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Systematic, well-designed research provides the most effective
approach to the solution of many problems facing highway ad-
ministrators and engineers. Often, highway problems are of local
interest and can best be studied by highway departments individ-
ually or in cooperation with their state universities and others.
However, the accelerating growth of highway transportation
develops increasingly complex problems of wide interest to high-
way authorities. These problems are best studied through a coor-
dinated program of cooperative research.

In recognition of these needs, the highway administrators of
the American Association of State Highway and Transportation
Officials initiated in 1962 an objective national highway research
program employing modern scientific techniques. This program
is supported on a continuing basis by funds from participating
member states of the Association and it receives the full coopera-
tion and support of the Federal Highway Administration, United
States Department of Transportation.

The Transportation Research Board of the National Research
Council was requested by the Association to administer the re-
search program because of the Board’s recognized objectivity
and understanding of modern research practices. The Board is
uniquely suited for this purpose as: it maintains an extensive
committee structure from which authorities on any highway
transportation subject may be drawn; it possesses avenues of
communications and cooperation with federal, state, and local
governmental agencies, universities, and industry; its relation-
ship to the National Research Council is an assurance of objectiv-
ity; it maintains a full-time research correlation staff of specialists
in highway transportation matters to bring the findings of re-
search directly to those who are in a position to use them.

. The program is developed on the basis of research needs identi-
fied by chief administrators of the highway and transportation
departments and by committees of AASHTO. Each year, specific
areas of research needs to be included in the program are pro-
posed to the National Research Council and the Board by the
American Association of State Highway and Transportation Of-
ficials. Research projects to fulfill these needs are defined by the
Board, and qualified research agencies are selected from those
that have submitted proposals. Administration and surveillance
of research contracts are the responsibilities of the National
Research Council and its Transportation Research Board.

The needs for highway research are many, and the National
Cooperative Highway Research Program can make significant
contributions to the solution of highway transportation problems
of mutual concern to many responsible groups. The program,
however, is intended to complement rather than to substitute for
or duplicate other highway research programs.

NOTE: The Transportation Research Board, the National Research Council, the
Federal Highway Administration, the American Association of State Highway and
Transportation Officials, and the individual states participating in the National
Cooperative Highway Research Program do not endorse products or manufactur-
ers. Trade or manufacturers’ names appear herein solely because they are consid-
ered essential to the object of this report.
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PREFACE

FOREWORD

By Staff
Transportation
Research Board

A vast storehouse of information exists on nearly every subject of concern to
highway administrators and engineers. Much of this information has resulted from
both research and the successful application of solutions to the problems faced by
practitioners in their daily work. Because previously there has been no systematic
means for compiling such useful information and making it available to the entire
highway community, the American Association of State Highway and Transportation
Officials has, through the mechanism of the National Cooperative Highway Research
Program, authorized the Transportation Research Board to undertake a continuing
project to search out and synthesize useful knowledge from all available sources and
to prepare documented reports on current practices in the subject areas of concern.

This synthesis series reports on various practices, making specific recommendations
where appropriate but without the detailed directions usually found in hzndbooks or
design manuals. Nonetheless, these documents can serve similar purposes, for each is
a compendium of the best knowledge available on those measures found to be the most
successful in resolving specific problems. The extent to which these reports are useful
will be tempered by the user’s knowledge and experience in the particular problem
area.

This synthesis will be of interest to pavement designers, construction engineers, and
others interested in economical methods for reconstructing or rehabilitating bituminous
pavements. Information is provided on the processes and procedures used by a number
of states to recycle asphalt pavements in place without application of heat.

Administrators, engineers, and researchers are continually faced with highway prob-
lems on which much information exists, either in the form of reports or in terms of
undocumented experience and practice. Unfortunately, this information often is scat-
tered and unevaluated, and, as a consequence, in seeking solutions, full information on
what has been learned about a problem frequently is not assembled. Costly research
findings may go unused, valuable experience may be overlooked, and full consideration
may not be given to available practices for solving or alleviating the problem. In
an effort to correct this situation, a continuing NCHRP project, carried out by the
Transportation Research Board as the research agency, has the objective of reporting
on common highway problems and synthesizing available information. The synthesis
reports from this endeavor constitute an NCHRP publication series in which various
forms of relevant information are assembled into single, concise documents pertaining
to specific highway problems or sets of closely related problems.

Since 1975 a growing number of state highway agencies have reconstructed or
rehabilitated asphalt pavements by recycling the old pavement in place. This report of
the Transportation Research Board describes the processes used for cold in-place
recycling, including construction procedures, mix designs, mixture properties, perfor-
mance, and specifications.



To develop this synthesis in a comprehensive manner and to ensure inclusion of
significant knowledge, the Board analyzed available information assembled from nu-
merous sources, including a large number of state highway and transportation depart-
ments. A topic panel of experts in the subject area was established to guide the
researcher in organizing and evaluating the collected data, and to review the final
synthesis report.

This synthesis is an immediately useful document that records practices that were
acceptable within the limitations of the knowledge available at the time of its prepara-
tion. As the processes of advancement continue, new knowledge can be expected to be
added to that now at hand.
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SUMMARY

COLD-RECYCLED BITUMINOUS
CONCRETE USING BITUMINOUS
MATERIALS

Recycling of existing asphalt pavements offers reduced costs, preservation of geomet-
rics, conservation of aggregates and binders, and energy conservation. Although recy-
cling existed as early as 1915, most asphalt recycling has taken place since 1975.
Asphalt concrete recycling falls into three general types: surface, cold, and hot. This
synthesis is limited to cold in-place recycling with bituminous binders.

Cold in-place recycling benefits include structural improvements without changes in
roadway geometry, treatment of all types of pavement distress, elimination of reflection
cracking, improvement of ride quality, minimal hauling costs, high production rates,
low engineering costs, conservation of aggregates and energy, minimal environmental
problems, and cost-effectiveness. Problem areas include greater construction variation
than central-plant recycling, curing needed for strength gain, strength gain and con-
struction susceptible to climatic conditions, greater traffic disruption, and need for a
wearing surface. Cold in-place recycling has been used primarily on highways with
medium and low traffic volumes. It has been used in at least 24 states, including several
that have constructed numerous projects.

Construction of cold in-place recycling consists of pavement sizing, addition of new
aggregate, addition of new asphalt or recycling agent, mixing, laydown, aeration,
compaction; curing, and application of wearing surface. Some of these operations may
be combined and others may not be used on some projects. The exact equipment and
methods used depend on the agency’s specifications, the contractor’s experience, and
whether the recycling is full- or partial-depth.

Most agencies analyze the recycled pavement for asphalt content and aggregate
gradation. New aggregate is added to the mix to provide additional thickness, to correct
gradation, or to allow for acceptance of new binder. New binder is usually a slow- or
medium-setting asphalt emulsion, although some agencies use a high-float emulsion.

Several state agencies and other organizations have developed mix design procedures
for cold in-place recycling of asphalt pavements. A standard national method is not
available, but certain basic steps are normally included in the mix design process. These
include obtaining samples from the field; processing of samples; evaluation of samples
for asphalt content, asphalt physical properties, aggregate gradation, and recycled
pavement gradation; selection of amount and type of new aggregate; estimation of
asphalt demand; selection of type and amount of recycling agent; testing of trial
mixture; establishment of job mix formula; and adjustment in the field.

Few thickness design guides have been published specifically for cold in-place recy-
cling. Most agencies assume that the structural capacity of the recycled material is



equal to that of conventional materials; they replace conventional material with an
equal thickness of recycled material without a formal structural design.

Comprehensive national data on performance of cold in-place recycling are not
available. Although reports on performance are in the literature, they do not use a
common method of defining performance nor do they provide an equal amount of
project detail. The general performance data reported by states that have constructed
a number of projects indicate that performance has been mostly good or very good,
particularly with respect to cracking.

Economic evaluation of pavement rehabilitation strategies should consider initial
and recurring costs to the agency (initial capital cost, future capital costs for reconstruc-
tion or rehabilitation, maintenance costs, salvage value, engineering) and to users
(travel time, vehicle operation, accidents, discomfort, delay during maintenance or
rehabilitation). Detailed performance histories and thus life-cycle costs are not available
for cold in-place recycling. However, preliminary information indicates that there will
be significant life-cycle cost savings compared with conventional overlay techniques.
The main savings is in material costs and particularly in the cost of asphalt binder.

Specifications for cold-mix recycling have evolved from soil stabilization and from
other cold-mix specifications. Because there is a lack of performance data, users should
remain flexible and allow for as many alternatives as possible in order to produce the
desired product at the least cost. Currently, the experience and knowledge of the user
agency as well as local contractors, equipment manufacturers, and materials suppliers
must be relied on to set the standards for cold-recycling operations.

Cold in-place recycling is a viable engineering and economic rehabilitation alterna-
tive for asphalt-surfaced pavements with moderate to low traffic volumes. It can be
used to strengthen a roadway with minimal change in the vertical cross section. Physical
properties of cold in-place recycled materials are typically between those of an asphalt
concrete mixture and a cold, asphalt-stabilized base material. Because properties vary
from project to project, laboratory tests should be used to establish strength coefficients.
Surfacing materials should be placed on all cold in-place recycled projects.

Research is needed to better define structural coefficients, life-cycle costs, field
density control techniques, laboratory mixture design techniques, equipment that offers
better control of gradation, effects of different diluents in recycling agents, and use of
cold-recycled bituminous materials as a base on high-volume highways.



CHAPTER ONE

INTRODUCTION

BACKGROUND

Recycling or reuse of existing pavement materials for pave-
ment rehabilitation, reconstruction, and maintenance is not a
new concept; literature indicates that pavement recycling existed
as early as 1915 (7). However, the quantity of pavement materials
recycled from 1915 to 1975 is small in comparison to the amount
of recycling that has taken place since 1975.

The engineering community’s interest in recycling starting in
1975 was largely based on economics, with some interest in
energy conservation. During the mid and late 1970s in the United
States there were problems related to (a) reduced funding for
transportation facilities, (b) materials supply, (c) equipment
availability, (d) trained manpower availability, and (e) energy
awareness and availability. Recycling of existing pavement mate-
rials for construction, rehabilitation, and maintenance purposes
offered a partial solution to these problems. Specifically, recy-

cling offered the following major potential benefits compared

with conventional techniques:

e Reduced costs

o Preservation of existing pavement geometrics
o Conservation of aggregates and binders

o Preservation of the environment

o Energy conservation

Because recycling appeared promising from a wide variety
of viewpoints, a number of agencies, including the National
Cooperative Highway Research Program (NCHRP) (2, 3), Fed-
eral Highway Administration (FHWA) (4-10), Corps of Engi-
neers (for the Air Force) (17), and U.S. Navy (12), sponsored
recycling research and implementation studies. Associations and
institutes also contributed to the development of recycling in the
United States. These groups include The Asphalt Institute (13),
National Asphalt Pavement Association (NAPA) (14, 15), Port-
land Cement Association (PCA) (/6), Pacific Coast User-Pro-
ducer Group on Asphalt Specifications (/7), American Society
for Testing and Materials (/8), American Concrete Pavement
Association (ACPA), Asphalt Emulsion Manufacturers Associ-
ation (AEMA), and the Asphalt Recycling and Reclaiming As-
sociation (ARRA). Major research and implementation efforts
were conducted by various state departments of transportation.

