer reserves the right to modify the asphalt-
rubber content without compensation being made
to the contractor involving additional operation
cosls.

Acceptance of Materials:
General:

The contractor’s attention is directed to the
requirements of the Standard Specifications under
Subsection 105.12—Removal of Unacceptable
and Unauthorized Work.

If the production of asphaltic concrete is stopped
either for failure to meet the requirements
specified hereinafter under Asphaltic Concrete, or
because changes are made in the mix design,
samples will be taken for calculating new
consecutive averages either after production
resumes or after the changes in the mix design
have been made. The acceptance of the mineral
aggregate gradation and the bituminous material
content will be determined on the basis of the
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tests as hereinafter specified under Asphaltic
Concrete. The Engineer reserves the right to
increase the frequency of sampling and testing
upon the resumption of asphaltic concrete
production.

Mineral Aggregate:

Aggregate shall be free of deleterious materials,
clay balls, and adhering films or other material
that prevent the thorough coating with the
bituminous material.

At the direction of, and witnessed by an
authorized representative of the Engineer, the
contractor shall secure one representative sample
of each day's production from each stockpile.
These samples will be tested for conformance
with the mineral aggregate gradation in
accordance with the requirements of Arizona Tegt
Method 201. These samples will also be
composited to the specified stockpile percentages
by the Engineer and tested for sand equivalent in
accordance with Arizona Test Method 242, thé
percent of crushed faces in accordancewith the
requirements of Arizona Test Method 2712, and
flakiness index in accordance with the
requirements of Arizona Test Methbd 253.

Should testing indicate results ot meeting the
requirements of Table 1 f@r gradation, and Table 2
for sand equivalent, crushed faces, and flakiness
index, material represented by failing testresults
will be 48iected. '

Asphaltic Concrete:
(A) Mineral Aggregate Gradation:

For each approximate 500 tons of asphaltic
concrete, at least one sample of mineral
aggregate will be taken. Samples will be taken in
accordance with the requirements of Arizona Test
Method 105 on a random basis, by means of a
sampling device which is capable of producing
samples which are representative of the mineral
aggregate. The device, which shall be approved

by the Engineer, shall be furnished by the
contractor. In any shift when the production of
asphaltic concrete is less than 500 tons, at least
one sample will be taken.

Samples will be tested for conformance with the
mix design gradation in accordance with the
requirements of Arizona Test Wethod 201. If
mineral admixture is required, and the sample
does not include mineral admixture, the gradation
results will be adjusted to refléct the addition of
mineral admixture.

The gradation of thesmineral aggregate, ifcluding
mineral admixturé i required) will'be considered 1o
be acceptable, gnless thé average of any three
consecutive tesis or e result 0f any single test
varies from the mix design gradation percentages
as follows:

Acceptable Variation
in Test(s) (Percent)

Passing Avyg. of
Sieve 3 Consecutive Single
No. 4 x4 =6
No. 8 +3 +4
No. 200 +1.0 + 1.5

One hundred percent of the material shall pass
the largest sieve size shown in Table 1.

At any time that test results indicate that the
gradation of the mineral aggregate, including
mineral admixture if required, does not fall within
all of the limits indicated, the production of
asphaltic concrete shall cease immediately and
shall not begin again until a calibration test
indicates that the gradation is within the three
consecutive test limits indicated.

(B) Asphalt-Rubber Content:

During production of asphaltic concrete, the
contractor shall maintain at the plant site a nuclear
asphalt content gauge calibrated in accordance
with the gauge manufacturer’s recommendations,
on the material being tested. Asphalt-rubber
content shall be measured by the contractor by
means of the nuclear asphalt content gauge a
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minimum of four times per full shift. Production of
asphaltic concrete shall cease immediately and
the plant re-calibrated if the Engineer determines
the percent of asphalt-rubber has varied by an
amount greater than +0.5 percent from the amount
directed by the Engineer.

Construction Requirements:
Quality Control:

Quality control shall be the responsibility of the
contractor. The Engineer reserves the right to
obtain samples of any portion of any material at
any point of the operations for his own use.

Stockpiling:

The contractor will not be allowed to feed the hot
plant from stockpiles containing less than two full
days of production unless only two days produc-
tion remain to be done or special conditions exist
where the Engineer deems this requirement
waived.

Mineral aggregate shall be separated and
stockpiled so that segregation is minimized. An
approved divider of sufficient sized® prevent
intermingling of stockpiles shall b& provided.

Proportioning:

The contractor shall provide documenitation by
calibratiomecharts or other‘@approved means that
the mineral‘agdregate, asphali-tubber, and mineral
admixture if required, are being proportioned in
accordance with thé approvethmix design.

Changes in stockpile use in excess of five percent
from the approved mix design will not be permitted
without the approval of the Engineer.

Mineral admixture, if required, shall be
mechanically mixed with the mineral aggregate
prior to combining the mineral aggregate and
asphalt-rubber. The Engineer may direct a spray of
water be applied either to control the loss of the
mineral admixture or to comply with any mix

design requirements for wet mixing of the
aggregate and admixture.

If a drum mix plant is used, the mineral admixture
shall be added and thoroughly mixed by means of
a mechanical mixing device prior to the mixture
entering the drum drier. The mineral admixture
shall be weighed across a weighhbelt or an
approved alternative weighing sysiém, with a
weight totalizer prior to entry inlo"the mechanical
mixing device. The mechani€al mixing device shall
be a pugmill type mixer congisting of at leashtwo
motorized shafts with mixing paddies. The mixing
device shall be degigned such thabithesmixture of
aggregate and ddmixtureds moved in a near
horizontal direction bydhe mixing paddles without
the aid of €¢anveyorbeits for a distance of at least
3 feet. Mixing, devicesmwhicll permit the mixture of
aggregate and admixiure 1o fall through mixing
biadés,onto a belt or chute are not acceptable.
The mixing devices’ rated capacity in tons per
hour shall not'be exceeded by the rate of material
feed 1o the mixer. The mixer shall be constructed
to prevent the leakage of the contents. The mixer
shall belocated in the system at a location where
the mixed material can be readily inspected on a
belt prior to entry into the drum. The mixing device
shall be capable of effective mixing in the full
range of asphaltic concrete production rates.

A positive signal system and a limit switch device
shall be installed in the plant at the point of
introduction of the admixture. The positive signal
system shall be placed between the metering
device and the drum drier, and utilized during
production whereby the plant shall automatically
be stopped if the admixture is not being
introduced into the mixture.

If a batch plant is used, the mineral admixture
shall be added and thoroughly mixed in the
pugmill prior to adding asphalt-rubber.

The contractor shall furnish daily documentation to
the Engineer that the required amount of mineral
admixture has been incorporated into the
asphaltic concrete.

D-8

Appendix D: Arizona Department of Transportation



No fine material which has been collected in the
dust collection system shall be returned to the
mixture unless the Engineer, on the basis of tests,
determines that all or a portion of the collected
fines can be utilized. If the Engineer so
determines, he will authorize in writing the
utilization of a specific proportion of the fines;
however, authorization will not be granted unless
the collected fines are uniformly metered into the
mixture.

Mineral aggregate, mineral admixture, and
asphalt-rubber shall be proportioned by volume,
by weight, or by a combination of volume and
weight. :

When mineral aggregate, mineral admixture, and
asphalt-rubber are proportioned by weight, all
boxes, hoppers, buckets, or similar receptacles
used for weighing materials, together with scales
of any kind used in batching materials, shall be
insulated against the vibration or movement of the
rest of the plant due to the operation of any
equipment so that the error in weighifigwith the
entire plant operating shall not exceed twoypercent
for any setting nor one and one half percent for
any batch. Bituminous material shall.besweighed
in a heated, insulated bucket suspended from a
springless dial scale system.

When mineral aggregate, mineral‘admixture, and
asphalt-rubber are proportioned by volume, the
correct portion of each mifgtal aggregate size
introduced intinthe mixture shallbe drawn from
the storage\bins by amapproved type of
continuous feeder which wilbsupply the correct
amount of mineral aggregate in proportion to the
bituminous material and so arranged that the
proportion of each mineral aggregate size can be
separately adjustéd. The continuous feeder for the
mineral aggregate shall be mechanically or
electrically actuated.

The introduction of asphalt-rubber shall be
controlled by an automated system fully integrated

with the controls for mineral aggregate and
mineral admixture.

Drying and Heating:

A recording pyrometer or other approved
recording thermometric instrument sensitive to a
rate of temperature change notléss than 10°F per
minute shall be so placed at the diseharge chute
of the drier in order to record autematically the
temperature of the asphaltic ¢oricrete or mineral
aggregate. A copy of the recording shall be given
to the Engineer at the end of €ach shift.

The moisture contérnit of the asphaltic’concrete
immediately behind the géver siall not exceed
one percents The moisture content will be
determined in\accordance with Arizona Test
Method 406. Drying and heating shall be accom-
plished in suclhi @ manner as to preclude the
mineral aggregate from becoming coated with
fuel oil or carbon.

Mixing:

The,production of the plant shall be governed by
thetate required to obtain a thorough and uniform
mixture of the materials. Mixing shall continue until
the uniformity of coating, when tested in
accordance with the requirements of AASHTO
T-195, is at least 95 percent.

A positive signal system shall be provided to
indicate the low level of mineral aggregate in the
bins. The plant will not be permitted to operate

" unless this signal system is in good working

condition. Each bin shall have an overflow chute
or a divider to prevent material from spilling into
adjacent bins.

The temperature of asphaltic concrete upon
discharge from the mixer shall not exceed 350°F.
If the asphaltic concrete is discharged from the
mixer into a hopper, the hopper shali be
constructed so the segregation of the asphaltic
concrete will be minimized.
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Placing and Finishing:
(A) General Requirements:

The handling of asphaltic concrete shall at all
times be such as to minimize segregation. Any
asphaltic concrete which displays segregation
shall be removed and replaced.

Before asphaltic concrete is placed, the surface to
be paved shall be cleaned of all objectionable
material and tacked in accordance with the
requirements of Section 404 of the Standard
Specifications. The cleaning of the surface, the
tacking of the surface, and the amount and grade
of asphalt cement used shall be as directed by
and acceptable to the Engineer.

Unless otherwise specified on the project plans,
asphaltic concrete shall not be placed on the twé
foot widened section where guard rail is to be
instalied.

Dates and Surface Temperature:

Asphaltic concrete shall be placed betwéen the
dates shown as applicable to the average
elevation of the project and withiil these dates
only when the temperature of the surface on
which the asphaltic concrete is 10 be placed I8 at
least 80°F.

Despite a surface temperature of 80°F, the
Engineéiiat.any time, may reguire that the work
cease Or that thémwork day be reduced in the
event of \weather Conditions either existing or
expected Which would have an adverse effect
upon the agphallic concrete.

Beginning and
Ending Dates

Average Elevation
of Project, feet

0 - 3499 February 15-May 31
0 - 3499 September 1-December 15
3500 - 4999 April 1-October 31

5000 and over May 1-September 30

Delivery to Screed Unit:

Asphaltic concrete delivered to the screed unit
shall be a free flowing, homogeneous mass in
which there is no segregation, crusts, lumps, or
migration of the asphalt-rubber.

Should any one or more of sughyconditions be
evident in the material deliveredtoithe screed
unit, and which cannot be eliminateéd by one or
more of the following methgds, the Engineer will
order the work to be stoppéd until conditions are
conducive to the delivery of the material/in the
condition as hereifibefarerequired:

1)  Covering hauling' Units With tarpaulins.

2) Dumping maténal directly into the paver.

3) Movingthe hot plants@arer to the point of
delivery.

Other measures proposed by the contractor which
will deliver asphaitic concrete meeting the above
reguirements will be considered by the Engineer.

(B) Loading Asphaltic Concrete into the
Paving Machine:

If the asphaltic concrete is dumped from the
hauling vehicles directly into the paving machine
from trucks, care shall be taken to avoid jarring
the machine or moving it out of alignment. No
vertical load shall be exerted on the paving
machine by the trucks. Trucks, while dumping,
shall be securely attached to the paving machine.

If the asphaltic concrete is dumped upon the
surface being paved and subsequently loaded into
the paving machine, it shall not be dumped at a
distance greater than 150 feet in front of the
paving machine. The loading equipment shall be
self-supporting and shall not exert any vertical
load on the paving machine. Substantially all of
the asphaltic concrete shall be picked up and
loaded into the paving machine.
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(C) Placing and Finishing Asphaltic
Concrete by Means of Self-Propelled
Paving Machines:

All courses of asphaltic concrete shall be placed
and finished by means of self-propelled paving
machines except under certain conditions or at
certain locations where the Engineer deems the
use of self-propelled paving machines impractical.

In order to achieve, as far as practical, a
continuous operation, the speed of the paving
machine shall be coordinated with the production
of the plant. If the paving machine is stopped for
more than three minutes, or there is a three
minute or longer interval between the completion
of delivery by one truck and the beginning of
delivery by the next truck, the paving machine
shall be puiled away from the mat in order for the
rollers to compact this area in accordance with the
temperature limitations given hereinafter under
Compaction, (C) Rolling Procedure. A transverse
construction joint shall be made by a method
approved by the Engineer.

Self-propelled paving machines shall spread the
mixture without segregation or tearing within the
specified tolerances, true to the line, grade, and
crown indicated on the project plan§. Pavers shall
be equipped with hoppers and aligers which will
distribute the mixture uniformly in front of .
adjustable screeds.

Screeds shall include any strike-off device
operateddy.tamping or vibrating action which is
effective withaut tearing, shoviagyor gouging the
mixture andhwhich prodiees a course with a
uniform texiure andd@density fofthe full width being
paved. Screeds ghall be adjustable as to height
and crown ang shall be equipped with a controlled
heating device {0k use when required.

Tapered sections'not exceeding eight feet in
width, or widened sections not exceeding four feet
in width may be placed and finished by other
means approved by the Engineer.

(D) Automatically Actuated Control
System:

Except under certain conditions or at certain
locations where the Engineer deems the use of
automatic controls impracticable, all courses of
asphaltic concrete shall be placed and finished by
means of self-propelled pavingdnachines
equipped with an automatically actuated control
system.

The control system shall control the elevation of
the screed at each end by controlling the
elevation of one end directly and the other/énd
indirectly either thratigh conirolling thestransverse
slope or-alternately when directed, by controlling
the elevation of eéach endl indefendently.

The control'@ystem &hall be e@ipable of working
with the following devices, which shall be
furdiShed with the machine:

Ski-type device at least 30 feet in length,
supported throughout its entire length.

Short ski.

Failure of the control system to function properly
shall be cause for the suspension of the asphaltic
concrete operations.

Joints:

The contractor shall schedule his paving
operations to minimize exposed longitudinal
edges. Unless otherwise approved by the
Engineer, the contractor shall limit the placement
of asphaltic concrete courses, in advance of
adjacent courses, to one shift of asphaltic
concrete production. The contractor shall
schedule his paving operations in such a manner
to eliminate exposed longitudinal edges over
weekends or holidays.

Longitudinal joints shall be located within one foot
of the centerline between two adjacent lanes.
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Before a surface course is placed in contact with
a cold traverse construction joint, the cold existing
asphaltic concrete shall be trimmed to a vertical
face by cutting the existing asphaltic concrete
back for its full depth and exposing a fresh face.
After piacement and finishing of the new asphaltic
concrete, both sides of the joint shall be dense
and the joint shall be well sealed. The surface in
the area of the joint shall conform to the
requirements hereinafter specified for surface
tolerances when tested with the straightedge
placed across the joint.

Compaction:
(A) General Requirements:

The temperature of asphaltic concrete just prior to
compaction shall be at least 275°F.

The wheels of compactors shall be wetted with
water or, if necessary, soapy water to prevent mix
pick-up during rolling. The Engineer may change
the rolling procedure if in his judgeniént the
change is necessary to prevent picking up of the
asphaltic concrete.

(B) Equipment:

A minimum of three static steel wheel compactors
shall be provided. The diums shallbe of sufiicient
width that when staggéred, two compascters can

cover the entire width of the ribbon with one pass.

The compactars shall weigh nobless than eight
tons.

The compacters shall be self-propelled and shall
be operated\with the drive wheel in the forward
position. Vibratory rollers may be used in the
static mode onlyt All rollers shall be equipped with
pads and a watéring system to prevent sticking of
the asphaltic concrete mix to the steel wheels.

(C) Rolling Procedure:

Two compactors shall be used for initial
breakdown and be maintained no more than

300 feet behind the paving machine. The
remaining compactor shall follow as closely
behind the initial breakdown as possible. As many
passes as is possible shall be made with the
compactors before the temperature of the
asphaltic concrete falls below 220°F.

Pavement Smoothness Requirements
and Tolerances:

(A) General:

Asphaltic concrete shall be ¢ompacted as
required, smooth@nd reasonabliruedo the
required lines, grades, and dimensions.

The finalgavement surface shall be evaluated for
smoothness by testing.

Rast experiences have shown that the following
practicésihave eontributed to smooth pavements:

Keeping a constant head of hot mix material
inyfront of the screed. Not letting the truck
bumip the paver. Running the paver
continuously at a speed which matches the
asphalt delivery. Avoid stopping the paver.
Exercising care in making transverse joints.
Using a uniform, consistent mix, and avoiding
segregation at any point.

Some newer techniques and systems for placing
the material that can improve pavement
smoothness are:

Precision controls to maintain a proper head
of material, maintaining uniformity in both
consistency and volume. Infinitely variable
auger-conveyer speeds to match paver
speed and thickness requirements. Power
adjustable auger height to provide “on-the-
go” control. Ultrasonic sensing systems to
check automatically for material height and
signal the auger and conveyer drive to keep
correct head of material. Three-point
suspension systems and hydraulic drives.
Mix temperatures maintained within a narrow
range.
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Some compaction techniques and systems for
improving smoothness include:

Edge compactors to compact mat edges
more efficiently. Edge cutters to trim mat
edges in preparation for paving additional
lanes, thereby promoting smoother
longitudinal joints. Heavier/larger rollers to
“break down” thicker lifts. Solid state controls
for speed, direction, frequency, and amplitude
to promote more efficient compaction and
smoother surfaces. Use of higher frequency
ranges and the ability to match amplitude and
frequency to production densification at
higher production rates.

However, the contractor may need to adopt
innovative or state-of-the-art techniques to
achieve an incentive payment.

The U.S. Army Corps of Engineers distributes the
Handbook of Hot-Mix Asphalt Paving, which
presents some advanced pavement techniques
the contractor may elect to use to achieve greatér
smoothness. The handbook was jointly prepared
by the American Association of State Highway and
Transportation Officials (AASHTO), the Federal
Aviation Administration (FAA), Federal Highway
Administration (FHWA), National ASphalt
Pavement Association, U.S. Army Corps of
Engineers, American Publicdorks Association
(APWA), and National Assqciation of Ceunty
Engineers. A copy is avallable for reference at the
ADQOT Materials Section, 1221 North 21st Avenue,
Phoenix, Afizona 85009-3740.

This documeniiis available fromthe Federal
Aviation Administration Advisory Circular AC
150/5370-14 and from the U.S. Army Corps of
Engineers Publi¢ation UN-13 (CEMP-ET). In
addition, the National Asphalt Pavement
Association has available information on
pavement smoothness, including Information
Series 111, Pavement Smoothness.

{B) Testing:

Testing will be performed by the Department in
accordance with the provisions of Arizona Test
Method 829. At the completion of mainline paving,
the contractor shall notify the Engineer in writing
that the pavement is ready for testing. The
Engineer will then evaluate the roadway. If the
Engineer determines that additionalfoadway
preparation is required, the contfactorshall
perform such preparation as dirécted by the
Engineer. The contractor shall €hsure that the
road can be driven safely at the désign spged. If
requested by the Erginieer; the contiactor snall
broom the pavemént immetiately prior to testing.
No measurement oF diréet payment will be made
for preparing the roadway, the €0st being
considered as included In'the price of contract
items,

The testing will be performed within seven days
after the Engineer has accepted the roadway for
testing. The Engineer will notify the contractor of
the test resbits no later than 7 days after the
testing has been performed.

Testing will be done on mainline traffic lanes only,
and will include the full length of the pavement
placed under the contract. Distress lanes,
shoulders, ramps, tapers, cross roads, and
frontage roads will not be tested. Testing will not
be performed on any portions that cannot be
made safe for testing at the design speed, or on
any lanes of less than 0.30 mile in length.

Testing will not be done when the ambient air
temperature is less than 40°F or during rain or
other weather conditions determined to be
inclement by the Engineer.

The existing roadway has the following
smoothness values (Mays-Meter inches per mile):
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**Substitute Headings and 0.1 Mile Profilometer***
**Survey Data if Available***

XXXXXbound XXXXXbound
High XX XX
Low XX XX
Average XX XX

Any 0.1 lane-mile increment having an Actual
Smoothness (AS) equal to or greater than the
Correction Value (CV) shall be repaired. Upon
completion of the repairs, the 0.1 lane-mile
increment containing the repaired area will be re-
tested.

The Correction Value (CV) for this contract is 100
inches per mile.

If repairs are required, the contractor shall prepare
a written repair proposal detailing corrective
actions and submit the proposal to the Engineer
within 10 working days after the contractor’s
receipt of test results. Within three working days;
the Engineer will review the submitied, proposal
and either accept it or reject it and ask for a new
proposal. If rejected, the contractor shalliprepare
a new proposal for corrective actionwithin10
working days, based on discugsions with the
Engineer. :

If, after the first attempt 10 repail the pavement,
the Actuai Smoothness (AS) is stilifequal’to or
greater than the Correclion Value (CV), additional
repails andhtesting shall be performed as directed
by the Engineer.

The contractog@hall perform remedial work,
including furhishing materials, required to correct
pavement Smoothness deficiencies such that the
correction value (CV) is less than 100 inches per
mile. Remedial work shall be performed by the
contractor at no additional cost to the Department.

Traffic control costs during the initial smoothness
testing period will be reimbursed under the
provisions of Section 701 of the Specifications.
Any additional traffic control costs incurred,
outside the normal scope of work, due to

pavement repairs and subsequént pavement
smoothness measurements shali be borne solely
by the contractor.

In addition to the smoothness requirements,
asphaltic concrete shall notgéary more than 1/8
inch from the lower edge of a‘ien-foot
straightedge when the straightedgesis placed
parallel to the center line ofdhe roadway.

Acceptance:

Asphailtic concrgie will'he accepled omplete in
place if, in the/judgemefit of the Engineer, the
asphaltic condiéte reg@sonably conforms to the
requireniénts specified herein. Asphaltic concrete
that is not accepiablésand’is rejected shall be
replaced to the satistaction of the Engineer and at
RO éxpenselo\the Department.

Method of Measurement:

Asphaltic concrete will be measured by the ton for
the mixture actually used, which will include the
weight of mineral aggregate, mineral admixture if
required, and asphalt-rubber. Measurement will
include any weight used in construction of
intersections, turnouts, or other miscellaneous
items or surfaces.

Asphalt-rubber will be measured by the ton in
accordance with the requirements of Section 1009
of the Standard Specifications.

Mineral admixture will be measured by the ton.

Basis of Payment:

The accepted quantities of asphaltic concrete,
measured as provided above, will be paid for at
the contract unit price per ton, which price shall be
full compensation for the work, complete in place,
as specified herein.

Payment for the asphalt-rubber will be made by
the ton, including asphalt cement and granulated
rubber.
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Payment for mineral admixture will be made by
the ton.

An Incentive/Disincentive Value will be added or
subtracted from the contract monies due the
contractor based on the following:

The Incentive Disincentive Value (IDV), plus or
minus, for each 0.1 lane-mile shall be determined
from the following formulas:

When AS < XX.0:

Incentive Value = (( XX - AS) /
(XX + 2)) * 2500

When AS > YY.0:

Disincentive Value = ((YY - AS) /
(XX + 2)) * 1000

The Actual Smoothness Value (AS) shall
be determined in accordance with
Arizona Test Method 829.

The Incentive Base for this coniract Is
$2,500.00 for each 0.1 lane-mile
increment or fraction thereofaThe
Disincentive Base for thi€ contract is
$1,000.00 for each 0.1/ane-mile
increment or fraction thereof.

The total Incentive/DisinGentive Value, plusor
minus, for the contract shall be the summation of
the individuahlncentive/Disingéntive Values for the
respective 0.1 lane=mile segments,

Incentive/Disincentive Value will not be applied to
pavement in distress lanes, shoulders, ramps,
tapers, cross roads, or frontage roads.

For projects where pavement is removed and
replaced to grade, followed by an ACFC overlay,
no smoothness measurementsdwill be made for
the following areas:

Pavement placed within 38 feet of the termini
of the project.

Pavement placed within 38 feet of the
approaches afd departires ior britige
structures not beingdverlain as part of the
project.

For projects Where paveément is removed and
replaced to grade, followed by an overiay,
followed by an ACFC overlay, no smoothness
measurementswillbe made for the following
areas: :

Pavement placed within 100 feet of the
termini of the project.

Pavement placed within 100 feet of the
approaches and departures for bridge
structures not being overlain as part of the
project.

Bridges and their approaches and departures
which are overlain with this project will be subject
to the smoothness requirements.
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California Department of Transportation

California Special
Provision—Gap-Graded
Asphalt Rubber
(12-13-94)

10-1. RUBBERIZED ASPHALT CONCRETE
(TYPE G-ASPHALT RUBBER).-Rubberized
asphalt concrete (Type G-Asphalt Rubber) shall be
asphalt rubber hot mix-gap graded (ARHM-GG)
and shall consist of furnishing and mixing gap
graded aggregate and asphalt-rubber binder and
spreading and compacting the mixture. Type G
rubberized asphalt concrete shall conform to the
requirements specified for Type A asphalt concrete
in Section 39, “Asphalt Concrete,” of the Standard
Specifications and these special provisions.

The last sentence of the first paragraph in Segtion
39-2.01, “Asphalts,” of the StandardeSpecifications
and the fifth, sixth, seventh and eighth paragraphs
of Section 39-3.03, “Proportioning,” of the
Standard Specifications shéll not‘@pply to Type G
rubberized asphalt concrete. The swell, moisiure
vapor susceptibility, and slabilometer value
requiremehis,in Section 39-2.02, “Aggregate,” of
the Standard Spegifications shallnot apply to Type
G rubberized asphall conerete.

The second para@raph in Section 39-3.05,
“Asphalt Conctéte and Asphalt Concrete Base
Storage,” of the Standard Specifications is
amended to read:

Storage silos shall be equipped with a surge-
batcher sized to hold a minimum of 4,000

pounds of material. A surge-batcher consists
of equipment placed at the top of the storage

silo which catches the continuous delivery of
the completed mix and changes it to
individual batch delivery and prevents the
segregation of product ingrediénts\as the
completed mix is placeddnio storageyThe
surge-batcher shall be cénter loading and
shall be thermally insulatiédhor heated or
thermally insulat€dl and heatento prévent
material buildup. Rotary chutesshall not be
used as surge-batohiers.

The surge-batcher shallbe independent and
distinct ffom conveyors or chutes used to
pollect ordirect the completed mixture being
discharged Into storage silos and shall be the
last device 10 handle the material before it
enters the silo. Multiple storage silos shall be
served by an individual surge-batcher for
each silo. Material handling shall be free of
obliqgue movement between the highest
elevation (conveyor outfall) and subsequent
placement in the silo. Discharge gates on
surge-batchers shall be automatic in
operation and shall discharge only after a
minimum of 4,000 pounds of material has
been collected and shall close before the last
collected material leaves the device.
Discharge gate design shall prevent the
deflection of material during the opening and
closing operation.

GENERAL. Binder for Type G rubberized asphalt
concrete shall be, at the Contractor’s option, either
Type 1 or Type 2 asphait-rubber binder conforming
to the requirements of these special provisions.

The amount of asphalt-rubber binder to be mixed
with the aggregate for Type G rubberized asphalt
concrete will be determined by the Engineer using
the samples of aggregates furnished by the
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Contractor in conformance with Section 39-3.03,
“Proportioning,” of the Standard Specifications.
The Engineer will determine the amount of
asphalt-rubber binder to be mixed with the
aggregate in accordance with California Test 367,
except as foliows:

The specific gravity used in Section B. “Voids
Content of Specimen” of California Test 367 will be
determined using California Test 308, Method A.

Section C. “Optimum Bitumen Content” of
California Test 367 shall be as follows:

1. Using Figure 2, record in Step 1 of the
pyramid the asphalt content of the four
specimens with the maximum asphalt content
used in the square farthest to the right.

2. Plot asphalt content versus void content fof
each specimen on Form TL-306 (Figure 3),
and connect adjacent points with straight
lines.

3. From Figure 3, select the theoretical asphalt
content that has 3.0 percent voids."8écord
this amount in Step 4 of the pyramid.

4. Record the asphalt conteril in Step 4 as,the
Optimum Bitumen Content (OBC).

5. To establish a regefnmendedtahge OBC as
the high value and 0.8 percent less as the
lowl Vailue.

The temperature of the aggregale at the time the
asphalt-rubber bifder is added shall be not more
than 325°F.

[Editor's Note: All figures and forms referred to
here can be found in California Test 367,
published by the California Department of
Transportation.]

ASPHALT-RUBBER BINDER. The grade of
paving asphalt to be used in asphalt-rubber binder
will be either grade AR-1000, AR-2000, or
AR-4000, as determined by the Engineer from

recommendation by the asphalt-rubber binder
supplier.

The reclaimed vulcanized rubber shall be
produced primarily from the processing of
automobile and truck tires. The rubber shall be
produced by ambient temperature grinding
processes only.

The specific gravity of reclaim@d vulcanized
ground rubber shall be not/éss than .18 nor
more than 1.20, and shall ¢ohform to the fallowing
gradation when tested in acéordance with ASTM
Designation C 1368

Sieve Size Percent Passing
No. 8 100
No. 10 95-100
No. 16 40-80
No: 30 5-30
No. 50 0-15
No. 200 0-3

Rubbér for use in asphalt-rubber binder shall be
free of'loose fabric, wire and other contaminants
except that up to 4 percent (by weight of rubber)
calcium carbonate or talc may be added to
prevent caking or sticking of the particles together.
The rubber shall be sufficiently dry so as to be
free flowing and not produce foaming when
blended with the hot paving asphalt.

At least two weeks before its intended use, the
Contractor shall furnish samples of the asphalt-
rubber binder proposed for use on the project. The
samples shall consist of 4 one-guart size cans of
the asphalt-rubber binder, together with the
formulation and the grade of paving asphalt used.

The method and equipment for combining the
rubber and paving asphalt shall be so designed
and accessible that the Engineer can readily
determine the percentage by weight for each
material being incorporated into the mixture.

Equipment utilized in the production and
proportioning of asphalt-rubber binder shall
include the following:
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An asphalt heating tank with hot oil heat transfer to
heat the paving asphalt to the necessary
temperature before blending with the granulated
rubber. This unit shall be equipped with a
thermostatic heat control device.

A mechanical blender for proper proportioning and
thorough mixing of the paving asphalt and rubber.
This unit shall have both an asphalt totalizing
meter (gallons or liters) and a flow rate meter
(gallons per minute or liters per minute).

An asphalt-rubber binder storage tank equipped
with a heating system to maintain the proper
temperature of the binder and an internal mixing
unit capable of maintaining a homogeneous
mixture of asphalt and rubber.