Early research, development, and implementation efforts led
to the categorization of four types of pavement recycling:

« Surface recycling

¢ Cold recycling

Hot recycling

« Portland cement concrete pavement recycling

These forms of recycling are addressed in a comprehensive man-
ner in several publications (2, 3, 10, 19-23).

Cold recycling may be performed in-place or at a central plant
(24, 25). The scope of this synthesis is limited to cold in-place
recycling (CIR) with bituminous binders. -Cold recycling at a
central plant and cold in-place recycling with other than bitumi-
nous binders are not discussed.

COLD RECYCLING

Cold recycling is a process that consists of combining without
heat a processed salvaged material, a stabilizing agent, and per-
haps new aggregate. The material produced is expected to meet
the specifications for its end use.

Cold-recycled materials have been used for subbases, bases,
and surfaces. The most common use to date has been for base
courses. Although stabilization with bituminous materials is the
most popular process, literature indicates that lime (26), portland
cement (16, 27-29), and calcium chloride (30) have been used.
Guidelines for selecting the appropriate stabilizer type are con-
tained in Reference 3/. Flow charts of the basic construction
operations for cold in-place recycling are shown in Figures 1 and
2.

COLD IN-PLACE RECYCLING

Two forms of cold in-place recycling with bituminous binders
have evolved in the United States: full-depth and partial-depth.
Full-depth (reclamation/stabilization) cold in-place recycling is
a rehabilitation technique in which the full flexible pavement
structure and predetermined portions of the base material are
uniformly crushed, pulverized, and mixed with a bituminous
binder, resulting in a stabilized base course. Additional aggregate
may be transported to the site and incorporated in the processing.
This process is normally performed to a depth of 4 to 12 in.

Partial-depth cold in-place recycling is a rehabilitation tech-
nique that reuses a portion of the existing asphalt-bound materi-
als. Normal recycling depths are 2 to 4 in. The resulting bitumi-
nous-bound recycled material is often used as a base course but
can be used as a surface course on low-to-medium-traffic-volume
highways. When this form of cold in-place recycling is performed
on an old uniform pavement, a uniform, higher-quality end prod-
uct is expected.

The use of full-depth cold in-place recycling with bituminous
binders probably dates to the 1910s, although available refer-
ences indicate 1966 (32, 33). States with extensive experience
with full-depth cold in-place recycling include California, Indi-
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ana, Kansas, Michigan, Nevada, and New Mexico. A number
of other states have completed numerous projects as identified
later.

Partial-depth cold in-place recycling dates to 1980 with con-
tract-size projects. The states of California, Kansas, Maine, Ne-
vada, New Mexico, Oregon, and Pennsylvania have experience
with this form of cold in-place recycling. Oregon has placed
numerous projects.

The benefits most often cited by those using cold in-place
recycling, regardless of the form (full-depth or partial-depth),
include (3, 22, 32, 34):

o Significant pavement structural improvements may be
achieved without changes in horizontal and vertical geometry
and without shoulder reconstruction.

o All types and degrees of pavement distress can be treated.

o Reflection cracking normally is eliminated if the depth of
pulverization and reprocessing is adequate.

« Pavement ride quality can be improved.

o Hauling costs can be minimized.

e Old pavement profile, crown, and cross slope may be im-
proved.

o Production rate is high.

¢ Only thin overlay or chip seal surfacing is required on most
projects.

o Engineering costs are low.
Aggregate and asphalt binder are conserved.

e Energy is conserved.

e Air quality problems resulting from dust, fumes, and smoke
are minimized.

o It is a cost-effective solution for a number of situations.

o Frost susceptibility may be improved.

o Pavement widening operations can be accommodated.

o It is environmentally desirable, because disposal problems
are eliminated.

Identified problem areas with cold in-place recycling include
3, 22):

« Construction variation is larger for in-place versus central
plant operations. (Partial-depth cold in-place recycling can result
in a uniform pavement layer.)

< Ciiring is:required.for-strength:gaim.

<e=Strength:-gain-and-construction-are.susceptible toclimatic

\-conditions, . including:temperaturezand:moisture -

"« Traffic disruption can be greater relative to other rehabilita-
tion alternatives. (The use of the recycling train greatly reduces
traffic disruption.)

o Placement of a wearing surface is required.

TABLE 1
STATE USE OF FULL- AND PARTIAL-DEPTH COLD IN-PLACE RECYCLING (after 32)*
Agency Yes No Comments Agency Yes No Comments
Alabama . Missouri .
Alaska o Montana .
Arizona . Some concern over low Nebraska .
stability Nevada .
Arkansas . Used for shoulder New Hampshire
California . New Jersey x(1)
Colorado . New Mexico . Wide variety of projects
Connecticut x(1) New York .
Delaware . North Carolina .
Florida x(2) : North Dakota . Very limited experience
Georgia . Used milled mat'l for Ohio . Coal hau! road; base
shoulders Oklahoma .
Hawaii . Hot mix available Oregon .
Idaho . Used some planed Pennsyivania .
mat'l. for shoulders Rhode Island .
lllinois . : South Carolina .
Indiana . South Dakota . Cost not justified
lowa . Hot mix available Tennessee x(1) Good base available
Kansas . Texas . Prefer hot mix
Kentucky . Utah .
Louisiana . Vermont .
Maine . Virginia .
Maryland . Use hot mix Washington .,
Massachusetts  « West Virginia .
Michigan . Wisconsin .
Minnesota X Wyoming . Used cold plant recycling
Mississippi . Dist. of Columbia .

x( ) = experimental (no. of projects)

@The survey did not distinguish between full-depth and partial-depth cold recycling.



Considering the above identified benefits and problem areas,
cold in-place recycling has largely been used on medium-to-
lower-traffic-volume highways as a base course. A listing of
the more comprehensive references on cold in-place recycling is
given below. Those references dealing with full-depth cold in-
place recycling are:

NCHRP Synthesis 54 (1978) (2)

NCHRP Recycling Guidelines (1980) (3, 35)
TRB National Seminar (1980) (19)

Chevron Cold Mix Recycling Manual (1982) (36)
The Asphalt Institute (1983) (37)

Scherocman (1983) (38)

FHWA (1987) (22)

Wood et al. (1988) (32)

References dealing with partial-depth cold in-place recycling are
primarily those based on Oregon research and field experience
(36, 39-43).

k3

EXTENT OF USE

A nationwide survey of cold in-place recycling was conducted
in early 1987 for ARRA (32). This survey did not differentiate
between full-depth and partial-depth cold in-place recycling. Re-
sponses from all state highway agencies as well as numerous
counties, cities, and private contractors were received. Twenty-
four states indicated use of cold in-place recycling, 5 states indi-
cated that they have placed only experimental test sections, and
the remaining 21 states do not use cold recycling (Table 1).
Several states, including California, Kansas, New Mexico, Ore-
gon, and Pennsylvania, indicated that they have constructed
numerous projects. Table 2 provides references for cold in-place
recycling projects in various states based on the literature review
conducted for this synthesis (26, 28, 33, 34, 36, 39, 40, 42,
44-124). Several of the projects referred to in this table were
performed by local government agencies. Based on the ARRA
survey (32), county roads and secondary highways composed
equal proportions of cold in-place recycling projects (31 percent
of responses each). City street projects account for 19 percent

TABLE 2

LITERATURE ASSOCIATED WITH COLD IN-PLACE
RECYCLING PROJECTS

Agency References Agency References
Arizona 39, 44 New Hampshire 89
California 26, 40, 45-50 New Mexico 40
Colorado 57 ’ New York 90
Connecticut 36, 52-54 Ohio 91
Florida 34 Oklahoma 92
Georgia 55 Oregon 36, 39-42
llinois 56, 57 Pennsylvania 93-100
Indiana 58-64 Texas 101-104
lowa 65 Vermont 105-108
Kansas 66-72 Washington 36, 109
Maine 73-75 Wisconsin 110-111
Michigan 33, 76-80 Wyoming 34
Minnesota  87-83 FHWA 112-114
Mississippi 84 Canada 115, 116
Missouri 85 England 117-121
Montana 86 Italy 122

" Nevada 28, 39, 87, 88 Sweden 123, 124

and primary and Interstate highways compose 12 and 7 percent
shares respectively (32).

The literature indicates the use of cold in-place recycling for
all types of roads and structural section components. However,
some agencies restrict its use. Twenty percent of the ARRA
reporting agencies restrict cold in-place recycling to rural areas;
an additional 20 percent limit use to roads with low traffic
volumés. Most agencies'limit the use of cold in-place recycling
to base courses (95 percent). Of these base course projects, 12
percent placed fog, sand, or slurry seals as surfaces; 33 percent
of the projects were surfaced with aggregate chip seals; and 50
percent were surfaced with an asphalt concrete. Three states use
cold in-place recycling for shoulder reconstruction on Interstate
highways (32).



CHAPTER TWO

CONSTRUCTION METHODS

The literature indicates that a wide variety of equipment and
sequence of operations has been used for cold in-place recycling.
The type of equipment and the sequence of operations is largely
dictated by the specifications, the contractor’s experience, and
the type of cold in-place recycling (full- or partial-depth).

Cold in-place recycling consists of nine identifiable operations:

e Pavement sizing

o Addition of new aggregate

e Addition of new asphalt/recycling agent
Mixing

¢ Laydown

Aeration

Compaction

Curing

Application of wearing surface

Many of these operations are combined with a single machine
or operation, whereas others, such as “addition of new aggre-
gate,” may not be necessary on some projects. For convenience
of discussion, several of these operations have been combined.

SIZING AND MIXING OPERATIONS

The methods acceptable for in-place sizing and mixing for
cold-recycling operations can be conveniently separated into four
techniques:

e Multiple-step sequence

o Two-step sequence

« Single machine

o Single-pass equipment train

All of these methods are used for full-depth cold in-place recy-
cling; only the single machine and equipment train are used for
partial-depth cold in-place recycling. These methods are briefly
discussed below.

Multiple-Step Sequence

This method consists of breaking the existing pavement, pul-
verizing the broken pavement, and adding and mixing the stabi-
lizer. Numerous methods are available for breaking up the ex-
isting pavement. Some require simple modifications or additions
to conventional equipment, whereas others make use of special-
ized and sometimes sophisticated machines designed specifically
for this purpose.

The simplest procedure for pavement removal is scarifying or
ripping by means of a motor grader or dozer with front- or
rear-mounted ripper teeth (Figure 3). This is efficient with thin
asphalt concrete layers but tends to dig deeper than desired
and to produce large chunks of reclaimed material that need
additional size reduction (38).