The asphalt-rubber mixture shall not be used as a
binder after it has been retained for more than 48
hours.

TYPE 1 BINDER. Type 1 asphalt-rubber binder
shall be a uniform and reacted mixtur@of
compatible paving grade asphalt and reclaimed
vulcanized rubber. The length of the individual
rubber particles shall not exceed 3/16 inch.

Type 1 asphali-rubber binder shall contain not.less
than 14 percent nor more than 20 percent rubber,
by weight, of the total asphalt-rubber binder.

The temperature of the paving asphalt shall be
between@80°F and 425°F al the time the rubber is
blended with the paving asphall. The paving
asphalt and rubberchall’be combined and mixed
together in'a blendé&r unit, pumped into the
agitated storageftank, and then reacted for a
minimum of 45 minutes from the time the rubber is
added to the paving asphalt. The asphalt-rubber
binder shall be maintained at a temperature of not
less than 325°F nor more than 375°F during the
reaction period.

The viscosity of the asphalt-rubber binder after the
reaction period, when tested in accordance with
ASTM Designation D 2196, shall be not less than

1,500 centipoise nor more than 3,000 centipoise at
350°F (Brookfield).

The asphalt-rubber binder, after reaching the
desired consistency, shall not be held at
temperatures over 325°F for more than 4 hours.

TYPE 2 BINDER. Type 2 asphalt-rubber binder
shall be a uniform and reacted mixiure of
compatible paving grade asphaltgexieénder oil,
natural rubber and reclaimed vulcanizedhrubber.

Extender oil shall be a resinous, high flash peint,
aromatic hydrocarbongeanforming,to the dollowing:

ASTM
Test Designation  Requirement

Viscosity, SSU, at 100°F D88 2,500 min.
Flash Point, COC, °F D92 390 min.
Molecular Analysis:

Asphaltenes, D 2007 0.1 max.

percent bipweight

Aromatics, D 2007 55 min.

percent by weight

The paving asphalt and extender oil, when
combined, shall form a material that is chemically
compatible with the rubber.

The extender oil shall be added to the paving
asphalt at a rate of not less than 2 percent nor
more than 6 percent by weight of the paving
asphalt, the exact amount to be as determined by
the Engineer from recommendation by the asphalt-
rubber binder supplier. The asphalt shall be at a
temperature of not less than 350°F nor more than
425°F when the extender oil is added.

Rubber for use in Type 2 asphalt-rubber binder
shall consist of reclaimed vulcanized rubber and
shall contain not less than 20 percent nor more
than 30 percent, by weight, natural rubber, when
tested in accordance with ASTM Designation D
297. The rubber shall contain no particles longer
than 1/4 inch in length.

The paving asphalt-extender oil blend and rubber
shall be combined and mixed together in the
blender unit to produce a homogeneous mixture.
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The amount of rubber to be added to the paving
asphalt-extender oil blend shall be not less than
17 percent nor more than 23 percent by weight of
the combined mixture of paving asphalt, extender
oil, and rubber. The exact amount will be as
determined by the Engineer from recommendation
by the asphalt-rubber binder supplier. The paving
asphalt-extender oil blend shall be at a temper-
ature of not less than 350°F nor more than 425°F
when the rubber is added.

The asphalt-rubber binder shall be reacted for a
minimum of 45 minutes from the time the rubber is
added to the paving asphalt-extender oil blend.
The asphalt-rubber binder shall be maintained at a
temperature between 375°F and 425°F during the
reaction period.

The viscosity of the asphalt-rubber binder after the
reaction period, when tested in accordance with
ASTM Designation D 2196, shall be not less than
1,500 centipoise nor more than 3,000 centipoise
at 375°F (Brookfield).

The asphalt-rubber binder, after reaching thée
desired consistency, shall not be held at
temperatures over 375°F for more thamsd houis.

AGGREGATE. The aggregate for Type G
rubberized asphalt concretesshall conform to the
following grading and shall meet thequality
requirements specified {or Type A asphall concrete
in Section,39-2.02, “Aggregate,” of the Standard
Specificationsexcept the loss at 500 revolutions
from the Los AngelesiRattler test shall be 40
percent maximum.

The symbol “X" in the following table is the
gradation which the Contractor proposes to furnish
for the specific Siéve.

Aggregate Grading Requirements
Percentage Passing
1/2” maximum

Limits of
Sieve Proposed Operating Contract
Size Gradation Range Compliance
3/4” 100 100
1/2" 90-100 90-100
3/8" 79-87 X5 X£7
No. 4 32-40 X+5 X7
No. 8 18-24 ) e X+5
No. 30 9-12 X=4 X+5
No. 200 2-7 0-8

The symbol “X” indhe Tollowing table s the
gradation which fthe Contfactorproposes to furnish
for the specific siéve,

Aggregate GradingRequirements
Percentage Passing
3/4” maximum

Limits of
Sieve Proposed Operating Contract
Size Gradation Range Compliance
1" 100 100
34" 90-100 90-100
3/8” 60-68 X+5 X£7
No. 4 32-40 X£5 X+7
No. 8 18-24 X+4 X5
No. 30 9-12 X+d X5
No. 200 2-7 c-8

CONSTRUCTION. After the material has reacted
for at least 45 minutes, the asphalt-rubber binder
shall be metered into the mixing chamber of the
asphalt concrete production plant at the
percentage determined by the Engineer.

When batch type asphalt concrete plants are used
to produce Type G rubberized asphalt concrete,
the asphalt-rubber binder and mineral aggregate
shall be proportioned by weight.
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When continuous mixing type asphalt concrete
plants are used to produce Type G rubberized
asphalt concrete, the asphalt-rubber binder shall
be proportioned by an asphalt meter of the mass
flow, coriolis effect type. The meter shall be
calibrated in accordance with California Test 109.

Type G rubberized asphalt concrete shall be
spread at a temperature of not less than 275°F nor
more than 325°F, measured in the hopper of the
paving machine.

Pneumatic tired rollers shall not be used to
compact Type G rubberized asphalt concrete.
Alternative compacting equipment as specified in
Section 39-6.03, “Compacting,” of the Standard
Specifications shall be used to compact the Type
G rubberized asphalt concrete.

Traffic shall not be allowed on the Type G
rubberized asphalt concrete for at least one hour
after final rolling operations have been completed.

When ordered by the Engineer to prévent tratking
by public traffic from the surface of Type G
rubberized asphalt concrete, prior to opening a
traffic lane, sand shall be spread on the surfaceat
the approximate rate of from onedotwo pounds
per square yard. Sand shall be frée from clayeor
organic material and shall be of Such gradation
that at least 90 percent will pass‘the No. 4 sieve
and not more than 5 péreent will pass aphe. 200
sieve. When ordered by thé\Engineer, excess
sand sh@ll Besremoved from the pavement surface
by sweeping.

MEASUREMENTAND PAYMENT. Rubberized
asphalt concreté (Type G-asphalt rubber) will be
measured and paid for by the ton in the same
manner specified for asphalt concrete in Section
39-8, “Measurement and Payment,” of the
Standard Specifications.

Full compensation for furnishing, spreading, and
sweeping sand cover shall be considered as
included in the contract price paid per ton for
rubberized asphalt concrete (Type G-asphalt

rubber), and no separate payment will be made
therefor.

California Special
Provision—Dense-
Graded Asphalt Rubber
(12-13-94)

10-1. RUBBERIZED ASPHALT CONCRETE
(TYPE D-ASPHALT RLUBBER). --Rubberized
asphalt concrete [Aype D-Asphalt Bubber) shall be
asphalt rubber hot mix-dehse graded (ARHM-DG)
and shall consist of fuffilshing and mixing dense
graded ag@regate anhd asphali-fubber binder and
spreading and compactingdhe mixture. Type D
rubberized agphalt concrete shall conform to the
réquiréments specified for Type A asphalt concrete
in Section 89y Asphalt Concrete,” of the Standard
Specifications and these special provisions.

The last sentence of the first paragraph in Section
38-2.01, ¥Asphalts,” of the Standard Specifications
and the fifth, sixth, seventh and eighth paragraphs
of Section 39-3.03, “Proportioning,” of the
Standard Specifications shall not apply to Type D
rubberized asphalt concrete. The swell, moisture
vapor susceptibility, and stabilometer value
requirements in Section 39-2.02, “Aggregate,” of
the Standard Specifications shall not apply to Type
D rubberized asphalt concrete.

The second paragraph in Section 39-3.05,
“Asphalt Concrete and Asphalt Concrete Base
Storage,” of the Standard Specifications is
amended to read:

Storage silos shall be equipped with a surge-
batcher sized to hold a minimum of 4,000
pounds of material. A surge-batcher consists
of equipment placed at the top of the storage
silo which catches the continuous delivery of
the completed mix and changes it to
individual batch delivery and prevents the
segregation of product ingredients as the
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completed mix is placed into storage. The
surge-batcher shall be center loading and
shall be thermally insulated or heated or
thermally insulated and heated to prevent
material buildup. Rotary chutes shall not be
used as surge-batchers.

The surge-batcher shall be independent and
distinct from conveyors or chutes used to
collect or direct the completed mixture being
discharged into storage silos and shall be the
last device to handle the material before it
enters the silo. Multiple storage silos shall
be served by an individual surge-batcher for
each silo. Material handling shall be free of
oblique movement between the highest
elevation (conveyor outfall) and subsequent
placement in the silo. Discharge gates

on surge-batchers shall be automatic in
operation and shall discharge only after a
minimum of 4,000 pounds of material has
been collected and shall close before the
last collected material leaves the device.
Discharge gate design shall prevent the
deflection of material during the @péning and
closing operation.

GENERAL. Binder for Type D rubb&nzed asphalt
concrete shall be, at the Contragior’'s option,
either Type 1 or Type 2 asphaltstubber bindet
conforming to the requiremients of these special
provisions.

The amaftint of asphalt-rubBerbinder to be mixed
with the'aggregate, for Type D rubberized asphalt
concrete Will be detérmined by the Engineer using
the samples of aggfégates futpished by the
Contractor 1 goriformance with Section 39-3.03,
“Proportioning,” of the Standard Specifications.
The Engineer Will determine the amount of
asphalt-rubber Bifider to be mixed with the
aggregate in accordance with California Test 367,
except as follows:

The specific gravity used in Section B, “Voids
Content of Specimen” of California Test 367 will
be determined using California Test 308,
Method A.

Section C, “Optimum Bitumen Content” of
California Test 367 shall be as follows:

1. Using Figure 2, record in Step 1 of the
pyramid the asphalt content of the four
specimens with the maximum asphalt
content used in the square, farthest to the
right.

2. Plot asphalt content versdis void content for
each specimen on Forfi TL-306 (Figlire 3),
and connect adjacent points with straight
lines.

3. From Step /I of the gyramid, select the three
highest asphalt cdntentsthat do not exhibit
moderate or heavy surfage flushing, and
record these asphalt.eonients in Step 2. See
Note 1.

4. From Figure 2, select the theoretical asphalt
content that has 3.0 percent or more voids
and is within the asphalt range listed in Step
2 ohihe pyramid. Always stay as close to 3.0
percent voids as possible. Record this
amount in Step 4 of the pyramid.

5. Record the asphalt content in Step 4 as the
Optimum Bitumen Content (OBC).

6. To establish a recommended range, use the
Optimum Bitumen Content (OBC) as the high
value and 0.3 percent less as the low value.

The temperature of the aggregate at the time the
asphalt-rubber binder is added shall be not more
than 325°F.

ASPHALT-RUBBER BINDER. The grade of
paving asphalt to be used in asphalt-rubber binder
will be either grade AR-1000, AR-2000, or AR-

- 4000, as determined by the Engineer from

recommendation by the asphalt-rubber binder
supplier.

The reclaimed vulcanized rubber shall be
produced primarily from the processing of
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automobile and truck tires. The rubber shall be
produced by ambient-temperature grinding
processes only.

The specific gravity of reclaimed vulcanized
ground rubber shali be not less than 1.10 nor
more than 1.20, and shall conform to the following
gradation when tested in accordance with ASTM
Designation C 136:

Sieve Size Percent Passing
No. 8 100
No. 10 95-100
No. 16 40-80
No. 30 5-30
No. 50 o-15
No. 200 0-3

Rubber for use in asphalt-rubber binder shall be
free of loose fabric, wire and other contaminants
except that up to 4 percent (by weight of rubber)
calcium carbonate or talc may be added to prevent
caking or sticking of the particles together. The
rubber shall be sufficiently dry so as tabe free
flowing and not produce foaming when blended
with the hot paving asphalt.

At least two weeks before its intendéd use, the
Contractor shall furnish samples £f the asphalt-
rubber binder proposed for use @n the projecit The
samples shall consist of 4 dne-quart size cans of
the asphalt-rubber binder, togetherwith, the
formulation and the grade of paving asphalt'used.

The method andeguipment for €embining the
rubber and pavingasphalt shall be so designed
and accessible thatdhe Enginéer can readily
determine the peitentage by weight for each
material being Incorporated into the mixture.

Equipment utilizéd in the production and
proportioning of agphalt-rubber binder shall include
the following:

An asphalt heating tank with hot oil heat transfer
to heat the paving asphalt to the necessary

temperature before blending with the granulated
rubber. This unit shall be equipped with a
thermostatic heat control device.

A mechanical blender for proper proportioning and
thorough mixing of the paving asphalt and rubber.
This unit shall have both an asphalt totalizing
meter (gallons or liters) and a flowyrate meter
(gallons per minute or liters per minuie).

An asphalt-rubber binder storage tank equipped
with a heating system to mainiain the proper
temperature of the binder and'@n,internal mixirig
unit capable of maintainingea homogeneals
mixture of asphaltf@nd rubber

The asphalt#ubbér mikitre shall not be used as a
binder afterit has been retaineéd for more than 48
hours.

TYPE 1 BINDER. Type 1 asphalt-rubber binder
shall be a uniferm and reacted mixture of
compatible paving grade asphalt and reclaimed
vulcanized rubber. The length of the individual
rubber particles shall not exceed 3/16 inch.

Type T asphalt-rubber binder shall contain not less
than 14 percent nor more than 20 percent rubber,
by weight, of the total asphalt-rubber binder.

The temperature of the paving asphalt shall be
between 350°F and 425°F at the time the rubber is
blended with the paving asphalt. The paving
asphalt and rubber shall be combined and mixed
together in a blender unit, pumped into the
agitated storage tank, and then reacted for a
minimum of 45 minutes from the time the rubber is
added to the paving asphalt. The asphalt-rubber
binder shall be maintained at a temperature of not
less than 325°F nor more than 375°F during the
reaction period.

The viscosity of the asphalt-rubber binder after the
reaction period, when tested in accordance with
ASTM Designation D 2196, shall be not less than
1,500 centipoise at 350°F (Brookfield).
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The asphalt-rubber binder, after reaching the
desired consistency, shall not be held at
temperatures over 325°F for more than 4 hours.

TYPE 2 BINDER. Type 2 asphalt-rubber binder
shall be a uniform and reacted mixture of
compatible paving grade asphalt, extender oil,
natural rubber and reclaimed vulcanized rubber.

Extender oil shall be a resinous, high flash point,
aromatic hydrocarbon conforming to the following:

ASTM
Test Designation Requirement

Viscosity, SSU, at 100°F D 88 2,500 min.
Flash Point, COC, °F D92 390 min.
Molecular Analysis:

Asphaltenes, D 2007 0.1 max.

percent by weight

Aromatics, D 2007 55 min.

percent by weight

The paving asphalt and extender oil, when
combined, shall form a material that is chemically
compatible with the rubber.

The extender oil shall be added to the paving
asphalt at a rate of not less than 2 percent ok
more than 6 percent by weight of the paving
asphalt, the exact amount to bg as determined by
the Engineer from recommenaation by the
asphalt-rubber binder supplier. The asphalt shall
be at a temperature of' not less than 350°F nor
more than 425°F whenihe extender oil is added.

Rubber for use ilnType 2 asphali-rubber binder
shall congist of reclaimes,vulcanized rubber and
shall contain not &8s than 20 percent nor more
than 30 percent, by weight, natural rubber, when
tested in accordance with ASTM Designation D
297. The rubbershall contain no particles longer
than 1/4 inch in length.

The paving asphalt-extender oil blend and rubber
shall be combined and mixed together in the
blender unit to produce a homogeneous mixture.

The amount of rubber to be added to the paving
asphalt-extender oil blend shall be not less than

17 percent nor more than 23 percent by weight of
the combined mixture of paving asphalt, extender
oil, and rubber. The exact amount will be as
determined by the Engineer from recommendation
by the asphalt-rubber binder supplier. The paving
asphalt-extender oil blend shall be at a tempera-
ture of not less than 350°F nor more than 425°F
when the rubber is added.

The asphalt-rubber binder shalilbe réacted for a
minimum of 45 minutes frof the time the rubber is
added 1o the paving asphali-extender oil blend.
The asphalt-rubber binder shall be mainiained at a
temperature between 875°F andh425°Fduring the
reaction period,

The viscosity of thef@sphalt-rubber binder after the
reaction petiod, when tested in accordance with
ASTM Designation D 2196, shall be not less than
14600 centipoise nor more than 3,000 centipoise
at 375°F(Brookfield).

The asphalt-rubber binder, after reaching the
desiréd consistency, shall not be held at
tempetatures over 375°F for more than 4 hours.

AGGREGATE. The aggregate for Type D
rubberized asphalt concrete shall conform to the
3/4” maximum, medium grading and shall meet
the quality requirements specified for Type A
asphalt concrete in Section 39-2.02, “Aggregate,
of the Standard Specifications, except the loss at
500 revolutions from the Los Angeles Rattler test
shall be 40 percent maximum.

CONSTRUCTION. After the material has reacted
for at least 45 minutes, the asphalt-rubber binder
shall be metered into the mixing chamber of the
asphalt concrete production plant at the
percentage determined by the Engineer.

When batch type asphalt concrete planis are used
to produce Type D rubberized asphalt concrete,
the asphalt-rubber binder and mineral aggregate
shall be proportioned by weight.

When continuous mixing type asphait concrete
plants are used to produce Type D rubberized
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asphalt concrete, the asphalt-rubber binder shall
be proportioned by an asphalt meter of the mass
flow, coriolis effect type. The meter shall be

calibrated in accordance with California Test 109.

Type D rubberized asphalt concrete shall be
spread at a temperature of not less than 275°F nor
more than 325°F, measured in the hopper of the
paving machine.

Pneumatic tired rollers shall not be used to
compact Type D rubberized asphalt concrete.
Alternative compacting equipment as specified in
Section 39-6.03, “Compacting,” of the Standard
Specifications shall be used to compact the Type
D rubberized asphalt concrete.

Traffic shall not be allowed on the Type D
rubberized asphalt concrete for at least one hour
after final rolling operations have been completed,

When ordered by the Engineer to prevent tracking
by public traffic from the surface of Type D
rubberized asphalt concrete, prior to opening a
traffic lane, sand shall be spread on the surfate at
the approximate rate of from one to two pounds
per square yard. Sand shall be free from clay or
organic material and shall be of suchsgradation
that at least 90 percent will pass the No. 4 sieve
and not more than 5 percent willpass a No. 200
sieve. When ordered by thednginéer, excess
sand shall be removed from the pavément surface
by sweeping.

MEASUREMENT AND PAYMENT. Rubberized
asphalt canerete (Type,D-asphalt fubber) will be
measured and paid for by the,ton in the same
manner spegcified far asphalt'concrete in Section
39-8, “Measurement and Payment,” of the
Standard Specifiéations.

Full compensation for furnishing, spreading, and
sweeping sand cover shall be considered as
included in the contract price paid per ton for
rubberized asphalt concrete (Type D-asphalt
rubber), and no separate payment will be made
therefor.

California Special
Provision—Open-
Graded Asphalt Rubber
(12-13-94)

10-1. RUBBERIZED ASPHALT CONCRETE
(TYPE O-ASPHALT RUBBER). Rubberized
asphalt concrete (Type O-Asphélt Rubbenr) shall be
asphalt rubber hot mix-open graded (ARHM,OG)
and shall consist of furnishing ahd mixing open
graded aggregate and asphalt-rubber bindér and
spreading and compacting the, mixture: Type O
rubberized asphalt concreié shall conform to the
requirements spegifieddor open graded asphalt
concrete in‘Section 39, “Asphalt Concrete,” of the
Standard Specifications and these special
provisions.

The last semenee of the first paragraph in Section
39:2.01, “Asphalts,” of the Standard Specifications
and the fifth, sixth, seventh, and eighth paragraphs
of Section 89-3.03, “Proportioning,” of the
Standard Specifications shall not apply to Type O
rubberized asphalt concrete.

The second paragraph in Section 39-3.05,
“Asphalt Concrete and Asphalt Concrete Base
Storage,” of the Standard Specifications is
amended to read:

Storage silos shall be equipped with a surge-
batcher sized to hold a minimum of 4,000 pounds
of material. A surge-batcher consists of equipment
placed at the top of the storage silo which catches
the continuous delivery of the completed mix and
changes it to individual batch delivery and
prevents the segregation of product ingredients
as the completed mix is placed into storage. The
surge-batcher shall be center ioading and shall

be thermally insulated or heated or thermally
insulated and heated to prevent material buildup.
Rotary chutes shall not be used as surge-
batchers.
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The surge-batcher shall be independent and
distinct from conveyors or chutes used to collect
or direct the completed mixture being discharged
into storage silos and shall be the last device to
handie the material before it enters the silo.
Multiple storage silos shall be served by an
individual surge-batcher for each silo. Material
handling shall be free of oblique movement
between the highest elevation (conveyor outfall)
and subsequent placement in the silo. Discharge
gates on surge-batchers shall be automatic in
operation and shall discharge only after a
minimum of 4,000 pounds of material has been
collected and shall close before the last collected
material leaves the device. Discharge gate design
shall prevent the deflection of material during the
opening and closing operation.

GENERAL. Binder for Type O rubberized asphalt
concrete shall be, at the Contractor’s option, either
Type 1 or Type 2 asphalt-rubber binder
conforming to the requirements of these special
provisions.

The amount of asphalt-rubber bindér o be fnixed
with the aggregate for Type O rubberizechasphalt
concrete will be determined by the Engineerusing
the samples of aggregates furnishediby the
Contractor in conformance withdSection 39-3.08,
“Proportioning,” of the Standard Specifications.
The Engineer will determine the amount of
asphalt-rubber binder ta be mixed with the
aggregate in accorddnee with CalifarnianTest 368,
except the test temperatlrg in Section D, “Test
Procedure,mshall be 325°F.

The temperature of the dggregate at the time the
asphalt-rubber bifider is added shall be not more
than 325°F.

ASPHALT-RUBBER BINDER. The grade of
paving asphaltiio'be used in asphalt-rubber binder
will be either grade AR-1000, AR-2000, or AR-
4000, as determined by the Engineer from
recommendation by the asphalt-rubber binder
supplier.

The reclaimed vulcanized rubber shall be
produced primarily from the processing of
automobile and truck tires. The rubber shall be
produced by ambient temperature grinding
processes only.

The specific gravity of reclaimed vulcanized
ground rubber shall be not legsithan 1.10 nor
more than 1.20, and shall confetmto the following
gradation when tested in accar@ancenwith ASTM
Designation C 136: '

Sieve Size Pércent Passing
No. 8 100
Nof 10 95<100
No. 16 40-80
Neo. 30 5-30
No. 50 0-15
No. 200 0-3

Rubber fer use in asphalt-rubber binder shall be
free of loose fabric, wire, and other contaminants
except that up to 4 percent (by weight of rubber)
caléium carbonate or talc may be added to
prevent gaking or sticking of the particles together.
The rubber shall be sufficiently dry so as to be
free flowing and not produce foaming when
blended with the hot paving asphalt.

At least two weeks before its intended use, the
Contractor shall furnish samples of the asphalt-
rubber binder proposed for use on the project. The
samples shall consist of 4 one-quart size cans of
the asphalt-rubber binder, together with the
formulation and the grade of paving asphalt used.

The method and equipment for combining the
rubber and paving asphalt shall be so designed
and accessible that the Engineer can readily
determine the percentage by weight for each
material being incorporated into the mixture.

Equipment utilized in the production and
proportioning of asphalt-rubber binder shall
include the following:
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An asphalt heating tank with hot oil heat transfer
to heat the paving asphalt to the necessary
temperature before blending with the granulated
rubber. This unit shall be equipped with a
thermostatic heat control device.

A mechanical blender for proper proportioning and
thorough mixing of the paving asphalt and rubber.
This unit shall have both an asphalt totalizing
meter (gallons or liters) and a flow rate meter
(gallons per minute or liters per minute).

An asphalt-rubber binder storage tank equipped
with a heating system to maintain the proper
temperature of the binder and an internal mixing
unit capable of maintaining a homogeneous
mixture of asphalt and rubber.

The asphalt-rubber mixture shall not be used as a
binder after it has been retained for more than 48
hours.

TYPE 1 BINDER. Type 1 asphalt-rubber binder
shall be a uniform and reacted mixture(of
compatible paving grade asphalt and reclaimed
vulcanized rubber. The length of the individual
rubber particles shall not exceed 3/16ineh,

Type 1 asphalt-rubber binder shall €ontain not éss
than 14 percent nor more tham 20 percent rubber,
by weight, of the total asphali-rubber Binder.

The tempetature of the pavinghasphalt shall be
between 350°F and 425°F at e time the rubber is
blended with the pavinguasphalt. The paving
asphalt and ‘tubber shall'be ¢ombined and mixed
together in a Blendér unit, pumped into the
agitated storage tank, and then reacted for a
minimum of 45 minutes from the time the rubber is
added to the paving asphalt. The asphalt-rubber
binder shall be mairitained at a temperature of not
less than 325°F nor more than 375°F during the
reaction period.

The viscosity of the asphalt-rubber binder after the
reaction period, when tested in accordance with
ASTM Designation D 2196, shall be not less than

1,500 centipoise nor more than 3,000 centipoise
at 350°F (Brookfield).

The asphalt—rubber binder, after reaching the
desired consistency, shall not be held at
temperatures over 325°F for more than 4 hours.

TYPE 2 BINDER. Type 2 asphalt-tubber binder
shall be a uniform and reacted mixitre of
compatible paving grade asphaltgexiender oil,
natural rubber, and reclaimed julcanized rubber.

Extender oil shall be a resinous, high flash point,
aromatic hydrocarbon@@hferming tothe fallowing:

ASTM
Test Désignation Requirement
Viscosity, SSU{ at 100%F D 88 2,500 min.
Flash Point, COC, °F D92 390 min.
Molecular Analysis:
Asphaltenes, D 2007 0.1 max
percent by weight
Aromatics, D 2007 55 min.
percent by weight

1The paving asphalt and extender oil, when
combined, shall form a material that is chemically
compaltible with the rubber.

The extender oil shall be added to the paving
asphalt at a rate of not less than 2 percent nor
more than 6 percent by weight of the paving
asphalt, the exact amount to be as determined by
the Engineer from recommendation by the
asphalt-rubber binder supplier. The asphalt shall
be at a temperature of not less than 350°F nor
more than 425°F when the extender oil is added.

Rubber for use in Type 2 asphalt-rubber binder
shall consist of reclaimed vulcanized rubber and
shall contain not less than 20 percent nor more
than 30 percent, by weight, natural rubber, when
tested in accordance with ASTM Designation D
297. The rubber shall contain no particles Ionger
than 1/4 inch in length.

The paving asphalt-extender oil blend and rubber
shall be combined and mixed together in the
blender unit to produce a homogeneous mixture.
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The amount of rubber to be added to the paving
asphalt-extender oil blend shall be not less than
17 percent nor more than 23 percent by weight of
the combined mixture of paving asphalt, extender
oil, and rubber. The exact amount will be as
determined by the Engineer from recommendation
by the asphalt-rubber binder supplier. The paving
asphalt-extender oil blend shall be at a temper-
ature of not less than 350°F nor more than 425°F
when the rubber is added.

The asphalt-rubber binder shall be reacted for a
minimum of 45 minutes from the time the rubber is
added to the paving asphalt-extender oil blend.
The asphalt-rubber binder shall be maintained at a
temperature between 375°F and 425°F during the
reaction period.

The viscosity of the asphalt-rubber binder after the
reaction period, when tested in accordance witfi
ASTM Designation D 2196, shall be not less than
1,500 centipoise nor more than 3,000 centipoise
at 375°F (Brookfield).

The asphali-rubber binder, after reaching the
desired consistency, shall not be held at
temperatures over 375°F for more than 4 Gours.

AGGREGATE. The aggregaté for Type O
rubberized asphalt concrete shall conform 1o

1/2 inch maximum opefl graded asphalt concrete
aggregate specified h, Section 39-2:02,
“Aggregate,” of the Standard Specifications.

CONSTRUCTION, After the material has reacted
for at least 45 minutespthe asphalt-rubber binder
shall be'metered into the mixing chamber of the
asphalt caneréte production plant at the
percentage determined by the Engineer.

If the Contractor selects the batch mixing method,
asphalt concrele shall be produced by the
automatic batch mixing method as provided in

" Section 39-3.03A(1b), “Automatic Proportioning,”
of the Standard Specifications.

When batch type asphalt concrete plants are used
to produce Type O rubberized asphalt concrete,

the asphalt-rubber binder and mineral aggregate
shall be proportioned by weight.

When continuous mixing type asphalt concrete
plants are used to produce Type O rubberized
asphalt concrete, the asphalt-rubber binder shall
be proportioned by an asphalt meter of the mass
flow, coriolis effect type. The meter shall be
calibrated in accordance with California Test 109.

Type O rubberized asphalt concrete shall be
spread at a temperature of not less than 275°F
nor more than 325°F, meaSured in the hopper of
the paving machifie. Type O rubberizéd asphalt
concrete shallbe placed only when the
atmospheric {emperdiure is above 45°F.

The area & which paint bifider has been applied
shall be closed to publictraffic. Care shali be
{aken to avoid tracking binder material onto
existing pavement surfaces beyond the limits of
construction.

In“addition to the requirements in Section 39-5.01,
“Spreading Equipment,” of the Standard
Specifications, asphalt paving equipment shall be
equipped with automatic screed controls and a
sensing device or devices.

When paving contiguously with previously placed
mats, the end of the screed adjacent to the
previously placed mat shall be controlled by a
sensor that responds to the grade of the
previously placed mat and will reproduce the
grade in the new mat within a 0.01-foot tolerance.

Should the methods and equipment furnished by
the Contractor fail to produce a layer of asphalt
concrete conforming to the requirements,
including straightedge tolerance, of Section 39-
6.03, “Compacting,” of the Standard
Specifications, the paving operations shall be
discontinued and the Contractor shall modify his
equipment or furnish substitute equipment.

Should the automatic screed controls fail to
operate properly during any day’s work, the
Contractor may use manuai control of the

D-28

Appendix D: California Department of Transportation



spreading equipment for the remainder of that day;
however, the equipment shall be corrected or
replaced with alternative automatically controlled
equipment conforming to the requirements in this
section before starting another day’s work.

Traffic shall not be allowed on the Type O
rubberized asphalt concrete for at least one hour
after final rolling operations have been completed.