Equipment used for size reduction or pulverizing after initial
scarification includes the following (22):

o Sheepsfoot, grid, or similar roller. Can also be used for
initial scarifying and crushing of thin seal-coat roads (Figure 4).

o Cutter-crusher-compactor attached to rear of a motor
grader with ripper teeth. Combines the scarifying and size-reduc-
tion operation (Figure 5).

e Hammermill (or impact breaker or preparator). Can be
towed or self-propelled (Figure 6).

o Rotary mixer. Self-propelled, single-pass mixer with single
or multiple transverse rotary shafts, each containing multiple
mixing tines or paddles. Can be used for removal, crushing, and
mixing (Figure 7).

The disadvantages of using these types of equipment include
the need for multiple passes of the machine to achieve required
size reduction, limited widths (generally 4 to 5 ft), lack of unifor-
mity in depth of cut, slow production rates, and limitations on
depth of cut.

Methods of mixing for this type of operation include the use
of a blade mixer (Figure 8) and transverse-shaft mixers (Figure
9).

Two-Step Sequence

This method combines the breaking and pulverizing or sizing
steps as described above into a single operation using a cold-
milling machine (Figure 10) or large pulverizing machine (Fig-
ure 11). The stabilizer is then added and mixed in the second step.
Common methods of adding stabilizers in this cold-recycling
approach include the use of soil stabilization mixing equipment
(Figure 12) and traveling mixers (Figures 13 and 14).

Cold-milling machines have a rotating drum lined with a vari-
able number (depending on width) of replaceable, tungsten-car-
bide-tipped cutting teeth to grind the old pavement. The advan-
tages of cold-milling machines for breaking and pulverization
include:

e Accurate control of depth and profile
+ Ability to pulverize and size in a single pass, resulting in
less interference with traffic



FIGURE 4 Roller for size reduction. FIGURE 6 Traveling hammermill.

FIGURE 5 Motor grader with cutter-crusher-compactor. FIGURE 7 Single-shaft rotary mixer for size reduction.



FIGURE 8 Blade mixing. FIGURE 11 Large pulverizing machine for pavement removal
and sizing.

FIGURE 12 Soil stabilization mixing equipment for adding
FIGURE 9 Transverse-shaft mixer for mixing. stabilizer.

FIGURE 10 Cold-milling machine for pavement removal and FIGURE 13 Traveling mixer adding stabilizer to recycled as-
sizing. phalt pavement from cold-milling machine.



FIGURE 14 Traveling mixer using windrow elevator for recy-
cled asphalt pavement pickup.

» Handling of conventional curb-reveal and other cold-plan-
ing work (i.e., use is not restricted to recycling)

o Use for mixing when fitted with pump and metering system

e High productivity in almost any weather

The disadvantages of cold-milling machines include the need
for trained personnel to operate them and their relatively high
cost of operation, which can make them uneconomical for use
on seal-coat or thin plant-mixed asphalt roads (/25). Care must
be taken to ensure that all the pavement is reduced to the proper
size and that the mix design takes into account the increase in
the number of fines.

The drum of the cold-milling machine may be set to operate
in an upcutting mode, in which the teeth cut from the bottom
of the pavement layers upward as the machine moves forward,
or in a downcutting mode, in which the teeth strike the top of
the pavement surface in a downward direction as the machine
travels ahead. For partial-depth cuts, the upcutting mode gener-
ally offers the most accurate cutting depth, with lower cost,
greater speed, less tooth wear, less power to operate, and less
damage to the underlying surface. However, upcutting can result
in the production of significant amounts of oversized material.
With downcutting, the reclaimed materials are pinched against
the underlying layers, resulting in proper sizing.

The productivity of a milling machine is a function of the
resistance of the pavement material to the penetration of the
cutting teeth. Three of the most important factors affecting this
resistance are material quality, aggregate characteristics, and
depth of cut.

Single Machine

Single-pass equipment capable of breaking, pulverizing, and
adding stabilizers has been developed and is used for both full-
depth and partial-depth cold in-place recycling. Figures 15 to 17
show large cold-milling machines capable of sizing and mixing
in a single pass. These operations have the same advantages
and disadvantages as cold-milling machines used for pavement
removal only.
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FIGURE 15 Cold-milling machine (RayGo).

Single-Pass Equipment Train

Several contractors have developed a single-pass equipment
train capable of full-depth and partial-depth cold in-place recy-
cling. Large quantities of pavement can be recycled daily. Figure
18 shows an overall view of the equipment. The equipment train
usually consists of a cold-milling machine (Figure 19), portable
crusher (Figure 20), travel-plant mixer (Figure 21), and laydown
machine (Figure 22). The oversized material from the milling
operation is sized by the small portable screen and crusher unit.
The cold-milling machine’s conveyor discharges the recycled
asphalt pavement (RAP) into the crusher unit, which passes it
over a screen with large sieve sizes (e.g., 1% in.). The particular
sieve size will depend on the job specifications. The material
retained on the screen is rerouted to the roll unit for crushing
and then back to the screen. Eventually, 100 percent of the RAP
will pass through the screen and onto another conveyor where
it can be weighed before being deposited into the pugmill or a
paver (126). The screen and crusher unit can also be fitted with
a pugmill and asphalt feeder system for mixing. The recycled
mix can then be windrowed directly behind or to either side of
the mixer or, in some cases, directly into the hopper of a self-
propelled asphalt laydown machine.

Comparison of Sizing and Mixing Operations

A partial list of advantages and disadvantages associated with
each category of breaking, sizing, and mixing operation is given
below:

» Multiple-step sequence
Readily available equipment can be used
Depth-control problems
Removal of entire AC layer is necessary
Mixing of AC and base
Limited width operations
Slow production rates
Traffic control problems
Construction coordination
Aggregate oversize
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FIGURE 16 Cold-milling machine (Barber-Greene Co.).

FIGURE 17 Cold-milling machine with portable crusher FIGURE 18 Single-pass equipment train.
(CMI).
» Two-step sequence « Single-pass equipment train

Depth limitations Depth limitations

Partial-depth removal of AC possible Partial-depth removal of AC possible

Aggregate oversize Aggregate gradation control

Specialized equipment Specialized equipment

High production capacities High production capacities

e Single machine
Depth limitations

Partial-depth removal of AC possible MIXING OPERATIONS
Aggregate oversize
Specialized equipment Asphalt products used as modifiers in cold recycling include

High production capacities emulsified asphalts (usually either slow-setting or medium-set-
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FIGURE 19 Teeth on drum of cold-milling machine.

FIGURE 20 Portable crusher attached to cold-milling ma-
chine.

FIGURE 21

Travel-plant mixer,

FIGURE 22 Laydown machine.

ting), cutback asphalts, high-penetration asphalt cements
(heated to a minimum temperature of 330°F for in-place recy-
cling), and emulsified versions of commercial recycling agents.
In addition, water may be added initially to help in the dispersion
of the asphalt modifier during the mixing process. A small per-
centage of portland cement may also be added with emulsified
asphalts to help stabilize the recycled mix and reduce curing
time. The percentages of any added modifiers should be estab-
lished in a laboratory mix design as discussed in a later section.

As with pavement removal and size reduction, there are sev-
eral alternatives for mixing. There are four general types of soil-
stabilization construction equipment that can be used for in-
place cold recycling:

. Blaglc
o Flat type
« Windrow type

o Hopper type

All of these equipment types are used for full-depth cold in-place
recycling; however, the hopper-type mixer is most often used for
partial-depth cold in-place recycling.

Blade Mixing

Blade mixing is the simplest method, but it usually is slow and
inefficient (Figure 23). The basic sequence involves (22):

» Using a motor grader to windrow the pulverized reclaimed
material.

o Adding the prescribed amount of water (if required) to the
windrow, preferably using a pressurized water truck rather than
gravity flow for reasons of accuracy of application.

« Blading of the windrow across the road with a rolling action
to blend in the water.

+ Reshaping into a windrow and adding the prescribed
amount of asphalt modifier, normally in two or three passes,
using an asphalt distributor.

« Using the grader to fold the material around the applied
asphalt modifier, followed by working the mixture back and



forth across the roadway surface until the modifier is uniformly
distributed and proper fluids content is achieved.

If new aggregate is to be added, it should be windrowed next
to the existing pulverized material and mixed in with the motor
grader before water or modifier is added.

Flat Type

Mixing operations are often performed with single (Figures
24 and 25) and multiple (Figure 26) transverse-shaft rotary (flat
type) mixers. The asphalt modifier can either be applied to the
windrowed material by an asphalt distributor before mixing, or
it can be added directly by the mixer by means of a spray-bar in
the cutting chamber fed by an asphalt supply tanker. With the
spray-bar system, mixing can be combined with pulverization
in a single-pass operation provided the recycled pavement is
sufficiently reduced in size with one pass of the mixer. However,
several passes of the machine are normally required to add the
proper amount of asphalt and to achieve uniform mix quality.
Typically, pulverizing and mixing are completed in separate
passes (22, 31, 127).

Windrow Type

Windrow mixers can pick up the material from the grade and
mix with parallel shafts (Figure 27). These types of mixers are

FIGURE 24 Single transverse-shaft rotary mixer.

FIGURE 25 Single-shaft rotary mixer with asphalt supply
tank.

FIGURE 26 Multiple transverse-shaft rotary mixer.

not commonly available today. Windrow, transverse-shaft mix-
ers that do not elevate the material above grade are available.
Improved quality control is normally obtained from those mixers
that elevate the material above grade.

Hopper Type

Hopper type or travel-plant mixers are pugmill plants that
can mix recycled pavement with liquid modifier, applied at a
controlled rate, as they move along the road (Figure 28). There
are several options when using these mixer-pavers for in-place
recycling. One is to have a windrow pickup attachment for load-
ing the pulverized recycled pavement directly from the roadway
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FIGURE 27 Parallel-shaft windrow mixer.

FIGURE 28 Hopper of mixer-paver receiving cold-recycled FIGURE 30 Pneumatic-tired roller for compaction.
mix.

FIGURE 29 Laydown of cold-recycled base using Midland FIGURE 31 Hopper type paver for laydown of surface course
Motopaver. over cold-recycled base.
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surface into the pugmill. The windrow type of equipment can
use either parallel or transverse shafts. Another option is to feed
the recycled pavement, new aggregate, or both, into the plant’s
aggregate receiving hopper. This requires an intermediate step
of loading the recycled pavement into trucks by conveyor or
other means. A third option, when using cold-milling machines,
is to load the receiving hopper directly by means of a truck-
loading conveyor set at the proper angle (22, 31).

If water is required in addition to the asphalt modifier, a
separate water-delivery system is required. Difficulties may arise
if the recycled mix requires variable water contents.