When ordered by the Engineer to prevent tracking
by public traffic from the surface of Type O
rubberized asphalt concrete, prior to opening a
traffic lane, sand shall be spread on the surface at
the approximate rate of from one to two pounds
per square yard. Sand shall be free from clay or
organic material and shall be of such gradation
that at least 90 percent will pass the No. 4 sieve

and not more than 5 percent will pass a No. 200
sieve. When ordered by the Engineer, excess
sand shall be removed from the pavement surface
by sweeping.

MEASUREMENT AND PAYMENT. Rubberized
asphalt concrete (Type O-asphalhrubber) will be
measured and paid for by the toriinthe same
manner specified for asphalt concreté in Section
39-8, “Measurement and Paymeni,” of'the
Standard Specifications.

Full compensation for furnishing, Spreading, and
sweeping sand cover@hall beconsidered s
included in the contract price paid per ton for
rubberized asphalt €oncrete (Type O-asphalt
rubber), and gieé separaie payment will be made
therefor.
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Florida Department of Transportation

Florida Department of
Transportation

1. Asphalt Rubber Binder.
(FA 9-12-94) (REV 8-25-94)

SECTION 336 (Pages 42-46) of the Supplemental
Specifications is deleted and the following
substituted:

Section 336
Asphalt Rubber Binder

336-1 Description.

This specification governs the production of
asphalt rubber binder for use in Asphaltic
Concrete Friction Courses and Asphalt Rubber
Membrane Interlayers.

336-2 Materials.

336-2.1 Asphalt Cement: The patticular grade of
asphalt cement as specified in Tableé 836-1 for the
respective uses shall meet the requirements ot
Section 916.

336-2.2 Ground Tire Rubber: Thetype of ground
tire rubber shall meetthe reduirements of
Section 919.

336-3 Asphalt Rubber Binder.

The asphalt cemept and ground tire rubber shali
be thoroughly mixed and reacted in accordance
with the requirements of Table 336-1. The rubber
type shall be in accordance with the approved
design mix. Blending of the asphalt cement and

ground tire rubber will be accomplished at the
asphalt supplier’s terminal or atthe,project site.

336-4 Equipment.

The blending equipment for agphalt rubber Bifider
shall be designed for that purp@se and shall be
capable of producing a'hamogencousymixiure of
ground tire rubbey and asphait cement meeting
the requirements|0f Tabi& 336-1. The blending unit
may be a bateh type ©r continudus type and shall
provide for sampling ofthe biénded and reacted
asphalt rubber Binder material during normal
production. The accuracy of the meter used to
determine théasphalt rubber binder content of
piluminous mixtures shall be certified once every
six months. Such certification shall be furnished
by an approved scale technician, and the
Contractor shall be responsible for obtaining this
cerlifigation.

In order to meet specification requirements
specialized equipment will be necessary to handle
and keep the asphalt rubber uniformly blended
while in storage. Storage tanks shall be equipped
with a sampling device.

336-5 Testing and Cértification
Requirements.

336-5.1 Blending at Project Site: The ground tire
rubber content in the asphalt rubber binder will be
monitored by the Department on a daily basis
based on the following: (1) the weight of the
ground tire rubber used, and the gallons of
asphalt rubber binder used (The weight per gallon
for the various types of asphalt rubber binder
shown in Table 336-1 are to be used for these
calculations.) or (2) the weight of the ground tire
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rubber used and the number of gallons of asphalt
cement used.

336-5.2 Blending at Asphalt Supplier’s
Terminal: Where the asphalt rubber binder is
blended at the asphalt supplier’s terminal, each
load delivered to the project site shall be certified
that the asphalt rubber binder has been produced
in accordance with and meets the requirements of
336-3. in addition, the certification shall include the
certification requirements for the asphalt cement
and ground tire rubber, as specified in 916-1.2 and
919-6, respectively.

336-5.3 Testing of Asphalt
Rubber Binder:

336-5.3.1 Quality Control Requirements: The
asphalt rubber binder shall be tested for the
viscosity requirement of Table 336-1 by the
Contractor at the following frequencies and
situations:

(1) One per batch (for batch blending) or two per
day (for continuous blending) duting, blending
at the project site.

(2) Each load delivered to the prejechsite when
blended at the asphalt supplier’s terminal.

(3) Beginning of each day fram the storage fank
when the asphalt rdbber binder is stored at
the project site.

The vig€asity testing equipment specified in FM 5-
548 shallbe @blained by the Contractor and made
available fo the Department foracceptance
purposes,

In the event that the Quality Control and
Acceptance samples are being tested
simultaneously, the Acceptance Test results can be
used for quality'Control.

336-5.3.2 Acceptance Requirements: The
Department will test the asphalt rubber in
accordance with FM 5-548 to assure conformance
with the minimum viscosity requirement as
specified in Table 336-1. Specific frequencies and
situations are as follows:

(1) One per batch (for batch blending) or two per
day (for continuous blending) during blending
at the project site.

(2) Beginning of each day from the storage tank
when the asphalt rubber binder is stored at
the project site.

If the asphalt rubber binder does, not meet the
minimum viscosity requirement, the, Contractor
shall make the appropriate a@justmenis in order to
(1) correct the viscosity of the blended material,
and (2) correct the blending operation. These
corrective actions may includeiincreasing the GTR
content, loweringdhe biended temperdiure, or
increasing the f@action dime. In the event that the
corrective actions takén by the Contractor fail to

TABLE 336-1
Asphalt RBubber Binder

NOTES

1 Use of finer rubber could resuit in the reduction of the
minimum reaction time.

2 Conversions to standard 60°F are as specified in 300-8.3.

3 FM 5-548, Viscosity of Asphalt Rubber Binder by use of
the Rotational Viscometer.

NQOTE:

The minimum reaction time may be adjusted if approved by
the State Materials Office depending upon the temperature,
size of the ground tire rubber, and viscosity measurement
determined from the asphalt rubber binder material prior to or
during production. The asphalt rubber binder for use in
membrane interlayers shall be applied within a period of six
hours unless some form of corrective action such as cooling
and reheating is approved by the State Materials Office.
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correct the problem, or the material consistently
fails to meet the minimum viscosity requirement,
all asphalt rubber production operations shall be
stopped until the problem has been solved.
Production operations shall not resume until
approval is granted by the District Bituminous
Engineer. Any mix placed with low viscosity
asphalt rubber binder shall be subject to an
engineering evaluation to determine if it should be
removed and replaced. In the event that the
viscosity of the asphalt rubber binder increases to
the extent that paving operations of the mixture
are adversely affected (i.e., density or texture
problems occur), plant operations shall be stopped
until the problem has been resolved.

336-6 Use of Excess Asphalt Rubber.

Excess asphalt rubber may be utilized in other
asphaltic concrete mixtures requiring the use of ah
AC-30 by blending with straight AC-30 so that the
total amount of GTR in the binder is less than

2.0 percent. Asphalt rubber blended with any
asphalt material that is used as a recycling agént
in a recycled mixture must be blended imsugh
proportions that the total amount of GTRIn the
recycling agent is less than 1.0 percent.

337 Asphaltic Concrete
Friction Courses<(FA 10-24-94)
(REV 5-25-94)

SECTIOMNIB37 (Pages 265-271) is deleted and the
following substitited:

Section 337

Asphaltic €oncrete Friction
Courses (Asphalt Rubber
Binder)

337-1 Description.

This Section specifies the materials, composition,
mix design and compensation for Asphaltic
Concrete Friction Courses containing asphalt
rubber binder. The requirements for plant and

equipment for this pavement are specified in
Section 320. General construction requirements
for all asphaltic concrete pavements as specified
in Section 330 are applicable to this Section
subject to any exceptions contained herein.

The work will be accepted on a LOT by LOT basis
in accordance with the applicable, requirements of
Sections 5, 6, and 9. The size of'the, LOT for the
bituminous mix accepted at thetplant will be as
specified in 331-5 and for thé material aceepted
on the roadway as stipulatet in 330-10 and
330-12.

The mixes covered by this Section are designated
as Friction Coutse 2 (FC-2) afid Friction Course 3
(FC-3).

337-2 Materials.

337-2.1 Generali The materials used shall
conform withi the requirements specified in
Division Il as modified herein.

337-2.2 Asphait Rubber Binder: The asphalt
rubber binder material for friction courses shall be
an ARB-12 for FC-2 and an ARB-5 for FC-3, both
meeting the requirements of Section 336. In
addition, the asphalt rubber binder shall contain
0.5 percent heat stable anti-stripping additive from
an approved source. This amount may be varied
based on tests performed by the State Materials
Office. When the amount is varied in excess of the
0.5 percent, the Contractor will be compensated at
the invoice price for the additive. When the
amount is varied less than 0.5 percent, the
Department shall be reimbursed at the invoice
price of the additive.

The heat stable anti-stripping additive shall be
introduced and mixed into the asphalt cement at
the asphalt terminal during loading or by the
Contractor at the asphalt plant in a manner
satisfactory to the Engineer. Addition of the
additive at the asphalt terminal shall be certified
by the supplier.
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337-2.3 Coarse Aggregate: Except as modified
herein, all coarse aggregate shall meet the
requirements of Section 901.

337-2.4 Fine Aggregate: Fine aggregates shall
meet all applicable requirements of Section 902.

337-3 General Composition of Mixes.

337-3.1 General: The bituminous mix shall be
composed of a combination of aggregate (coarse,
fine, or a mixture thereof), mineral filler if required,
and asphalt rubber binder. The several aggregate
fractions shall be sized, uniformly graded and
combined in such proportions that the resulting
mix will meet the grading and physical properties
of the approved job mix formula.

337-3.2 Aggregate Components: The aggregate
components of the various mixes set out in this
Section shall be as follows:

FC-2 — The coarse aggregate component of FC-
2 shall be either crushed granite,
crushed slag, or lightweight aggredates
(that have been approved for this use).
Crushed limestone from the QOolitie
formation will also be permitied,if the
coarse aggregate contdins a minimurr of
twelve percent non-carbonate matefial
as determined bys/~M'8-510 and
approval of the/source 18 granted by the
State Materi@lg Office priorio g use. In
addition, use ofl@garegates other than
those listed above may be permitted if
approved by the State Materials Office.

FC-3 — The coafse aggregate components of
the FC-3 mixture shall be either crushed
gravel, crushed granite, crushed slag, or
crushed limestone from the Oolitic
formation as specified for use in FC-2. In
addition, use of aggregates other than
these listed above may be permitted if
approved by the State Materials Office.

The fine aggregate components shall
consist of crushed screenings or a

combination of crushed screenings and
local materials. The crushed screenings
shall be composed of hard, durable
particles resulting from the crushing or
processing of coarse aggregate as
specified above. In addition, screenings
from other approvedssources may be
used provided that the total of these
screenings along with sifiéa sand or
local materials doesdiot @éxcead 40
percent. The gradation requiréments of
the screenings shall be as specified in
902-5.1.

Not mgre than 20 percent by weight of
the tolal aggiegate Used shall be silica
gand of le€al materjals as defined in
Section 902,

Continuing approval of all sources of material for
use in FC-2mand FC-3 will be based on field
performance.

337-3.3 Grading Requirements: The job mix
formula, as established by the Contractor and
approved by the Department, shall be within the
design range specified in Table 331-1 for all
friction courses.

337-3.4 Stability for FC-3: The constituents for
FC-3 shall be combined in such proportions as to
produce a mix having Marshall properties within
the limits shown in Table 331-2.

337-4 Mix Design.

The mix design shall conform to the requirements
of 331-4.3 of these specifications except that Item
No. 7 in 331-4.3.1 shall not apply to FC-2. For FC-
3, data shall be submitted showing that the mix
design meets the requirements of Table 331-2
using conventional AC-30. The asphalt rubber will
then be substituted at the optimum conventional
binder content for production and shall be shown
as the optimum binder content on the approved
mix design.
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337-5 Contractor’s Quality Control.

The Contractor shall provide the necessary quality
control of the friction course mix and construction
in accordance with the applicable provisions of 6-
8.4 and 331-4.4. After the mix design has been
approved, the Contractor shall furnish the material
to meet the approved mix design in accordance
with the provisions of 331-4.4.2 and Table 331-3.
Plant calibration shall comply with the provisions
of 331-4.4.3 and Table 331-3.

337-6 Acceptance of Mix.

337-6.1 Acceptance at the Plant: The bituminous
mix shall be accepted at the plant with respect to
gradation in accordance with the applicable
requirements of 331-5. Acceptance determinations
for asphalt rubber binder content for mixtures
produced by batch, drum, or continuous mix
plants are as follows:

337-6.1.1 Batch Plants: All batch plants
producing friction course mixtures containing
asphalt rubber shall be equipped witlhan
automatic printer system which is capable of
printing either the individual bin weights or total
aggregate weight, as well as the amount of
asphalt rubber binder, that is delidéred 1o the
pugmill. Each batch of asphaltié¢ concrete mixture
produced shall have an individual printout.

The asphalt rubber bipdér content fopaccepiance
purposes shall be based on the calculated binder
contentdrom the printout'@f the batch that is
selected basehupon the random number.
Payment shall be based on the provisions of Table
331-6, using the Asphalt Cément Content
(printout) charagféristic.

The batch scalés and the accuracy of the
automatic printénsystem shall be certified at least
once every six months. Such certification shall be
furnished by an approved certified scale
technician and the Contractor shall be responsible
for obtaining this certification. The automatic
printer system shall maintain an accuracy of one
percent for the asphalt rubber binder and
aggregate.

337-6.1.2 Drum-Mix Plants: All drum-mix plants
producing friction course mixtures containing
asphalt rubber shall be equipped with a
metering/printer system that is capable of one of
the following:

1)  Printing an instantaneous, reading, upon
demand, of dry aggregaie and asphalt rubber
binder being delivered to theé drum (in TPH).
The asphalt rubber binder@ontent for
acceptance purposes will then be Based on
the calculated binder content from the
printout that is obtained based upon the
random number:

2) Printing an instantaheousareading, at a
regular frequengy of no longer than 5
minules, of @iy aggregaié and asphelt rubber
binder that is délivered 10 the drum (in TPH).

- The asphalt rubber binder content for
aeceptance purposes will then be based
upon the Calculated binder content from the
printout obtained that is nearest to the
random number.

The instantaneous readings of asphalt rubber
Binder and dry aggregate shall be synchronized
such that the readings are representative of the
proportions of asphalt rubber binder and dry
aggregate at the instant that they are combined.

Payment shall be based on the provisions of Table
331-6, using the Asphalt Cement Content
(printout) characteristic.

The metering/printer system shall be certified at
least once every six months. Such certification
shall be furnished by an approved certified scale
technician and the Contractor shall be responsible
for obtaining this certification. The metering/printer
system shall maintain an accuracy of one-half
percent for the asphalt rubber binder and one
percent for the aggregate.

337-6.1.3 Continuous-Mix Plants: All
continuous-mix plants producing friction course
mixtures containing asphalt rubber binder shall be
equipped with a metering/printer system as
approved by the District Bituminous Engineer. The
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asphalt rubber binder content for acceptance
purposes will then be based on the calculated
binder content from the metering/printer system
that is obtained based upon the random number.

Payment shall be based on the provisions of
Table 331-6, using the Asphalt Cement Content
(printout) characteristic.

The metering/printer system shall be certified at
least once every six months. Such certification
shall be furnished by an approved certified scale
technician and the Contractor shall be responsible
for obtaining this certification. The metering/printer
system shall maintain an accuracy of 1/2% for
both the asphalt rubber binder and aggregate.

337-6.2 Acceptance on the Roadway: The
bituminous mix will be accepted on the roadway
with respect to density and surface tolerance in
accordance with the applicable provisions of
330-10 and 330-12. There will be no density
requirements for FC-2.

337-6.3 Additional Tests: The provisioné of
331-5.5 shall apply to the friction courses FC-2
and FC-3.

337-7 Special Construction
Requirements.