LAYDOWN, AERATION, COMPACTION, CURING,
AND SURFACING

Construction techniques for in-place cold recycling laydown,
compaction, and surfacing are the same as those used for conven-
tional stabilization operations. Figures 29-31 show typical oper-
ations.

The above discussion presents only a brief summary of con-
struction operations currently in use. The reader is referred to
those references shown in Table 2 and References &, 18, 25, 38,
76, and 128-144 for additional detail.



CHAPTER THREE

MIX DESIGN

INTRODUCTION

The ARRA questionnaire (32) addressed the mix design pro-
cess for cold in-place recycling, although it did not differentiate
between full-depth and partial-depth processes. Block, core, and
loose-milled samples are obtained by the public agencies for mix
design purposes. Sixteen percent of the agencies obtained block
samples, 42 percent core samples, and 42 percent obtained sam-
ples from the milling operation. Sample location and frequency
is based more on judgment than statistical procedures.

New Aggregate

The addition of new aggregate to the recycled pavement ap-
pears to be a widespread standard practice. Approximately two-
thirds of the reporting agencies allowed for the addition of aggre-
gate. The reasons cited for adding aggregate include providing
additional thickness, correcting gradation, and providing for ac-
ceptance of additional binder. The new aggregate can be added
in front of the pulverizing or milling machine or after partial
pulverization; or the existing base course can be used with the
pulverized asphalt concrete. The amount of new aggregate
ranges from 15 to 50 percent and the amount of salvaged base
ranges from 33 to 50 percent (32).

" Binder

Slow-setting and medium-setting asphalt emulsions are most
often used for cold in-place recycling. Almost one-third of the
respondents to the ARRA questionnaire use CMS-2 and CSS-
1h. In general, the full-depth cold in-place recycling operations
use the slow-setting emulsions, whereas the partial-depth opera-
tions have used medium-setting emulsions. High-float emulsions
have also been used on several projects—full-depth and partial-
depth. The New Mexico State Highway Department has used a
high-float emulsion with a polymer additive to reduce thermal
cracking and resist rutting and provide improved early strength.
The western United States uses emulsified recycling agents pro-
posed by the Pacific Coast User-Producer Group, among other
types of binders (Table 3) (43). Cutbacks and soft asphalt ce-
ments are used by some agencies (32). The type and amount of
diluent should be known by the engineer before any of these
liquid asphalts is used.

Amount of Binder

The amount of binder for cold in-place recycling generally
ranges from 0.5 to 3 percent emulsion, with 0.5 to 1.8 percent
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suggested by Oregon and 1.2 to 1.5 percent in Pennsylvania as
starting points for mixture design. This is equated to 0.3 to 2
percent residual asphalt for emulsions. States using full-depth
cold in-place recycling operations usually require binder con-
tents at the upper end of this range, whereas the partial-depth
operations usually use less than 2 percent emulsions. Laboratory
mix design procedures are used to determine binder and additive
content by one-third of the respondents to the ARRA question-
naire.

Mix Design

The Marshall mix design procedure was used by 20 of 30
agencies using mix design procedures. The Hveem resilient mod-
ulus and indirect tensile test were used by the other agencies.
One-fourth of responding agencies reported relying on field
workability or experience for determining binder content (32).

Eighty percent of reporting agencies analyze the recycled
pavement for asphalt content and aggregate gradation. Sample
preparation was performed by processing or crushing in the
laboratory (47 percent), heating and breaking of bulk samples
(22 percent), and use of samples from field pulverized or milling
operations (31 percent) (32).

Marshall compaction (50 and 75 blows), kneading, and gyra-
tory methods of compaction have been used. Curing after com-
paction varies among agencies and ranges from 1 hr to seven
days. Curing temperatures among agencies range from 73°F to
250°F. Density, stability, and air voids are frequently used to
select binder contents (32).

Agencies and groups that appear to have the most developed
mix design procedures for cold in-place recycling include:

o California (50, 145)

e Chevron (36, 146)

¢ Corps of Engineers (20)

e Nevada (147)

o New Mexico (148)

¢ Oregon (42, 149-153)

o Pennsylvania (100, 154)

e Purdue (155, 156)

o Texas (157, 158)

o The Asphalt Institute (37)

Methods most applicable to the full-depth process include those
developed by Chevron, Corps of Engineers, Pennsylvania,
Purdue, Texas, and the Asphalt Institute. The{;g;ocedure devel-
@’m‘g‘m'iS'fo‘rWmiﬂfgthﬁ?fyéliﬁwhereas those

developed by California, Chevron, Nevada, New Mexico, and
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TABLE 3

GUIDE SPECIFICATION FOR PARTIAL-DEPTH COLD IN-PLACE RECYCLING (43)

Test
I0 Test ERA S
T-59 Viscosity at 77°F 15-100
T-59 Viscosity at 122°F
T-59 Sieve 0.1 max
T-59 One-day storage
stability (%) 1 max
T-59 Residue at 500°F (%) 60 min
T-59 011 Distillate (%)
T-59 Charge + Pass
Residue Tests
T-202 Viscosity at 60°C 200-800
T-49 Pen
AST™™
04124 Saturate (%) 30 max
T-50 Float Sec 140°F
T-44 Solubility (%) 97.5 min
T-240 RFTO Ratio 2.5 max

Pennsylvania can be used for partial-depth cold in-place recy-
cling. In addition, experience gained by Canessa (159, 160) has
proved to be of value. Other references on mix design are 29, 99,
and 161. A standard national method is not available; however,
certain basic steps are normally included in the mix design pro-
cess. These include:

o Obtaining representative field samples from the pavement
or from stockpiles of reclaimed materials,
 Processing of field samples for use in mix design,
o Evaluation of recycled pavement,
Asphalt content
Asphalt physical properties (penetration, viscosity)
Aggregate gradation
Recycled pavement gradation
o Selection of amount and gradation of new aggregate,
o Estimate of asphalt demand,

ERA 25 ERA 75 CMS-2RA HFE-200
15-100 15-100
50-450 50 min
0.1 max 0.1 max 0.1 max 0.1 max
1 max 1 max 1 max 1 max
60 min 60 min 60 min 65 min
5-15 0-7
+ Pass + Pass + Pass - Pass
1,000- 4,000-
4,000 10,000
100-250- 200-350
30 max 30 max
1200 min
97.5 min 97.5 min 97.5 min 97.5 min
2.5 max 2.5 max

Selection of type and amount of recycling agent,
Mixture, compaction, and testing of trial mixture,
Initial cure properties

Final cure properties

Water sensitivity

Establishment of job mix formula, and

o Adjustment in field.

Methods proposed by California, Chevron, Oregon, Pennsylva-
nia, and the Asphalt Institute are reviewed below.

CALIFORNIA (145)

The California method of mixture design uses the Hveem
stabilometer, air voids, and visual condition of samples to estab-
lish the optimum binder content (Appendix A).



Field Sample Preparation

Pavement cores or chunks are crushed in the laboratory or
pulverized field samples are obtained for mix design purposes.

Evaluation of RAP

Asphalt content, aggregate gradation, and asphalt viscosity
are determined.

New Aggregate

The amount and gradation of the aggregate is not directly
addressed in the method.

Recycling Agent

The approximate total bitumen requirement (ABR) is deter-
mined using an aggregate surface area formula applied to the
RAP aggregate after extraction of the asphalt. The amount of
recycling agent is obtained by subtracting the asphalt content of
the RAP from the approximate bitumen requirement.

The viscosity of the RAP asphalt is used together with the
viscosity of the base asphalt in the recycling agent to determine
the grade of recycling agent. The desired viscosity of the blend
(RAP asphalt and base asphalt from emulsion) is 4000 poises at
140°F.

Lab Sample Preparation and Testing

Six samples are prepared for testing. One sample is used to
determine the “Rice Specific Gravity” (ASTM D 2041). Four
samples are dried to constant weight, 2 percent water is added,
and each is mixed with a different emulsion content. The samples
are loose cured at 140°F for 16 hr and compacted with a kneading
compactor at 140°F. Hveem stability values at 140°F and air
voids are calculated.

Job Mix Formula

The recommended bitumen content is the highest emulsion
content that provides a specimen with no evidence of surface
flushing or bleeding, a minimum of 4 percent voids, and mini-
mum stability values of (a) 30 for traveled ways or (b) 25 for
shoulders.

CHEVRON (36)

The Chevron USA, Inc. method of mixture design uses-the
resilient modulus, Hveem stabilometer and cohesiometer, and
mix workability to establish the optimum binder content (Ap-
pendix B).
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Field Sample Preparation

A method is not identified.

Evaluation of RAP

Asphalt content, aggregate gradation, and viscosity at 140°F
or penetration at 77°F and viscosity at 275°F are determined.

New Aggregate

The gradation of the RAP aggregate is examined and, if neces-
sary, new aggregate is added to adjust the gradation to match
that shown in Table 4. New aggregate may also be needed to
accommodate new binder or to increase the stability of the recy-
cled mix.

Recycling Agent

One of two methods can be used to determine asphalt demand
of the recycled mixture: CKE (centrifuge kerosene equivalent)
and aggregate surface area formula. The amount of recycling
agent is obtained by subtracting the asphalt content of the RAP
from the asphalt demand of the recycled mixture. No less than
2 percent emulsified recycling agent is recommended for use. If
the design calls for less than 2 percent, additional untreated
aggregate is added.

Table 5 is used as a guide for selecting emulsified asphalt or
recycling agents. Low-viscosity residue emulsions are recom-
mended for reclaimed asphalt pavements that contain high-vis-
cosity (low-penetration) asphalts. Standard emulsified asphalts
recommended for cold-mix recycling include soft-residue, slow-
and medium-setting, cationic and anionic emulsions. Certain
high-float emulsions are also recommended. Soft-residue quick-
set emulsions have been successfully used. Typical requirements
for these emulsions are shown in Tables 6 and 7.

" Lab Sample Preparation

Trial mixes are prepared at 1 percent below the estimated
emulsified recycling agent content, at the estimated content, and
at 1 percent and 2 percent above the estimated content. The
mixing and testing schedule is illustrated in Appendix B. Coating
tests are performed and samples are compacted with the knead-
ing compactor at 73°F. Hveem resistance and cohesiometer and
resilient modulus values are obtained after initial, final, and
water-soak cure conditions. Initial cure is performed in the com-
pactor mold at 73°F for 72 hr followed by four days of vacuum
desiccation. Water soak is performed under vacuum.

Job Mix Formula

The recommended bitumen content is based on the criteria
shown in Appendix B, Table 6, which include a final cure resil-
ient modulus in the range of 150,000 to 600,000 (73°F), stability
of 30 minimum, and cohesiometer values of 100 minimum

(140°F).



TABLE 4
AGGREGATES SUITABLE FOR COLD-MIX RECYCLING (36)

174

P
recessed
h |
Categary o Precess Dense Graded Sands Sands Piter
astien
Bank Rua
112" 100 100
1 90-100 100 80-160
kL) - 80-100 100 Lo-
£ 112 60-80 - 90-100 100 : 100 100 -
2 = 38 - 60-80 - 90-100 100 - - -
3] No. 4 25-60 35-66 | 45-70 §0-80 80-100 100 76-160 75-100 25-85
. o® 8 c138 16-46 20-50 25-55 35-65 65-100 95-100 - - -
35 16 - . - - - 40-80 85-100 - - -
E W - - - - 20-85 | 70-85 | - -
(] 80 3-18 3-20 6-20 6-25 7-40 45-1% - -
100 - - - - 3-20 20-40 - 15-65 -
200 1-7 2-8 2-9 2-10 2-10 8-20 0-12 12-25 3-15
Sand Equivaleat, % 0-2418 45 Min 45 Min 45 Min 45 Min 45 Min 45 Min | 25 Min 25 Min 30 Min
Los Angsles Rattler .
@ 500 Revolutions c-131 40Max | 40Max | 40Max | 40 Max - - - - 50 Max
Calif® '
% Crushed Faces 205¢ 85 Mia 65 Min 65Min | 65 Min 65 Min 65 Min - - -
Soundness 5 Cycles ces 12Max © 12 Max 12 Max 12Max | 12Max 12 Max - - -
Acid Resistance™ D-3042 10 Max 10 Max | 10 Max 10 Max 10 Max 10 Max - i - -
p_— . . ————h

"State of Califoraia Test Method.
“Applicable to limestons surface mixes.



TABLE 5

SELECTION OF EMULSIFIED RECYCLING AGENT (36)

Grads PREFERRED USAGE
Typs | Dasig: A Rain Construction
nation ggregate Resistance Method
$§1 Damp to wet, dense-graded aggregates, high Dependent on dehydration and absorption. Central Mix or Travel Plant.
. sand centent gravels, poorly or well-graded
Slow EMA-1 | gauds.
Setting
CSS-1
CEMA-1
cms.2s| Dryordamp, lew sand content gravels, Resistant to early rainfall. Travel Plant or In-Place mixing.
well-graded or silty sands.
MS-1 . . . .
Medium | MS.2 Dry or damp low fines processed aggregates. Resistant to early rainfall. Central Mix or Travel Plaat.
Setting | HFMS-1
HFMS-2
HFMS-2S
CMS-2
as-1 Damp to wet dense-graded lrnunnu, high Dependeat on amount and type of additive. Travsl Plant or 1n-Place mixing.
Quick sand content gravels, or well-graded silty
Setting sands.
€as-1

1T



TABLE 6
REQUIREMENTS FOR CATIONIC EMULSIFIED RECYCLING AGENTS* (36)

[44

TYPE ~ SLOW-SETTING MEDIUM-SETTING QUICK-SETTING

GRADE €SS CEMA-1 CMs-28 CMms-2 cas

Min. Max. Min. Max. Min. Max. Min. Mox. Min. Manx.

TESTS ON EMULSIONS:

iscesity SSF @ 77°F ‘20 100 - 180 - - - - - 100
Viscasity SSF @ 12257 sse. : - z - 50 a50 50 450 -

Sterage Stability test, 1 ::L - ] - 1

I:onhalhlhy water resistancs:

ti . drv aggregate Good Good

.‘ tocatlle, Fals fFale

-
}
t
-
-

c. et f
k [‘..... tree Pashivels) Pesitive a) Pasitive Pesitive Pustve

&.ul mn-. Test, % - 2.0 - - - - - - - -
-0il dmillau by velume of emulsien, % = - - - - 20 - 12 - -
~Rasidue, % - '3

{Eg}s ON RESIDUE FROM DISTILLATION

~

100

100
[l ]
.8

Penstration, 77°F 190 2
Ductility, 77°F. 5 cmimin., cm 40 - 40
Selubility in trichlareathylens, % 976 915 - 915§
Viscesity @ 140°F. &om -
Viscesity tulh
Saturates,

160 2
40
918

{a) Must moet a pH requiremant of 6.7 maximum (ASTM E-70) if the Particle Charge Test is inconclusive.

() Viscasity A Ratie = ATECV 140°F (80°C)
sty Aping Rtk = S8 Vrsas 8 WBF I5°C

These ification requiraments may vary in ditterant locations dependaat an local censtruction practices, tes, and climatic conditions. Please check with ysur nsarest
ca.m??i‘s A. omm‘ Office for u."n n'ullablo in your area. ¥ ity



TABLE 7
REQUIREMENTS FOR ANIONIC EMULSIFIED RECYCLING AGENTS* (36)

14 SLOW-SETTING ' MEDIUM-SETTING QUICK-SETTING

GRADE 331 EMA-1 MS-1 Ms-2 NFMS-1 NFMS-2 WFMS2s s

Mia. Max. Min. Mo, Mis. Max. Min. Men. Mia. Max. Mia. Man. Mia. Max. Mia. Mas.

TESTS ON EMULSIONS:

Viscosity $SF @ 77°F (25°C) sec. 20 100
Viscosity SSF @ 122°F (80°C) sec. - -
Sterape Stability tast, | day
Ceating abitity & water resistancs:
Coating. dry sggrogate
Cesting, after sproying
Coating. wat spgrogats .
Caating, after spraying »

t
-
o
o
)

-
-
®

1
-
[}
'
-
[}
-
L}
L}
-
[}
-
!
-

Good
Fale

- Fale Falr
e e = few ] = | I YT B YT

- B
£8f

FEEf
g

[_J
=200
-

T IBEEER

-
[ U A I B
-

]
i
£
t 3

~
1

TESTS ON RESIDUE FROM DISTILLATION
TEST:

Pesstratien, 77°F (26°C), 188 9. § sec. 100
Ductility, 77°F (25°C), § calmia. cm 40
Selubility ia Uichlereathylese, % [ 121
Fleat Tost, 140°F (88°C), sec. -
Viscosity @ 140°F poises
Viscesity Aging Ratie (s
Saturates, %

~
[ -3
-
1

- 100 200 190
- 40
- 7ns

E
-
E

10 L] ] 100

976 7.6
1260 1209

100 250
97 -

LI I

”s
50 | 200

{a) Viscasity Aping Ratie = MTFC Viscasity @ 148°F (89°C)
Origiasi Viscasity @ 148°F (88°C)

* Thesa specification roquisements may vary in ditfersat locations dopendent on loca! canstruction practices, sggrogates, sad climatic conditions. Plaase chack with your asesest Chevrea U.S.A. District
Office (or grades svailable in yous srea.

1 X4
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OREGON (750)

The Oregon method of mixture design uses Hveem stability,
resilient modulus, and fatigue test results to establish the opti-
mum binder content (Appendix C). This method is applicable
only to partial-depth cold in-place recycled mixes. It has been
used only experimentally in Oregon and only to estimate the
starting point for emulsion content. The emulsion content is
adjusted by as much as 0.4 percent, based on field observations.

Field Sample Preparation

Millings are obtained from a 16-in. mill and reduced to 100
percent passing the 25.0 mm (1 in.) sieve by use of a hammer.

Evaluation of RAP

Asphalt content, aggregate gradation, RAP gradation, and
asphalt viscosity and penetration are determined. The estimated
emulsion content is obtained from Figure 1 of Appendix C or
by using the following equation:

ECgsr = 12 + Ag + Apsc + Appy
where:

ECggr = Estimated emulsion content, percent
A = Adjustment for gradation, percent
A, ,c = Adjustment for asphalt content, percent
Ap v = Adjustment for penetration or viscosity, percent

This formula is based on field experience from 1984 to 1988
and is scaled based on asphalt physical properties, aggregate
gradation, and asphalt content from actual field projects in Ore-
gon.

New Aggregate

New aggregate is }ypically not used on Oregon projects and
not directly considered in design.

Recycling Agent

Before the 1988 construction season, CMS-2S was used for all
projects except one experimental project. Most 1988 cold in-
place recycling used HFE-150 because of the following:

o Improved performance was noted for sealing and oil mats.

o Sensitivity to small changes in emulsion content was im-
proved.

e There was less thermal cracking.

o The cost of emulsion was reduced.

The emulsions shown in Table 3 will be used in the future.
Experience has indicated that the final estimated design emulsion
content for CMS-28 can be as low as 0.4 percent and as high as
2.6 percent, and for HFE-150 within the range of 0.6 to 1.8
percent.

Lab Sample Preparation and Testing

The estimated total fluids content is determined by using Ore-
gon’s Test Method TM-126. Typical water contents of 0.5, 1.0,
and 1.5 percent are used with the “estimated design emulsion
content.” Samples are prepared at the estimated emulsion con-
tent and the estimated content * 0.3, £ 0.6, and * 0.9 percent-
age points. These samples are placed in molds and static compac-
tion is applied. Liquid loss is used to determine the design total
fluids content.

Samples for Hveem stability and resilient modulus are com-
pacted by the kneading compactor. Sample preparation steps are
outlined in detail in Appendix C and summarized below:

o Add water to the RAP.

o Add emulsion to the RAP and mix. Emulsion is preheated
to 140°F. .

e Cure for 1 hr in pan.

o Compact with Hveem compactor at 140°F.

o Cure at 140°F overnight and recompact using the kneading
compactor.

o Cure at 140°F for 24 hr in molds.

¢ Extract samples from molds and cure for 72 hr at 73°F.

o Test samples for stability and resilient modulus at 77°F.

o Record the emulsion content at the peak of the Hveem and
resilient modulus curve.

Job Mix Formula

Selection of the final estimated emulsion content is based on
the laboratory test results with allowances for field change. Field
adjustments are made to the final estimated emulsion content
based on consideration for RAP gradation, moisture content,
isolated fat spots or unstable mixtures, and visual appearance of
the mat 2 or 3 hr after rolling. Corrections (reductions) for
isolated fat spots are 0.2 percent in slightly fat areas and 0.4
percent in areas that are obviously unstable or rutted. Adjust-
ments of 0.1 to 0.2 percent are made based on visual appearance
of the mat 2 to 3 hr after initial compaction. Emulsion is added
if the mat remains brown and is prone to raveling. Emulsion is
reduced if the mat is very black and shiny and raveling is not
apparent.

PENNSYLVANIA (7100, 154)

The Pennsylvania method of mixture design primarily uses
the resilient modulus test. This method is based on experience
gained on more than 90 cold-mix projects in the state (Appendix
D). Marshall test data are obtained for information only.

Field Sample Preparation

Pavement cores (6-in. diameter) or pulverized field samples
are obtained. A laboratory jaw crusher is used to size cores for
mix design purposes.



Evaluate RAP

Asphalt content, aggregate gradation, and asphalt viscosity at
140°F and penetration at 77°F are determined.

New Aggregate

As much as 50 percent new aggregate can be added to the
RAP. New aggregate is desired to allow for the emulsion added
to exceed 2 to 3 percent. Emulsion contents on the order of 2 to
3 percent are often inadequate for achieving adhesion and cohe-
sion of the recycled mix. New aggregate is also added to sand
RAP, RAP with excessive binder, and RAP that needs gradation
adjustments.