337-7.1 Temperature Requirements
for FC-2:

337-7.1.1°Air Temperature at Laydown: The
mixture shall be spread only. wheriihe air
temperature (the temperature in the shade away
from artificial heaf) is at or above 60°F.

337-7.1.2 Temperature of the Mix: The asphalt
rubber binder and aggregates shall be heated and
combined in such a manner as to produce a mix
having a temperature, when discharged from the
pugmill, of 290°F. The tolerance from this
established temperature shall be as specified in
Table 330-1. All other requirements of 330-6.3
shall apply to FC-2.

337-7.2 Temperature Requirements for
FC-3:

337-7.2.1 Air Temperature at Laydown: The
mixture shall be spread only when the air
temperature (the temperature in the shade away
from artificial heat) is at or aboyve 45°F.

337-7.2.2 Temperature of the MixX; The asphalt
rubber binder and aggregates sh@ll'be heated and
combined in such a manner a& {o produce a mix
having a temperature, when discharged from the
pugmill, of 310°F. The tolerance from this
established temperatufé Shall be asispegcified in
Table 330-1. All other requireéments 0 330-6.3
shall apply to FC3.

337-7.3 Compaction of FC-2: Only seal rolling
will be required; this rolling wili be accomplished
usingya tandern sieel-wheel roller. The weight of
the steel-wheel (oller shall not exceed 135 pounds
per linear inch (PLI of drum width.

Total Weight of Roller (pounds)
Total width of Drums (inches)

PLI =

Rolling shall be accomplished with a single
coverage and with a nominal amount of overlap.
Where the lane being placed is adjacent to a
previously laid mat, the longitudinal joint will not
be pinched in a manner with the roller on the cold
mat. The longitudinal joint will be pinched with the
roller on the mat being rolled, overlapping onto the
cold mat by no more than three inches.

In no case shall a roller be allowed on the mat
after the seal rolling has been completed.

337-7.4 Prevention of Adhesion: In order io
minimize adhesion to the drum during the rolling
operations, a small amount of liquid detergent may
be added to the water in the roller.

At intersections and in other areas where the
pavement may be subjected to cross-traffic before
it has cooled, the approaches shall be sprayed
with water in order to wet the tires of the
approaching vehicles before they cross the
pavement.
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337-7.5 Thickness of Friction Courses: The
thickness of the friction course shall be designated
in the plans. This is the minimum desirable
thickness for FC-3 and the maximum desirable
thickness for FC-2. The minimum spread rate for
FC-2 shali be 25 pounds per square yard when
lightweight aggregates are used and 40 pounds
per square yard when conventional aggregates
are used.

337-7.5.1 Thickness Requirements—Tonnage
Payment: For FC-2 mixes where payment is on a
tonnage basis, the rate of application shown on
the plans shall be considered approximate. The
intent is to achieve the maximum thickness of the
friction course shown in the plans. Particular care
must be exercised to avoid exceeding the
established rate of application for FC-2 mixes.

337-7.5.2 Thickness Requirements—Square
Yard Payment: The thickness shall be determined
in accordance with 330-15.1 except that the
average thickness will not be calculated. Cores
will not be taken in areas where thedriction gourse
is being transitioned in thickness to@&inta’ an
existing surface. The maximum allowable
deficiency from the thickness specified in‘the
plans shall be 1/4 inch. If any ared'is deficient in
thickness by more than the alldgwable tolerance,
the Contractor shall correct the deficiency liy
removing and replacing Aig friction course at the
proper thickness. Thickness defiGiéncies may be
corrected by overlaying if\approved by the
Engineer, The overlay shalhextend 50 feet either
side of the déficient area and shall extend across
the full'width of'the feadway.

As an exception 16 the foregoing, if the Engineer
determines that the friction course will satis-
factorily perforin its intended function without
corrective work, the friction course may be left in
place without compensation. The area for which
no payment will be made shall be the product of
the total distance between cores indicating
thickness within tolerances and the width of the
lane which was laid in the particular pass in which
the deficient thickness occurred. Additional cores

will be taken as necessary to define the limits of a
deficiency. Open-graded friction courses will not
be cored for thickness determinations.

337-7.6 Hot Storage of FC-2 Mixes: When surge
or storage bins are used in the normal production
of FC-2, as with the drum mixer plants, the
maximum time the mix is allowed to remain in the
surge or storage bin shall not extéed one hour.

337-7.7 Longitudinal Grade Controis for Open-
Graded Friction Courses: On open-graded
friction courses, the use of the longitudinal‘grade
control (skid, ski, arfféueling Siringline)(|s
prohibited. Thedise of the joint mateher is
required.

337-7.8 Transporiation Refiuirements of
Friction Course Mixtures: All loads of friction
course mixtureés shall be covered with a tarpaulin
as specified I 320-6.4.

237-8 Method of Measurement.

337-8.1 Payment Based on Area: When the
plans indicate that the friction course is to be paid
for on an area basis, the area to be paid for shall
be plan quantity subject to 9-3.2. The pay area
shall include entire areas of transitions to tie into
existing pavement but excluding areas for which
no payment is to be made due to deficient
thickness as defined in 337-7.5. No adjustment to
the area to be paid for will be made for extra
thickness.

337-8.2 Payment Based on Weight: When the
plans indicate that the friction course is to be paid
for by weight, the weight shall be determined as
provided in 320-2 (including provisions for the
automatic recordation system).

For FC-2 mixes, in the event the actual rate of
application exceeds the rate established by the
DOT Lab (as provided in 337-7.5.1) by in excess
of ten pounds per square yard, the weight to be
paid for shall be reduced to a theoretical quantity
computed as the product of the actual area
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covered by the friction course and the established
rate of application plus ten pounds per square
yard.

337-8.3 Bituminous Material: The provisions of
331-6.4 apply to bituminous materials used in
friction course mixes.

337-9 Basis of Payment.

337-9.1 Asphalit Rubber Binder: The bid price
for the friction course mix shall include the cost of
the asphalt cement, ground tire rubber, anti-
stripping agent and blending and handling of the
asphalt rubber binder in the friction course mix.
The bid price for the friction course shall be based
on the following asphait rubber binder contents:

Asphalt Rubber Binder Content (%)

Mix Type - by weight of total mix
FC-2 7.1’
FC-3 6.5

NOTE:
1 13.8 for FC-2 with lightweight aggregate.

If the asphalt rubber binder content in the
approved mix design increases or decreases from
the foregoing percentages, the bid price of the mix
will be adjusted based on the invoigé price of the
asphalt rubber binder material pli§ ten percent of
the invoice price. When the asphalt rubber bifider
is blended at the asphalt piént, the invoice price
will be a combination ofdh& invoice price forthe
asphalt cement, the ground tire rubberand-the
blending ef,the asphalt rubbenbinder.
(ARBC Design - ARBGC. m 100 Ib/sy-in
8.6 Ibrgal

Adjustment ($/8)) =t (1P} 1.10

where

ARBC 75p/e' — Asphalt Rubber Binder

Content (%) from above table,

ARBCDesign N /:\sphalt Bubbe_r Binde.r Content (%)
in'the mix design, as issued by the
Materials Office,

t = Design Thickness (inches),

1P = Invoice Price.

As an example, when the asphalt rubber binder
content for a FC 3 mix is determined to be
7.0 percent, the adjustment shall be calculated
as follows: ~
$ per square yard = t x (.005 x 100 lb/sy -in/
8.6 Ib/gal) x Invoice Price x 1.10

.005, and other variables are defined above.

*For FC-2 the ib/sy-inch will be based on‘the
average spread rate for the pi@lect, and the
thickness will not be needed.

The contract unit price per@guare yard for
Asphaltic Concrele Frictior Course shall be full
compensation, for @ll the work specified under
this Section.

Payment,shall be made under:
tem No. 38¢-5

Asphaltic Concrete Friction
Course

—  per square yard.

I. Ground Tire Rubber for Use in
Asphalt Rubber Binder.
(FA 9-12-94) (REV 5-25-94)

SECTION 919 (Pages 253-255) of the
Supplemental Specifications is deleted and the
following substituted:

Section 919

Ground Tire Rubber

for Use in Asphalt Rubber
Binder

919-1 Description.
This specification governs ground tire rubber for

use in asphalt rubber binders for use in a variety
of paving applications.
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919-2 General Requirements.

The ground tire rubber shall be produced from
tires such that the final processing is an ambient
grinding method. The rubber shall be sufficiently
dry so as to be free flowing and to prevent
foaming when mixed with asphalt cement. The
rubber shall be substantially free from
contaminants including fabric, metal, mineral, and
other non-rubber substances. Up to four percent
(by weight of rubber) of talc or other inert dusting
agent may be added to prevent sticking and
caking of the particles.

919-3 Physical Requirements.

The physical properties of the ground tire rubber
shall be determined in accordance with FM 5-559
and shall meet the following requirements:

Specific Gravity—1.10 = 0.06
Moisture Content—Maximum 0.75%
Metal Contaminants—Maximurfi 8.01%

Gradation—The gradation shall meet the
limits shown in Table 919-1 for.the type o
rubber specified. ‘

TABLE 919-1
Gradations of Groufnd Tire Rubber

e 5

919-4 Chemical Requirements.

The chemical composition of the ground tire
rubber shall be determined in accordance with
ASTM D 297 and shall meet the following
requirements:

Acetone Extract—Maximurmy25 percent.

Rubber Hydrocarbon Content—40Q to 55
percent.

Ash Content—Maximui 8 percent.
Carbon BlagiiBortefit-20 1040 percent.

Natural Rubber—46 to 45 percent.
10 pglcentiordype A rubber.

919-5 Packaging and identification
Requirements.

The ground tire rubber shall be supplied in
maisture resistant packaging such as either
dispogable bags or other appropriate bulk
eontainers. Each container or bag of ground tire
rubber shall be labeled with the manufacturer’s
designation for the rubber and the specific type,
maximum nominal size, weight and
manufacturer’s batch or lot designation.

919-6 Certification Requirements.

The manufacturer of the ground rubber shall
furnish the Engineer certified test results covering
each shipment of material to each project. These
reports shall indicate the results of tests required
by this specification. They shall also include a
certification that the materia!l conforms with all
requirements of this specification, and shall be
identified by manufacturer’s batch or lot number.
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Standard Specifications for Public Works
Construction—1994 ("Green Book")*

PART 6

Section 600—Modified Asphalts,
Pavements and Processes

600-1 Requirements.

600-1.1 General. Section 600 covers various
processes for both wet and dry crumb rubber
materials and methods. Other products may be
added as they are developed. The types of
methods all utilize whole scrap tire crumb rubber.
These specifications were developed to provide
quality products that should produce reasonable
results. While the specifications have been
developed, the engineering properties are still
being evaluated. The Engineer shouldevaluaté
the various methods and specify those fo\be
considered for bidding in the project
Specifications.

600-1.2 Mix Designs and Certifications. The
Contractor shall furnish to the Engineer a mix
design and samples of alldnaterials, to be used at
least 15 working days before constiugtion is
scheduled to begin. The mix design and
certifications, shall include, But are not limited to,
the following inférmation:

1) Mix Design:
a) Combified aggregate gradation.

by Individual bin gradations (hot for batch,
cold for drum plant).

c) Percentage of each component (asphalt,
CRM, and bins).

d) Source and paving gragde of asphalt.

e) Density.
f)  Air voids.
g) Voids and Mineral Agaregate (VIMA).
h) Stability,
2) CRM:

a) Source of CHRM.
b) Identification efhGrade of CRM.

600-1.3 Refinitions.

Asphalt—A dark brown to black cementitious
material in which the predominating constituents
are bitumins which occur in nature or are obtained
i petroleum processing.

Asphalt Modifier (extender oil}—An aromatic oil
used to supplement the asphalt/crumb rubber
modifier reaction.

Asphalt-Rubber (AR)—Asphalt cement modified
with crumb rubber modifier.

Buffings—High-quality scrap tire rubber which is
a byproduct from the conditicning of tire carcasses
in preparation for retreading.

Crackermill—A process at ambient temperature
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.

*Permission has been granted by Building News to reprouu.e this section of the Green Book.
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Crumb Rubber Modifier (CRM)}—A general term
for scrap tire rubber that is reduced in size and is
used as a modifier in asphalt paving materials.

Cryogenic SeparatibnwAn initial process that
freezes the scrap tire rubber for the separation of
steel and fabric from used tire rubber.

Diluent—A lighter petroleum product (typically
kerosene) added to asphalt rubber binder just
before the binder is spray applied to the pavement
surface.

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.

Granulated CRM—Cubical, uniformly shaped, cut
crumb rubber particles with a low surface area
which are generally produced by a granulator.

Granulator—Process that shears apart the sefap
tire rubber, cutting the rubber with revalving Steel
plates that pass at close tolerance, reducing the
size of the rubber to a crumb particle.

Ground CRM—Irregularly shapgd, torn crumb
rubber particles with a large surface area which
are generally produced by a crackermill.

Hot-Mix Asphalt (HMA)- HMA is used
genericallipto include many different types of
mixes produced ahelevated temperatures in an
asphalt plant. Three types.of HMA are dense-
graded, open-graded, and gaprgraded.

Reaction—THhe interaction between asphalt
cement and crumb rubber modifier when blended
together. The reaction, more appropriately defined
as polymer swell}is not a “chemical reaction.” It is
the absorption of aromatic oils from the asphalt
cement into the polymer chains of the crumb
rubber.

Rubber Aggregate—That portion of the crumb
rubber modifier added to a hot-mix asphalt

mixture using the dry process which retains its
physical shape and rigidity. '

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

Shredding—The initial process that reduces the
whole scrap tires into pieces.

Asphalt-Rubber and Aggregate Membrane
(ARAM [SAM])—surface trealment using an
asphalt-rubber spraym@pplicaticn and cover
aggregate.

Asphalt-Rubber and Aggregate Membrane
Interlayer (ARANMI [SAMI)])-~A membrane
beneath an'overlay desighed to resist the
stress/strain 0f reflective cracks and delay the
propagatien of the cracks through the new
overlay. The membrane is a spray application of
asphalt-rubber binder and cover aggregate.

Wet Proeess—Any method that blends crumb
rubber modifier with the asphalt cement prior to
incorporating the binder in the asphait paving
project.

600-2 Crumb Rubber Modified
(CRM) Binders and Pavements—
Wet Process.

600-2.1 Asphalt-Rubber.

600-2.1.1 General. Asphalt-rubber shall consist of
a mixture of paving asphalt and crumb rubber
modifier (CRM) and shall conform to Type A, B, C,
or D or as specified or contained in the Contract
Documents.

600-2.1.2 Type A. Asphalt-rubber shall be a
combination of whole scrap tire CRM, paving
asphalt, and diluent (when required for spray
applications) conforming to 600-2.

600-2.1.3 Type B. Asphalt-rubber shall be a
combination of whole scrap tire CRM, natural
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CRM, paving asphalt, and asphalt modifier
conforming to 600-2.

600-2.1.4 Type C. Asphalt-rubber shall conform to
all of the requirements for Type A asphalt-rubber,
but may substitute a maximum of 3 percent total
binder weight of natural rubber in lieu of any
whole scrap tire CRM quantities.

600-2.1.5 Type D. Asphalt-rubber shall be a
combination of whole scrap tire CRM, natural
CRM (slightly less than Type B), paving asphalt,
and asphalt modifier conforming to 600-2. /

600-2.2 Materials. The Contractor shall submit
test reports and certificates of compliance for the
asphalt, CRM’s, diluent, or modifier to be used. In
addition, when requested by the Engineer, the
Contractor shall submit samples of the tested
material along with the certificates of compliance.

600-2.2.1 Paving Asphalt. The asphalt used for
asphalt-rubber shall be AR 2000 or AR 4000
conforming to 203-1. Any proposed change to e
viscosity grade, as specified, shall be submittéd to
the Engineer by the Contractor 48 hours prior o
beginning work. The asphalt for Type B or Type D
asphalt-rubber shall be modified with' an asphait
modifier meeting the requirementg of Table 600-
2.2 (B).

600-2.2.2 Crumb Rubber, Modifier (CRM). The
material shall be whole serap, tire crumb rabber or
other crumBribber products meeting the
requirements of thisysubsectior. Steel and fiber
separation may empioy any,method. Cryogenic
separation shall be periormed se&parately from
and prior to gringifig or granulating. All CRM shall
be ground or granulated at ambient temperature.
CRM may contaifl @ maximum of 0.01 percent of
wires and all othef €ontaminants, except fabric
which shall not exceed 0.5 percent by weight of
CRM. CRM used in spray applications shall have
less than 0.1 percent, by weight of CRM, of wires
and fabric. CRM for use in spray applications may
be produced all or in part from tire tread buffings

in order to meet the maximum fabric requirements
of this-subsection. CRM shall be dry and free-
flowing. Calcium carbonate or talc may be added
up to a maximum of 4 percent by weight of CRM to
prevent CRM particles from sticking together. The
CRM shall have a specific gravity range from 1.1
minimum to 1.2 maximum as determined by ASTM
D 297. Whole scrap tire CRM shall be derived from
whole scrap tires generated withinthe State
boundaries of the user agenciesgWholeé scrap tire
CRM material shall conform td the followifig
chemical analysis in Table 600-2.2.2 (A):

TABLE 600-2.2:2 (A)

Ihe naturaP’CRM used in Type B and Type C
asphalt-rubber shall meet the following chemical
analysis in Table 600-2.2.2 (B):

TABLE 600-2.2.2 (B)'

NOTE

1. Tennis ball manufacturing scrap rubber is the primary
known source for this material.

The combined whole scrap tire CRM and natural
rubber CRM material used in Type D asphalt-
rubber shall conform to the combined chemical
analysis in Table 600-2.2.2 (C). Whole scrap tire
CRM shall meet the chemical analysis in Table
600-2.2.2 (A). The natural CRM shall conform to
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the chemical analysis in Table 600-2.2.2 (B) or
Table 600-2.2.2 (D).

Type D CRM shall conform to the requirements of
600-2.2.2. Type D CRM shall conform to the
combined gradation, Table 600-2.2.4 (A). The
asphalt modifier shall meet the requirements of
Table 600-2.2.5 (B).

TABLE 600-2.2.2 (C)
5

TABLE 600-2.2.2 (D)
f T

600-2.2.3 Formulations and Certifications:

The Contractor shall supply ta the Engineer for
approval a binder formylation and.samples of all
materials to be usedgat least 15 workingdays
before construction is §cheduled to begin. The
bindepddmmulation shall censist of the following
information:

Paving Asphalt.

1)  Source of paving asphalt and grade of
asphali cement.

2) Source and grade of additives used.

3) Percentage of asphalt cement and additives
by total weight of the asphalit-rubber blend.

CRM.
1) Source of CRM.
2) lIdentification or grade of CRM.

3) Percentage of CRM by dbtal weight of the
asphalt-rubber blend.

If CRM from more thandne souree is used,
the above information/will be requiréd for
each CRM used.

Minimum Brdokfield Viscosily msing a Number
3 rotor.

Lab@ratory teéi results of the proposed blend
per the test parametels for the type of
asphalt-tubber seleCted including the
minimuf mixing reaction time.

When permitted by the Engineer, asphalt-rubber
material, not used on another agency’s project,
may beyused by another agency if the initial using
agency certifies the following:

1)" The total gailons and type of material being
held over.

2) The amount of CRM contained within the
holdover load on a percentage basis.

3) The grade of paving asphalt used and its
source.

4) Date of original mixing.
5) Number of reheat cycles.

The Contractor shall notify the Agency at least 4
hours in advance of the need for a holdover load
certificate. If, through no fault of the Contractor,
the Agency is not able to provide the Contractor
with a holdover certificate before the end of the
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shift which resulted in the holdover material, the
Contractor and the asphalt-rubber supplier shall,
under the penalty of perjury, certify to the above
criteria. The maximum percentage of material held
over shall not exceed 33 percent of the total
amount of finished blended material contained in
any vessel. In no case will more than 20 tons of
holdover asphalt-rubber material be allowed to be
transferred from one project to another. In all
cases, the holdover asphalt-rubber material
blended with new asphalt-rubber binder shall meet
the viscosity requirements of the type being used.

Holdover material shall meet all of the following:
1) It shall be certified.

2) It shall not exceed the 33 percent blending
requirements set forth above.

TABLE 600-2.2.4 (A)

NOTES

1. CRM from more than one saurée may be used provided
the corfibinéd,CRM gradation feeéts the specified limits.
No particles shalllexceed a length 0fi1/4 inch as
measured on any axis.

2. CBM gradations shéll be determined per ASTM C 136
with the followingdmodifications: To a 100 gram sample
of CRM add'6.0 grams of talc. Mix the CRM and talc for
a minimum of 1 minute in a sealed pint size jar and
shake by hand or stir until particle agglomerates/clumps
are broken and thetalc is uniformly mixed. After sieving
the combined matérials for 10 minutes, sum the total
weight of the contents of each sieve, including the pan,
and subtract 100. The remainder is to be subtracted
from the bottom pan contents. This is the adjusted
bottom pan contents, accounting for the talc used. If the
sum of the weights is less than 103.5 grams or greater
than 105.0 grams, the test shall be repeated with a new
sample. The procedure is not applicable to CRM’s with
greater than 30% passing the No. 50 sieve.

TABLE 600-2.2.4 (B)'

i

TABLE

&

NOTES

1. Type,B CRM shall contain 25x2 percent (by total weight
of GHRM) natural rubber. No particles shall exceed a
lengtriof 1/4 inch as measured on any axis.

2.CASTM C 136 modified per Table 600-2.2.4 (A).

3) It shall be a maximum of 20 tons.

4) When blended with new asphait-rubber
material it shall meet the requirements of the
type being used.

600-2.2.4 Type A. Type A CRM shall conform to
the requirements of 600-2.2.2 and conform to the
combined gradations for either Type | or Type 1l in
Table 600-2.2.4 (A). The asphalt-rubber diluent
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(kerosene) shall be compatible with all other
materials and meet the requirements in Table 600-
2.2.4 (B).

600-2.2.5 Type B. Type B CRM shall conform to
the requirements of 600-2.2.2 and shall conform to
the combined gradations in Table 600-2.2.5 (A).
The asphalt-rubber modifier shall meet the
requirements in Table 600-2.2.5 (B).

600-2.3 Mixing.

Mixing of the asphalt and CRM shall be
accomplished as specified herein for the type
being furnished.

600-2.3.1 Type A Asphalt-Rubber. The
proportions of the two materials, by weight, shall
be 80 + 3 percent asphalt and 20 + 3 percent Type
A CRM. For spray application, the minimum CR
content shall be 20 percent. The asphalt-rubber

TABLE 600-2.3.1 (A)'

NOTE

1. Properties specified are to be measured before the
addition of diluent. The amount of allowable diluent shall
be determined by prior testing in advance of use.

binder shall meet the physical parameters in Table
600-2.3.1 (A) for the climate specified when
reacted at 350°F + 25°F for 30 to 60 minutes in
the laboratory and at the time of use on the
project. If diluent is used, the sample shall be
obtained prior to the addition of diluent when
testing for conformance withdhe physical
parameters in Table 600-2.3. T (&),

The temperature of the asphali'shall be between
375°F minimum and 450°F maximum at the
addition of the CRM. The témperature shall not
exceed 10°F below the actual flash point of the
mixture. The CRM shall be,combined@nd mixed
together in an @sphalt-rubber mechanical blender
meeting the reguireménts of 600-2.4. The
combined asphaltéand CRM ghall be pumped into
a storageffeaction fank ordistributor truck meeting
the requirements of 6U0-2.4 and allowed to react
fOr @period of time as required by the Engineer,
which shalhbe Based on laboratory testing by the
asphalt-rubber supplier. The required
rmixing/reaction time shall be 30 minutes minimum
to 60 minutes maximum. The temperature of the
asphaltsrubber mixture shall be between 325°F
mihimum to 375°F maximum during the reaction
period.

For spray applications, after the full reaction has
occurred, the mixture may be diluted with a diluent
per 600-2.2.4. The amount of diluent used shall be
0 percent minimum to 5 percent maximum, by
volume, of the asphalt-rubber mixture as required
for adjusting viscosity for spraying or better
wetting of the screenings. The temperature of the
mixture shall not exceed 350°F at the time the
diluent is added. The asphalt-rubber material may
be utilized immediately following reaction. The
application temperature shall be between 325°F
minimum and 400°F maximum. The application
temperature shall not be higher than 10°F below
the actual flash point of the mixture.

If the material is not to be used within 6 hours of
mixing, the heat shall be discontinued. The
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material shall be uniformly reheated to a
temperature between 325°F minimum and 400°F
maximum at time of use. Additional diluent,
asphalt, and/or CRM, meeting the requirements of
this subsection, may be added as needed. The
cumulative amount of additional diluent shall not
exceed 3 percent of total binder weight. The
cumulative amount of additional CRM shall not
exceed 10 percent of total binder weight. The
cumulative amount of additional asphalt shall be
such that the resulting asphalt-rubber binder
conforms to the minimum CRM content as
required in 600-2.3.1. The maximum number of
reheating cycles shall not exceed three. Any time
the material cools to below 300°F or is held above
375°F for more than 6 hours after mixing shall
constitute a reheat cycle. Reheated asphalt-rubber
binder shall conform to the requirements of the
approved blend formulation as required in Table
600-2.3.1 (A).

600-2.3.2 Type B Asphalt-Rubber. Shall consist
of the following:

1)  Paving asphalt conforming to AR 4000 grade
in 600-2, crumb rubber modifier (CRM)
conforming to 600-2.2.2 and Table 600:2.2.5
(A), and asphalt modifier confafinifg to Table
600-2.2.5 (B).

2) The percent of asphalifinodifier shall be |
percent minimum to 6 percent maximuni By
volume of paving‘asphalt. The exact amount
to be added shall be'the amount in the binder
forfulation, submitted andhapproved by the
Engineer. :

3) The proportiofs of the twa materials, by weight,
shall be'80¢& 2 percent paving asphalt with
modifier and 20 + 2 percent CRM. The CRM
shall contaift & minimum of 75 percent
+ 2 percent ¢iumb rubber derived from whole
scrap tire rubber with the balance of the crumb
rubber obtained from natural rubber sources
conforming to Table 600-2.2.2 (B).

The temperature of the blended asphalt and
modifier shall be between 375°F minimum and
450°F maximum when the CRM is added. The
temperature shall not exceed 10°F below the
actual flash point of the mixture. The CRM shall
be added and mixed with the asphalt-modifier
blend in an asphalt-rubber blefider conforming to
600-2.4. The combined materials shall be pumped
into a storage/reaction tank or distributor truck
meeting the requirements of £00-2.4.< e
combined materials shall be allowed to reaet for a
period of 30 minutes minimum after incorporation
of all the CRM. Thedemperature of the gOmbined
materials shall bg maintained between 375°F
minimum and 425°F maXimumi during the mixing
period. Agitation ok récirculation shall be adequate
to provide good mixing and dispersion of the
combined malerials. The asphalt-rubber material
mayibe utilized immediately following reaction.
The application temperature at the time of use on
the project shiall be between 375°F minimum and
428°F maximum.

After reaction, the AR 4000, asphalt modifier, and
CHI, the asphalt-rubber binder shall conform to
the requirements in Table 600-2.3.2 (A).

If the material is not to be used within 6 hours of
mixing, the heat shall be discontinued. The
material shall be uniformly reheated to a
temperature between 375°F minimum and 425°F
maximum at time of use. Additional CRM mesting
the requirements of 600-2.2.2 may be added as
needed. The cumulative amount of additional
CRM shall not exceed 10 percent of total binder
weight. The maximum number of reheating cycles
shall not exceed three. Anytime the material cools
to below 300°F or is held above 375°F for more
than 6 hours after mixing, it shall constitute a
reheat cycle. Reheated asphalt-rubber binder
shall conform to the requirements in Table 600-
2.3.2 (A).
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TABLE 600-2.3.2 (A)

600-2.3.3 Type D Asphalt-Rubber. Asphalt
modifier conforming to Table 600-2.2.5 (B) shall be
2 percent minimum to 6 percent maximum, by
volume of the paving asphalt. The exact amount
to be added shall be the amount submitted in the
binder formulation and approved by the Engineex

The proportions of the two materials, by weight,
shall be 80 + 2 percent paving asphalt and
modifier and 20 x 2 percent CRM. The CRM shall
contain a minimum of 77 percent crumbyrubber
derived from whole scrap tire (CRM) with the
balance of the crumb rubber obtained fromi natural
rubber sources. The combined CBM shall meet
the chemical analysis in Table 600-2.2.2 (C).

The temperature of the blefided asphalt and
modifier shall be betweeh 350°F finimum and
450°F maximum whert CHM is added. The
temperature shall not exceed, 10°F below the
actual flash paint of the mixturé, The CRM shall
be added rapidiy-anthbe mixedand reacted with
the asphall-modifier blend fora period of 30
minutes minimuni after incorporation of all the
CRM. The temperature of the combined materials
shall be maintained between 350°F minimum and
425°F maximumi during this period. Agitation or
recirculation shall’'oe adequate to provide
thorough mixing and dispersion of the combined
materials.

Following reaction, the paving asphalt, asphalt
modifier, and CRM, the asphalt-rubber binder shall

TABLE 600-2.3.3 (A)

conform to the requireménts infTable 600-2.3.3 (A)
at the timeof use endhe project.

The asphalttubber binder material may be utilized
immediately iollowing reaction. The application
temperature shall be 350°F minimum and 425°F
maximum. However, if the material is not to be
used within 6 hours of mixing, the heating shall be
disconiinued.

1The material shall be uniformly reheated to a
temperature between 350°F minimum and 425°F
maximum at the time of use. Additional CRM
meeting the requirements of 600-2.2.2 may be
added as needed. The cumulative amount of
additional CRM shall not exceed 10 percent of
total binder weight. The maximum number of
reheating cycles shall not exceed three. Anytime
the material cools below 300°F or is held above
375°F for more than 6 hours after mixing, it shall
constitute a reheat cycle. Reheated asphalt-rubber
binder shall conform to the requirements in Table
600-2.3.3 (A).

600-2.4 Equipment. Equipment utilized in
preparing, distributing, and storing asphalt-rubber
shall include the following:

1) Asphalt Heating Tank. An asphalt heating
tank with a hot oil heat transfer system or
retort heating system capable of heating
asphalt cement to the necessary temperature
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for blending with the CRM. This unit shall be
capable of heating a minimum of 2,500
gallons of asphalt.

Blender Equipment Types. All blending
materials shall be measured using devices
approved by the Engineer:

(a)

(b)

Blender I: The blender shall consist of
a mixing chamber within a 400-gallon
tank. A mixer head assembly consisting
of a shear plate and double suction
cones shall be used for mixing, and
shall be located on a shaft within the
mixing chamber. The RPM’s of this shaft
shall be maintained between 2,500 and
3,500 during the mixing process. Auger-
style mixing shall not be used. The 3)
internal mixing chamber shall have a
3/4-inch- mesh screen at the bottom that
all asphalt-rubber material shall exit
through after being subjected to the
mixing process. The mix process shall
be continuous and shall prodice a
homogeneous mixture of asphalt and
CRM that conforms to the specified
ratios of the approved blend formulation. 4)
An asphalt-totalizing metér, CHM feed-
system meter, and a biénd-ratio meter
shall be used to maintaih component
percentages durifig the mixing process.
The blendingainit shall haveia sepfirate
asphalt-feed pump and finished-product

pump.