Recycling Agent

The approximate total asphalt needed is determined using
aggregate surface area formulas applied to the RAP aggregate
after extraction of asphalt. Surface area formulas proposed by
Chevron, the Asphalt Institute, Witco Chemical, and Illinois are
used as a guide for establishing the range of emulsion contents
to be used in the mix design.

Emulsions used by Pennsylvania include CMS-2 and CSS-
1h. A CMS-2 emulsion with an asphalt residue of 100 to 250
penetration is used when the penetration of the RAP asphalt is
in the 15 to 20 range. These ranges of penetration are common
when old asphalt concrete pavements are recycled. For roads
built over the years with surface treatments, seal coats, and cold
mixes, relatively soft asphalts have been identified in the RAP.
The use of CSS-1h emulsions with 40 to 90 penetration asphalt
residues are recommended.

Lab Sample Preparation and Testing

The optimum moisture content is first determined by fixing
the emulsion content at 2.5 percent (100 percent RAP mix) and
varying the water content in increments of 1 percent.starting at
3 percent. After 2 min of hand mixing, 90+ percent coating is
required for acceptability. Mixes are unacceptable if they strip
or stiffen excessively on mixing, break prematurely, or become
excessively soupy and segregate on standing. For mixing, the
RAP is maintained at 73°F and the emulsion is heated to 140°F.

The optimum emulsion content is determined by preparing
three mixtures each at four emulsion contents using the estab-
lished optimum moisture content. If 100 percent RAP is used,
these percentages are 2.0, 2.5, 3.0, and 3.5 percent emulsion.
When RAP and new aggregates are used in combination, higher
emulsion contents are used.

After mixing, the loose samples are cured in an oven at 105°F
for 45 min and remixed. Compaction is performed at 73°F by
the 75-blow Marshall procedure. The compacted samples are
cured in the mold at 73°F for 15 to 24 hr and extruded. The
extruded samples are cured at 104°F for three days. After curing,
the resilient modulus at 77°F and the bulk specific gravity are
determined. Samples are then vacuum saturated and soaked for
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30 min followed by determination of resilient modulus and Mar-
shall stability and flow values. ’

Job Mix Formula

The optimum emulsion content is selected considering the
bulk specific gravity, initial resilient modulus, soaked resilient
modulus, and percent-retained resilient modulus. Usually the
initial resilient modulus decreases as the emulsion content is
increased. The rate of decrease of the resilient modulus and the
absolute value of the resilient modulus after vacuum saturation
are considered to establish the optimum emulsion content. Peak
Marshall stability or stability at 10 flow (if there is no peak)
is reported. The laboratory-determined emulsion contents are
adjusted in the field as required.

THE ASPHALT INSTITUTE (37)

The Asphalt Institute method uses surface area calculations
to establish a target binder content, which is adjusted based on
field trials. The procedure is detailed in Appendix E.

Field Sample Preparation

A random-sampling procedure is used to obtain a minimum
of five samples. '

Evaluation of RAP

Asphalt content and aggregate gradation are determined.

New Aggregate

New aggregate may be needed to correct gradation of the
RAP or to increase the thickness of the recycled pavement.
Combined gradations of RAP and new aggregate are given in
Appendix E. '

Recycling Agent

Selection of the type and grade of asphalt cement or emulsified
asphalt should be based on historic use of materials and the
broad engineering consideration of the properties of the asphalt,
consistency, and curing or setting rate. In general, the use of the
heaviest asphalt that can readily be worked is recommended.

When asphalt cements are used, mixing water contents of 4
to 6 percent will be required, to cause the hot asphalt cement to
foam and aid coating. Lower-viscosity asphalt cements should
be used in mixes with relatively high fines (minus No. 200).
Higher-viscosity asphalts can be used in mixes with lower fines
contents.

Medium-setting emulsions are designed for mixing with coarse
aggregate. These emulsions do not break immediately upon con-
tact with the aggregate, and mixing is possible for a short period
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of time. High-float medium-setting emulsions may give better
coating and asphalt retention under extreme temperature condi-
tions and can be used with coarse- or dense-graded aggregates.

Slow-setting emulsions are designed for maximum mixing sta-
bility and can be used for high-fines-content, dense-graded aggre-
gates.

The asphalt demand in the recycled mixture is determined
using an aggregate surface area formula. The amount of recycling
agent is obtained by subtracting the asphalt content of the RAP
from the asphalt demand.

Lab Sample Preparation and Testing

A specific procedure is not recommended. The Asphalt Insti-
tute does have cold-mix procedures.

Job Mix Formula

The job mix formula is based on the surface area formula and
associated calculations. Field adjustments are made.

DISCUSSION

.All methods provide approaches for selecting the type and
amount of binder and the amount of water. Methods of compac-
tion, curing, and testing differ. Most methods define mix prop-
erty measurements soon after compaction, at or near a final
cure condition, and after exposure to water. These are desirable
properties from a rational mixture design approach.

A good cold in-place recycling binder is recognized as one
that (a) produces initial softening of the RAP asphalt, (b) has
good initial coating of RAP and new aggregate at low fluids
contents, (c) allows for early compaction and traffic, (d) is rela-
tively insensitive to binder content, and (€) does not continue to
soften for several months to create rutting and bleeding prob-
lems. The grade of binder is chosen to soften the RAP asphalt
to a selected level. Depending on environmental conditions, com-
plete mixing of the new binder and the RAP binder may or may
not occur in a timely manner. If complete mixing does not occur,
it is possible that the new binder or recycling agent will remain
on the surface of the hard RAP aggregate and create an unstable
mixture. In selecting recycling agents it is better to err on the
hard side of the residual asphalt (high viscosity or low penetra-
tion) in the emulsified and asphalt cements.



CHAPTER FOUR

PROPERTIES OF MIXTURES

Research conducted in Indiana (59, 60, 155, 162-168), Michi-
gan (80), Nevada (87, 88), Oregon (41, 150), and Texas (169)
and by Chevron (I46) and U.S. Navy (29) has produced basic
mechanical property data on cold-recycled materials. Results
from selected studies are presented below.

MARSHALL STABILITY AND FLOW

Marshall properties for cold in-place recycling projects have
been reported by a number of agencies, including Michigan,
Oregon, and Purdue University.

Michigan (80) reported data obtained from both preconstruc-
tion and construction samples. Typical Marshall properties as
a function of new binder residue are shown in Figure 32. A
comparison of Marshall properties for cutback and emulsion
binders in a pulverized bituminous material is shown in Figures
33 and 34. These figures’ill illustrate strength-gain with time me"and
\tHe-importance of*cunng:as,wella-as-potennal strength‘loss;s
tassociated with-wa water_l;l?partlallyAcu@d*mlxtﬁ@T he influence
of binder residue properties on Marshall properties and density
is shown in Figures 35 and 36.

Relationships among Marshall properties, curing time, soak-
ing, type of binder, and binder residue content are shown in
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FIGURE 32 Preconstruction Marshall test results. All sam-
ples were prepared at 3 percent moisture content with aggregates
obtained from the projects and stabilized with MS-2S (80).
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Figures 37 and 38. %Eilit?ﬁi:reaseswith«ime«Soaking for24
h‘r*’c‘aﬁ‘s’é‘s'a:substantxal‘loss‘m-strength'untd‘suﬂicxent~cunng 23S
obtained:--A-minimum:of-6ne"week of | Eﬁm Usually-required
for«adequate Strength.gain.and fesistance to~water damage.

Flgure 39 shows the freeze-thaw durmf recycled materi-
als as a function of residue content and binder type. No signifi-
cant effects of freeze-thaw exposure are noted. The asphalt ce-
ments produced improved stability compared with the liquid
asphalts. Freeze-thaw damage to partially cured mixes can oc-
cur.

Figure 40 indicates that for Marshall compaction efforts the
amount of asphalt does not greatly influence the maximum den-
sity. Asphalt type influences the maximum density as shown
in Figure 41. The-significantTinfluence of compaction mmstllis)
content~on-Marshall “density is shown in /m in Figure 427 Variation
of:these-rrelatlonshlps.that*may'occur'onwafs1wu
shown in Figure43?

Field and laboratory density comparisons are given in Table
8. Effects of remixing and delayed compaction on stability are
shown in Figure 44. Stability of samples taken from seven proj-
ects during construction are given in Table 9.

Michigan has developed a hydraulically operated penetration
device to measure in-place properties of stabilized bases. This
test can be used to investigate construction variation and the
influences of curing, binder type, binder quantity, moisture con-
tent, and density on strength.

Marshall properties of core samples obtained from seven Ore-
gon projects are shown in Figure 45 (150).

Purdue University examined influences of compactive effort,
binder residue, and cure conditions on Marshall stability (163).
Maximum Marshall stability was noted at about 0.5 percent
residue. There was little difference between curing for 28 days
and “ultimate” cure. Stability was influenced by the percent
asphalt residue.

HVEEM STABILITY

Hveem stability data for cold in-place recycling projects have
been reported by a number of agencies including California,
Nevada, Oregon, Chevron, and Purdue University.

Preconstruction Hveem properties for two Nevada projects
are shown in Figures 4648 (87, 88). Hveem stability values are
shown to decrease with an increase in binder. Note that the
recycled mixtures reported in Figure 46 are more sensitive to
binder content than the mixtures shown in Figures 47 and 48.
As expected, air voids decrease and density increases with binder
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FIGURE 35 Comparison of two asphalt emulsions of different
penetration ranges when used to stabilize shoulder and base
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FIGURE 36 Marshall test results comparing four ashpalts
used for stabilizing aggregate. Samples were mixed at 3 percent
moisture and air cured for one day before testing (80).
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content (Figure 46). Nevada’s water sensitivity test (dynamic
strip) is also shown to decrease with an increase in binder con-

tent. Proprietary recycling agents and CMS-2S were used in
these tests.

Hveem stability and air voids were determined on core samples
obtained shortly after construction and three years after con-
struction. Air void contents decreased with time. Initial values
ranged from about 10 to 15 percent. Hveem stabilities have
decreased with time.

The curing conditions (28 days and ultimate cure) used in a
Purdue University study (/63) had little effect on the R value
and only small changes were noted with an increase in com-
pactive effort. A decrease in R value was noted with an increase
in binder content.

RESILIENT MODULUS, FATIGUE, AND TENSILE
STRENGTH

Resilient modulus data have been reported by Oregon, Ne-
vada, Chevron, and Purdue University, among others. Fatigue
test results have been obtained in Oregon.

Resilient modulus and fatigue test results were obtained on
cores from seven projects in Oregon (/49,150). These results are
shown in Figure 49. Resilient modulus values in the range of
150,000 to 600,000 psi were obtained. Fatigue life was deter-
mined at an initial tensile strain level of 100 x 10~5, 1 cycle per
second, and under controlled load conditions.

Resilient modulus values for laboratory prepared samples in
Nevada are shown in Figures 50-52. Resilient modulus cure
time relationships in Figure 50 show that high strengths are



32

&
o

-
-
p—
—
—

T200/250 PENETRATION

ASPHALT CEMENTS ) !

g

w
o

LT <N

DRY DENSITY OF AGGREGATE ONLY, PCF

L
@
I-Lllll

N
»

MOISTURE CONTENT, PERCENT

FIGURE 42 Moisture-density relationships for stabilized base
aggregates blended with pulverized bituminous surfacing (80).

o1 2 3 4 5 6 70 t 2 3 4 S5 & 7

134

ASPHALT CEMENT
120/150 PENETRATION

W
N
T

w
o
T

DRY DENSITY OF AGGREGATE, PCF

128~ ,°

: LEGEND:

! a-TEST A

/ o0 -TEST B
° -
126 1 TEST C
124 L L '
) 2 4 s 8

MOISTURE , PERCENT

FIGURE 43 Variation of individual moisture-density curves
for stabilized base aggregates blended with pulverized bitumi-
nous surfacing (80).

TABLE 8

FIELD AND LABORATORY DENSITY COMPARISONS
(80)

Job-Mixed
Laboratory In-Place Laboratory
Project Density, Density, Density,
No. dry* dry® dry<
2 127.4 128.6 130.5
4 134.8 125.4 131.1
6 128.1 132.5 131.3

2 Marshall density at 50 blows per face with 3 percent
residue added.

b In-place nuclear density.

€ Marshall density at 50 blows per face at field moisture
content.

1200 |- I

1000 =
PRECONSTRUCTION TEST RESULTS,

i 1

MARSHALL STABILITY, LBS
8§ § 3
T 1 T

oL ] 1 1 1 ) ] ] 1
o 2 4 s 8 1© 12 4 I8
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EMULSION AND FINAL COMPACTION, DAYS

FIGURE 44 Effect of remixing and delayed compaction on
stability (80).

TABLE 9

TEST RESULTS OBTAINED FROM SEVEN PROJECTS
DURING CONSTRUCTION (80)

Asphalt Laboratory Test Value
Profect m”:ﬂy' ‘é::‘;“n? Content Marshall Triaxial
No. pef | percent percentigeaniity,| Flow. Dry C, # E*,
residue| ), L/xoo—m.lnenmy pell dog | pet
1 121.3  4.80 2.19 2,069  7.54 130.8 6.53 41.6 16,800
2 128.6 3.21 3.00 1,423  9.76 130.5 5.83 34.1 15,000
s 125 280 8.8
4 1254 8.4 3.45 2,111 12.24 131.1 7.00 45.9 18,300
5
6 132.5 3.11 4.4 1,268 10.50 131.3 5.00 40.0 12,600
7 2.90  2.50




reached after about 14 days. Resilient modulus versus tempera-
ture relationships are shown in Figure 51. Saturation and a
freeze-thaw cycle is damaging, whereas the saturation and 2-hr
soak procedure is not damaging. Tensile strength relationships
are shown in Figure 53.

Results from core samples are shown in Figures 54-58. Resil-
ient modulus at various locations and as a function of tempera-
ture is shown in Figures 54 and 55. Values less than 200,000 psi
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FIGURE 46 Properties of cold-recycled mixtures during mix design (87). .

were obtained at 77°F. These values did not increase with time
in the field (Figure 55). Resilient modulus and tensile strength
are shown after saturation and soaking (Figure 56) and after
Lottman (1-cycle freeze-thaw) conditioning (Figures 57 and 58).
Retained resilient modulus and tensile strengths of 10 to 35
percent are evident.

Chevron investigated the increase in resilient modulus with
cure time (Figure 59) (/46). Resilient modulus increased with
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FIGURE 59 Development of modulus with cure time of cold-recycled mixes (146).
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TABLE 10
WATER SENSITIVITY OF COLD-RECYCLED MIXES (146)
Dry Tensile Strength Wet Tenslle Strength Retained Strength
(psl, 73°F) (psi, 73°F) : (%)
Recycling Agent 40°F2 73°F2 100°F2| 40°F® 73°F® 100°F3(40°F 73°F  100°F
2% Recycling Agent
Recycling Agent A 69.6 905 1044 oP 18.2 27.6 0 20.1 26.4
Recycling Agent B 893 1143 1699 31.8 30.1 56.3 35.6 26.5 33.1
CMS-2S 927 1304 1917 287 39.8 92.2 31.0 30.5 48.1
CSS-1 159.8 1649 2108 29.2 446 92.7 18.3 27.0 440
3% Recycling Agent
Recycling Agent 8 65.7 808 1284 14.6 29.9 63.7 222 37.0 49.6
Recycling Agent C 98.7 129.4 1879 34.8 66.9 107.8 35.3 51.7 57.4
CMS-2S8 764 1327 1942 413 61.1 1235 54.1 46.0 63.6
CSS-1 1388 1713 226.0 53.9 767 1291 38.8 448 57.1
4% Recycling Agent
Recycling Agent C 878 1046 1447 48.8 66.2 104.8 55.6 63.3 724
CSS-1 1443 1671 2115 52.6 90.0 1443 36.5 53.9 68.2

@ Cores cured for six months at indicated temperature.
bSample fell apart during water soak.

cure time, reaching a maximum between 20 and 100 days, de- The effect of cure time, binder content, and compaction effort
pending on cure temperature and recycling agent content. Resil- on resilient modulus was studied at Purdue University (/63).
ient modulus decreased as the percentage of recycling agent Resilient modulus increased significantly from one to seven days
increased. Resilient modulus is also affected by the stiffness of and leveled off after seven days. Optimum percentage of asphalt
the RAP asphalt. Water-sensitivity test results are shown in emulsion binder added increased as testing temperatures de-
Table 10 and are affected by the type and concentration of the creased.

binder.
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CHAPTER FIVE

STRUCTURAL DESIGN

California (170), the Asphalt Institute (37), and Chevron (36) The minimum milling depth for reflection cracking is calculated
have published thickness designs for cold in-place recycled pave- with the following equation:
ments. The California method determines the minimum milling X = (T-2Y)/3
depth needed to prevent reflection cracks and uses a deflection- -
based overlay design method for calculating required thickness. where:

T = original pavement thickness (ft)
Y = virgin AC cap thickness (ft)
X = milling depth (ft)

TABLE 11 A gravel equivalency factor of 1.5 is used by California for cold
MINIMUM SURFACE COURSE THICKNESS (36) in-place recycled material.
. The Asphalt Institute and Chevron methods are nearly identi-
Traffic Level Minimum Surface Course Thickness * " .4 hickness design charts provided for cold in-place recy-
(EAL) (mm) (in.) cled mixtures, depending on gradation. Minimum surface course
10° 50 2 thicknesses are specified as shown in Table 11. A typical thick-
ness design chart is illustrated in Figure 60.
105 50 2 The ARRA questionnaire (32) indicated that most agencies
" assume that the structural capacity of cold in-place recycled
10¢ 75 3 materials is equal to that of conventional materials. In most cases
conventional materials are replaced with an equal thickness of
107 100 4 RAP without a formal structural design. Only 11 agencies re-
ported characterizing the material for thickness design. Three
10° 130 5 agencies assign AASHTO layer coefficients between 0.14 and
0.44. .
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FIGURE 60 Cold-recycled mix Type II.
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TABLE 12

STRUCTURAL COEFFICIENTS OF FULL- AND PARTIAL-DEPTH COLD IN-PLACE RECYCLING PROJECTS

AASHTO Coefficlent

Gravel Equivalent

Layer Coefficient

Representative Representative Representative Basis of

Agency Range Value Range Value Range Value Coefficient

California (170) 1.5-25 1.5 Pavement
deflection

Pennsylvania (100) 0.30

Purdue (763) 0.25-0.40 Lab tests and
pavement
deflection

Texas A & M (171) 0.22-049 0.39 1.0-3.44 Lab tests and
pavement
deflection

ARRA (32) - 0.14-0.44

Table 12 summarizes available structural coefficients from the
literature. The Texas A&M University study is the most exten-
sive to date (/7). Values appearing in this table should be used

with caution because the coefficients are not only dependent on

cold in-place recycled material properties but also layer thickness

and traffic. The AASHTO method of pavement design can be
used together with the appropriate layer coefficient to structur-
ally design pavements with cold in-place recycled layers.
AASHTO coefficients from a Purdue University study ranged
from 0.25 to 0.40 (163).



CHAPTER SIX

PERFORMANCE

Comprehensive nationwide information on performance of
cold in-place recycling is not available. The FHWA-sponsored
research project to define performance of recycled pavements at
Towa State University and ARE, Inc. is limited in its evaluation
of cold in-place recycled pavements. Reports that define perfor-
mance of cold in-place recycled pavements are available in the
literature; however, they do not use a common method of defin-
ing performance nor do they provide an equal amount of project
detail. A summary of information from California (50, 99), Indi-
ana (132), Kansas (172), Maine (74), Nevada (88), New Mexico,
Oregon (42, 149, 150, 152), and Pennsylvania (100) is presented
below.

CALIFORNIA

California DOT (50, 99) mandates the recycling of asphalt
concrete materials unless it can be demonstrated that recycling
will not result in a significant savings in energy, nonrenewable
resources, and cost (50). Performance of cold-recycled pave-
ments has been mostly encouraging with stable, performing
pavements. California requires 0.15 ft of asphalt concrete to be
placed on a surface course on all projects.

Table 13 gives the performance of 13 recycling projects com-
pleted during 1979 to 1983 in California. Performance up to five
years after construction is provided. One project is reported as
failed, two as poor performance, one as fair performance, and
nine as good performance. Definitions associated with ratings
are shown in Table 14 (50).

CThe 09:K-ER=178-project-failed-within-thfee_months-of, con-
striiction because of extensive-instability-and-rutting caused by’
moisture-vapor—Four—percent-moisture-was-corntained-in—thé

<¢old-recycled=material=at=thestime-of-overlay_Moisture-vapor
was-transported-togéther-with=asphalt-to=the-asphalt=concrete

overlay~from-thie-cold-recycled-layer;~causing-loss-of-stability. "

"Air.temperature reached-120°F-during this period-Specifications
r}gw—limit«the~moisture-.contcnt:toié;percent—in~t»he~cold-in-
wplace-recycled-material-at:the"time-of-overlay-(50).>

Poor performance on the 11-IMP-98 project was associated
with nonuniform distribution of the binder. A “mill and mix”
unit was used for the first time in California on this project (50).

Poor performance has been noted on the Kern County project
because of excessive binder content. Incomplete mixture design
was performed and the project failed by bleeding and rutting
within three weeks of construction (99).