Blender it ThHeyblender shall have a
twosstage‘continuous mixing process
capablé of producing a homogeneous
mixture of asphalt cement and CRM at
the mix design specified ratios of the
approved blend formulation. This unit
shall be equipped with separate feed
systems for CRM and asphalt cement,

-and be capable of properly proportioning

all the materials in a continuous
blending operation. It shall be capable of
fully and uniformly blending the

individual rubber particles with the
asphalt. A separate asphalt-cement feed
pump and finished-product pump are
required. This unit shall have both an
asphalt-totalizing meter in galions and a
flow-rate meter in galions per minute,
unless other devices,are approved by
the Engineer.

(c) Blender lll: Blending@quipment shall
produce a homogeheous blend and
uniform product, conforming to the
physical properties @f the type being
used, asa@nfiethby consistentviscosity
testingdising a Brookfield viscometer
and approvedby the Engineer.

Storage/Reaction Tank. The asphalt-rubber
storage/réaction tank'shall be equipped

with a heating system to maintain a
starage/reaction temperature of 425°F
maximum during the reaction period. This
unit shall be capable of sustaining thorough
agitation to maintain a uniform mixture of
asphait and CRM.

Distributor Truck. Distributor trucks shall
meet the requirements for distributing
equipment of 203-2.5 and be equipped with
an internal heating device capable of evenly
heating the material to a temperature of
425°F,

In addition, this unit shall have an internal
agitation device capable of sustaining
thorough agitation to maintain a uniform
mixture of asphalt and CRM. The agitation
device in the distributor truck and
storage/reaction tank shall have an indicator
to verify its rotation. The Contractor shall
provide a suitable sampling outlet in the line
connecting the asphalt-rubber storage tank to
the binder weighing system or spray bar in
an asphalt concrete mixing plant or to a
distributor truck. The sampling valve shall be
placed in a readily accessible and
nonhazardous location. A drainage receptacle
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TABLE 600-2.5.4 (A)

shall be provided for flushing the valve prior
to sampling. One gallon shall be drawn fraf
the sampler prior to taking the sample.

All equipment used in heating, curing, and
distributing the asphalt-rubbersh@ibbe
equipped with a thermostati€ heat control
device and an easily accessible, functiogal,
and readable thermométer.

5) Viscometers. The Contractor shall SUpply a
Brogkfield viscometer f0r use by the Engineer
to Verily the viscosity o' the, asphalt-rubber on
all projects wheteya field laboratory is used.
All asphalt conerete bateh plants are required
to have a field faboratory for use by the
Engineer per 8-3.

600-2.5 Crumb Rubber Modified Hot-Mix
Asphalt (CRNM-HMA) Wet Process.

600-2.5.1 General. CRM-HMA shall be the
product of mixing mineral aggregate, asphalt
binder, and CRM at a central-mixing plant and
shall conform to 4-1-4, 203-6, and 600-1.2,
Asphalt Concrete, except as modified herein.

600:2.5.2 Wet Process. A wet-process mix is
defined,as any process which incorporates CRM
into the het paving asphalt by mixing and blending
(@sphalt-rubber) prior to incorporating the binder
willl the aggregate at the central-mixing plant.

600-2.5.3 Materials. The asphalt-rubber binder
shall conform to 600-2.1. Subsection 203-6.2.1
shall not apply.

600-2.5.4 Composition and Grading. Asphalt-
rubber hot-mix—gap-graded (ARHM-GG) will be
designated by class, i.e., ARHM-GG-C, and shall
conform to the requirements of this subsection
and Table 600-2.5.4 (A).

600-2.5.5 Mix Designs and Certifications. The
optimum binder content for ARHM-GG mixes shall
be determined by California Test Method 367
except that Step 2 regarding surface flushing shall
not be used. Voids shall be substituted in selecting
the optimum binder content between 2 percent
minimum to 5 percent maximum as approved by
the Engineer. Compaction shall be in accordance
with California Test Method 304 except for the
following:
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Mixing Temperatures:

Asphalt-rubber = 340°F - 360°F
Aggregate = 290°F - 310°F
Compaction Temperature = 290°F - 300°F

In addition to the formulations and certifications
required in 600-2.2.3 for asphalt-rubber, the
Contractor shall furnish to the Engineer a mix
design and samples of all materials to be used at
least 15 working days before construction is
scheduled to begin. The mix design and
cettifications shall include, but are not limited to,
the following:

1) Combined aggregate gradation.

2) Individual bin gradations (hot for batch, cold
for drum plant).

3) Percentage of each bin.

4) Asphalt-rubber formulation per 600-2.2.3.
5) Density.

6) Air Voids.

7) Voids in Mineral Aggregates (VMA).

8) Stability.

600-2.5.6 Miscellaneous Reguirements.
Miscellangousueguirements shall conform to 203-
6.8 excepl that the temperature of the asphalt-
rubber binder shall be 8300°E,minimum to 400°F
maximum for Type Af C, and'D asphalt-rubber;
and 375°F minimunt to 425°F maximum for Type
B asphalt-rubber when added to the aggregate.
The temperature 0l the aggregate at the time of
adding the asphalt-tubber binder shall be 300°F
minimum to 350°F ‘maximum.

600-2.6 Asphalt-Rubber Hot-Mix—Gap-
Graded (ARHM-GG).

600-2.6.1 General. ARHM-GG shall conform to
the specifications for 302-5 except ARHM-GG

shall consist of one or more courses of an
asphalt-rubber binder and graded aggregate
conforming to 600-2.5 placed upon a prepared
roadbed or base, or over existing pavement. The
courses shall conform to the requirements as
shown on the Plans or in the Specifications.

600-2.6.2 Distribution and Spreading.
Distribution and spreading shall conférm to 302-
5.5 except that at the time of deliveryta the work
site, the temperature of the ARHM-GG shall be
285°F minimum to 325°F maximum. At the
direction of the Engineer, this maximum
temperature may bedaised 10:350%F during cold
climatic conditions! Atmospliéric temperature shall
be 50°F and rising.

600-2.6.3 Rolling. Rollingsshall conform to 302-
5.6 except that\a vibratory roller using the
vibralaryimode shall be used for initial breakdown
folling unless Otherwise directed by the Engineer.
The Initial breakdown rolling shall be completed
before the ARHM-GG temperature falls below
275°F measured immediately in front of the roller.
Freumatic rollers shall not be used.

600-2.6.4 Rock Dust Blotter. At the option of the
Engineer, when traffic conditions warrant, a rock
dust blotter may be required to avoid tracking.
Rock dust blotter shall conform to 200-1.2 and be
uniformly applied using a mechanical spreader at
a rate of 2 pounds minimum to 4 pounds
maximum per square yard. When the ARHM-GG
pavement has cooled to below 150°F, the rock
dust blotter may not be required. Rock dust blotter
placement and sweeping shall be included in the
price bid for other items of work and no additional
compensation will be allowed therefor.

600-2.7 Asphalt-Rubber and Aggregate
Membrane (ARAM) Surfacing or
Interlayer.

600-2.7.1 Screenings. Screenings when used as
a cover aggregate for ARAM shall be crushed
rock conforming to the following gradations in
Table 600-2.7.1 (A):
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TABLE 600-2.7.1 (A}

NOTE

1. Lower percentages are desirable.

Screenings shall be medium 3/8 inch unless
otherwise specified. Screenings shall be
preheated between 260°F to 300°F and
adequately coated with 0.70 percent to 1 percent
viscosity Grade AR 4000 asphalt at the central
mixing plant to prevent free dust. The exact
amount of asphalt shall be recommended by the
Contractor and approved by the Engineer.
Screenings shall conform to the requirements of
Table 200-1.2 (B).

600-2.7.2 General. ARAM surfacing oripieslayer
shall involve cleaning and preparing the exisling
surface, spreading asphalt-rubbér and Cover
aggregate, rolling, and sweeping.

The construction sequefice of @hARAM shall be
as follows:

1)  Thessurface, when specified or as directed by
the Engifiesr, shall be ¢old planed and
repaired.

2) The sukfage shall be cleaned.
3) Asphalt-rubber shall be applied.

4y Cover aggregate shall be placed, rolled, and
loose material removed. Only then will the
ARAM surface be opened to fraffic. A
minimum of 48 hours shall elapse after
placement of the screenings before a siurry
seal conforming to 302-4 may be applied,
unless otherwise directed by the Engineer.

Cerified volume or weight slips shall be delivered
to the Engineer for all materials supplied.

600-2.7.3 Pavement Preparation. Unless
otherwise specified, all cracks 1/4 inch or greater
in width shall be cleaned and sealed with an
approved hot-applied crack g@alant. Holes, spalls,
and cracks greater than 1 inch inywidth shall be
filled and compacted with an F-AR-4000 asphalt
concrete mix. The pavement@hall thembe cleaned
with a power broom.

600-2.7.4 Asphalt-Rubber Constructioh.

(a) General. AGphalt-rubber shall'coniorm to
600-2.3. The Contiactoréhall submit a
manufactirer’steertificate of compliance for
the asphalt‘and crumbdubber.

(b, Application. Asphalt-rubber shall be placed
upon,.a clean dry surface. The pavement
surface femperature shall be a minimum of
55°F in shaded areas; the atmospheric
temperature shall be a minimum of 60°F; the
winel shall not adversely affect spray
distribution; and all necessary equipment
shall be in position and ready to commence
placement operations. The contractor shall
take temperature readings with a temperature
measuring device approved by the Engineer.

Asphalt-rubber shall be applied by distributor
equipment meeting the requirements of 600-2.4
and the following:

1) The distributor shall have a platform on the
rear of the vehicle and an observer shall
accompany the distributor.

2} The observer shall ride in a position so that
all spray bar tips are in full view and readily
accessible for unplugging if a plugged tip
should occur.

3) Material shall be applied at a rate between
0.55 to 0.65 gallons per square yard as
directed by the Engineer.
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4) Material spreading shall not be in excess of
that which can be covered with aggregate
within 15 minutes maximum.

The asphalt-rubber mixture may be applied to the
roadway immediately following mixing, and
reacting at temperature between 350°F minimum
to 400°F maximum for Type A and C, and 375°F
minimum to 425°F maximum for Type B. However,
if the material is not to be used within 6 hours of

- mixing, the mixture shall be allowed to cool below
300°F for 12 hours maximum, or to ambient
temperature for longer periods, and shall be
uniformly reheated to a temperature between
300°F minimum to 425°F maximum at time of
placement and conform to the viscosity
requirements of the types specified.

When joining edges against areas with cover
aggregate, the joint shall be swept clean of
excess aggregate prior to the adjacent application
of asphalt-rubber material. Transverse joints of
this type shall be constructed by placing building
paper across and over the end of thefreviousg
asphalt-rubber application. Once the spraying has
progressed beyond the paper, the paper shall be
removed immediately.

Joints between areas of asphalt/fubber without
cover aggregate shall be made by overlapping
asphalt-rubber distribution§. The ‘exeess material
shall be dispersed by spreading with asgueégee
or rake over a larger area of freshly appiied
asphalt-nibber. The longitudinal joint between
adjacent applications of screenings shall coincide
with the line between designated traffic lines. All
longitudinaljoints shiali be overlapped for
complete coverage. The overlap shall not exceed
4 inches. At longitudinal joints, the edge shall be
broomed back @nd blended so there are no gaps
and the elevations are the same, free from ridges
and depressions.

The application of asphalt-rubber to areas not
accessible with the distributor bar on the truck
shall be accomplished by using pressurized hand
wands or other means approved by the Engineer.

- Application of asphalt-rubber shall be discontinued

sufficiently early in the workday to permit
completion of initial sweeping prior to the
termination of traffic control.

600-2.7.5 Cover Aggregate. Following the
application of asphalt-rubber, cover aggregate
conforming to 600-2.7.1, Screenings, shall be
placed over all areas receiving asphalt-rubber.
Cover aggregate shall be applied (within a
maximum of 15 minutes) at @ temperatuie
between 260°F minimum to 800°F maximumat a
rate of 28 to 40 pounds per square yard as
directed by the Enginger.

The Contractor ghall prévent ahy vehicle,
including cghstruction equipment, from driving on
the uncoveted asphali-rubbef. Cover aggregate
shall be placed with a‘seli=propelled, aggregate-
spieading machine that can be adjusted to
accurately spread the specified amounts per
stuare yard. Trucks for hauling cover material
shall eonform to 302-2.3.

Inhitial rolling shall commence within 90 seconds
folldwing the placement of cover aggregate.
Roliirg shall be accomplished by three self-
propelled, pneumatic-tired rollers meeting the
requirements of 302-5.6.1 except that the tires
shall be inflated to 100 pounds per square inch..
The operating weight of each roller shall be a
minimum of 20,000 pounds. If in the opinion of the
Engineer, complete coverage may be provided by
two rollers in one pass, then two pneumatic-tired
rollers are sufficient. The initial rolling equipment
shall maintain a distance of not more than 200
feet behind the cover-aggregate spreader on the
first pass. There shall be at least four complete
coverages (single pass in one direction) by the
pneumatic-tired rollers before final roller coverage.
A steel-drum roller weighing 8 tons minimum to 10
tons maximum shall complete the final rolier
coverage.

Sweeping shall be a multi-step operation following
final rolling of the aggregate. A power broom shall
be used to remove loose material without
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dislodging aggregate set in the asphalt-rubber.
The initial sweeping shall be a light brooming on
the same day as ARAM placement. The ARAM
shall be maintained free of loose cover aggregate
for a minimum of 5 working days following
placement. During this period, the surface shalil be
swept as necessary to remove any loose cover
material as directed by the Engineer. Final
sweeping shall be done and all loose aggregate
shall be removed prior to acceptance. The
sweeping operations shall be accomplished
without the use of gutter brooms or steel-tined
brooms.

immediately upon opening the street to traffic, the
Contractor shall start removing loose aggregate
from parkways, sidewalks, and intersecting
streets. Both operations shall continue until all
excess or loose aggregate is removed from the
roadway surface and abutting adjacent areas.

At the option of the Engineer, rock dust blotter
material shall be applied immediately@fter the
initial pass of the rollers or after sweeping, but
prior to opening to traffic, to prevent bleeding and
pickup of the asphalt-rubber material, Rock dust
blotter conforming to 200-1.2 shall be uniformly
applied using a mechanical spreader at a rate,of
2 pounds minimum to 4 pounds maximum per
square yard. The Contragior shall include in the
bid price for ARAM the(full cost of applyiing rock

dust blotter to all areas of ARAM, as directed by
the Engineer.

The Contractor shall protect all existing manhole,
valve, survey monument, and other miscellaneous
frames and covers. The Contractor shall
cooperate with the owners of @ny frames and
covers and shall cover and completely protect
them with heavy roofing paper or other suitable
material. Petroleum-based reléase agents shall
not be used for this purpose’

600-2.7.6 Public Convenience and Traffic
Control. The Contfacior ghall prahibitdraffic on
the street until the initial sWeeping is complete.
Prior to opening the stiéets to traffic, “Loose
Gravel,” G6 signs, ahd appropriate speed-
reduction signs confofmingdo local, State, and
Federal regulaiions shall'be posted and
méinfained by the Contractor. These signs shall
remain in place until there is no further dislodging
of the cover aggregate.

600-2.7.7 Measurement and Payment. ARAM
Including asphalt-rubber and cover aggregate will
be paid for at the contract unit price per square
yard. Unless otherwise specified, such price shall
include full compensation for pavement
preparation, furnishing and placing materials
required, including rock dust blotter, and for all
labor, equipment, sweeping, tools, and incidentals
needed to complete the work in place.
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CRM Information Provided by
international Surfacing (continued)
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