INDIANA

Roughness, deflections, and visual inspections are being used
.to define the performance of 1986 cold in-place recycling projects
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in Indiana (132). After one year of service, the recycled pavement
is performing better than the conventional pavement. Transverse
reflection cracks and longitudinal cracks where the pavement
was widened are beginning to develop in the resurfaced section.
Cracks have not appeared in the recycled section.

KANSAS

Kansas (172) reports pavements containing cold-recycled as-
phalt concrete exhibit less reflective cracking if the existing mat
is left thin enough so that less mass is available to reflect cracks
upward but thick enough to form a solid base for the equipment
(Figure 61). Rut depths are larger in cold-recycled pavements
compared with conventional and hot-recycled pavement sections
(Table 15). Sections that contained “rejuvenations” have slightly
more rutting than the other sections. Kansas uses MS-1 HF
emulsion to control rutting of the cold in-place recycling sections
and allows curing before placing the surface.

MAINE

Deflection, rut depth, ride quality, and a crack study have
been performed on recycled pavements in Maine (74). Based on
three years of performance, cold in-place recycling has virtually
eliminated reflective cracking problems and can help solve frost
problems. Deflection and rut measurements indicate that cold
in-place recycling with and without the addition of binder does
not produce the same load-carrying ability as that of conven-
tional black bituminous base. Strength reductions were noted
with moisture and frost action. Bituminous binder should be
used with cold in-place recycling when excessive fines are pres-
ent.

NEVADA

Cores have been obtained and visual condition surveys have
been conducted on two Nevada projects (87, 88). After seven
years of service, one project has areas of bleeding and minor
cracking. A large portion of the project has no distress. The
bleeding is probably caused by improper seal coat quality control
or design.

A three-year-old project showed center construction joint ra-
veling the first winter after construction. No other distress is
evident on the project.



TABLE 13

CALIFORNIA COLD IN-PLACE RECYCLING PROJECTS (50)

Date Aix :
81ids Salvaged AC Formula Performance
Open/ Contract Binder Salv./ Recy. Agent ate
Dist,Co,Rte Fin, Yons Number | Status | Pen, JVIsc{IJ] Virg. Source |" Grade | Review| Rating
65-Hon-101 6/82 5,500 | 284604 hd 3 5)(106 100% Witco 25 1/83 Good
(Chualar) 9782
05-58-101 10/82 17,000 | 284804 * 4 41106 100X Witco 25 9/83 Good
(Goleta) 5783 ,
06-Ker-204 as82 | 1,800 | 207304 * 7 2x105 | 1008 | Witco 75 | 10/83 | Good
(Bakersfield) 7/B7
06-Kin-6th 7/80 11,700 | 445144 hd 2 10x106 100% Witco 5 11/&2 Good
{Corcoran) /8T
06-Tul-99 5/82 1,600 | 211804 * 4 5)(105 100X Chev. 5 11/83 Good
(Kingsburg) 8787 . (CEMA 1)
06-Fre-41 3/83 800 ] 236104 * 5 4x106 100% Witco 5 8/64 €ood
(Sterra- /87 ‘
Herndon) A
08-58d-395 3/82 50,000 | 231304 * 22 7)(10‘ 100% Koch 25 2/85 Good
(Adelanto) B/87 : 4/86 FRIR
09-Mno-395 4/81 6,400 { 086204 * k)| 5)(103 100% Witco 25 2/85 Good(2)
(Crowley 8/81 12/85 | PooR
Loke)
09-Iny-395 6/79 17,900 | 074704 - 8 2)(105 100% . Witco 25 2/85 Good
(Bishop) 12779 { 12/85 | Goad
6 . s/ee | w0
09-Ker-178 10/81 12,000 | 070904 hod 7 2x10 100% Witco 5 12/82 Falled
.{Inyokern) 278z '
11-h1v-10 3/80 2,000 | 189914 * ? 1 100% Witco 5 2/88 Good
(Chiriaco) 780 T
11-1mp-98 3/83 4,100 | 158034 * 22 9)(104 100X Koch RH-75 2/85 FAR
{Ocotillo) 7783 12785 | PooR
06-1mp-0CO 3/83 38,000 | 145684 * No Data IMPERIAL COUNTY PROJECT 8/84 Good
(FAS) B/83




TABLE 14

RATING CRITERIA FOR RECYCLED AC (50)

Rating Description '

A = Excellent  Minimal amount of cracking - nothing over
1/4" wide; no raveling, rutting, flushing, or
potholing.

B = Good Minimal amount of cracking - nothing over
1/4" wide; and/or slight raveling, or rutting;
no flushing or potholes.

C = Fair Moderate amount of cracking - a few over
1/4" wide; and/or moderate raveling,
rutting, and flushing with no potholes.

D = Poor Considerable cracking andjor raveling, or
rutting, or flushing, or occasional potholes,
and/or considerable patching.

E = Failed In immediate need of maintenance work
due to - extensive cracking, or rutting, or
flushing, or potholing, or raveling, or any
combination.

NEW MEXICO

As of February 1987, New Mexico had placed 277 miles of
cold in-place recycled pavements on 54 projects (personal corre-
spondence with D. Hanson). Deflection measurements and cores
have been obtained on these projects. Only one project shows
evidence of distress (rutting). Projects were constructed from
1984 to 1986.

TABLE 15
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TRANSVERSE: CRACKING VERSUS TIME

1. 3.5" cold milling and 5.25" hot recycled bit. base + 1.25" hotmix.
2. 4" hotmix {control)
3. 4.0" cold milling and 3.5" cold recycle without ARA-1 + 2.5° hotmix.

T o

-g,‘é 80 7 4. 4.0" cold milling and 3.5° cold recycle with ARA-1 = 2.5" hotmix.

60 1 5. 2.25" Cold Milled and hauled away + 4.0" cold milling and 3.5 .

=3 60 cold recycle with ARA-1 + 2.5 * hotmix. 2.

4 3.

§ 2 40 '1 _/—-/_//4'

ee 2 5.

& bg ! ee———
‘80 81 82 ‘83 ‘84 ‘85 ‘86 ‘87 ‘88

Date of Crack Survey
FIGURE 61 Kansas DOT performance information from

Scott County (172).

OREGON

Extensive performance evaluations of Oregon cold in-place
recycled pavements have been conducted (42, 149, 150, 152). Of
the 52 pavements evaluated, 47 (90 percent) have good or very
good performance. Five pavements (10 percent) have poor per-
formance. The projects are divided into *“classes of treatment,”
which are defined as follows:

¢ Class I—Recycling performed on a uniform pavement built
to specifications.

o Class II—Recycling performed on a pavement with signifi-
cant maintenance patches over a uniform pavement.

o Class III—Recycling performed on low-volume highways
where considerable variation in pavement structure exists.

SOregon= has*used-the-performance"dité" 0 TEVISETitsT mlxture

de81g11 and.construction ‘operations as” Fwell‘as’seléction of bmder
for*the ¢old in- place recycling operation-. More than-450-miles
Have“béen placed in Oregon

KANSAS FULL-DEPTH COLD IN-PLACE RECYCLING - K-96 TEST PAVEMENT (172)

Rut Depths (in.)

Bleeding spots in this section

Waestbound Eastbound
Outer Inner Inner Outer
Method Station Wheelpath Wheelpath Wheelpath Wheelpath Average
Hot recycle 210 to 230 0.375 0.375 0.188 0.25
0.313 0.25 0.125 0.188 0.25
Control 220 to 230 '0.125 0.125 0.125 0.125
0.063 0.188 0.125 0.250 0.125
Bleeding spots in this section
Cold recycle 230 to 235 0.313 0.188 0.188 0.313
0.250 0.188 0.188 0.375 0.25
" Cold recycle 235 to 243+20 0.563 0.563 0.500 0.688
1.000 0.813 0.313 0.438 0.625
Bleeding spots in this section
Cold recycle 243+20 to 0.438 0.250 0.625 0.500
256+40 0.938 0.625 0.250 0.313 0.500
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FIGURE 62 Before-and-after ride data, 1986 central Oregon projects (/49).

R ——————— e
Pavements thiat have shown poor performance,can be traced™~

,——-C .
to.the-following:zcauses:
[ AEEREEY oy

» Too high a recycle agent content in the early years. Contents
more than 2 percent with 7 to 10 percent diluent were shown to
create excessive softening.

:,Placingva*ti_gﬁs‘eﬁlfg" dense w€§r‘iﬁ§*€€urseﬁoo-soow—
sulting-in-trapping-.water and.diluent; followed by-stripping and
Tuttifg '

o Depth of recycle stopped at a delaminated layer of old
pavement, resulting in loss of bond.

o Failure to provide some type of seal before freeze/thaw
conditions.

Figure 62 illustrates the improvement in ride quality that can be
achieved with cold in-place recycling.

PENNSYLVANIA

The Pennsylvania Department of Transportation had com-
pleted about 90 cold-mix recycling projects by the end of 1985
(100). Experience with these projects indicates a need for ob-
taining optimum moisture content in the RAP material so that

TABLE 16

GUIDELINES FOR USE OF COLD RECYCLING
IN PENNSYLVANIA

Average Daily Traffic Wearing Surface

1,500 or less Surface treatment (double
application) as a minimum
1,500 to 3,000 Hot-mix wearing course

More than 3,000 Do not use cold recycling

the emulsified asphalt can be dispersed effectively in the mix.
Recycled mixtures are usually susceptible to damage from mois-
ture intrusion and abrasion by traffic. The placement of a surface
is necessary to avoid raveling and potholing. The guidelines in
Table 16 have been recommended in selecting a candidate project
for cold recycling. Projects carrying a significant amount of
heavy truck traffic should not be selected for cold recycling.
Cold recycling should not be attempted if the existing road has
inadequate drainage.



CHAPTER SEVEN

ECONOMICS

Economic evaluation of alternative pavement rehabilitation
strategies should consider initial and recurring costs. These costs
include:

o Agency costs
Initial capital costs of rehabilitation
Future capital costs of reconstruction or rehabilitation
(overlays, seal coats, etc.)
Maintenance costs recurring throughout the design period
Salvage return or residual value at the end of the design
period
Engineering and administration
Costs of investments
o User costs
Travel time
Vehicle operation
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Accidents
Discomfort
Time delay and extra vehicle operating costs during resur-
facing or major maintenance
¢ Nonuser costs

Definition of many of these costs is difficult, and other costs do
not significantly affect the analysis for alternatives for a given
roadway segment. Simplistic methods of economic analysis con-
sider only:

o Initial capital costs

« Future costs of reconstruction or rehabilitation
« Maintenance costs

« Salvage values

TABLE 17
FULL- AND PARTIAL-DEPTH COLD IN-PLACE RECYCLING COST DIFFERENCES
Cost of

Cost Difference (%) Cold In-Place Recycling ($)
Agency Year Range Rep. Value Range Rep. Value Comments
California (99) 1979-83 1543 31 14.71-24.32ton  20.16/ton Relative to conventional mix
California (40) 37 . 22.00/ton :
California (46) 1980 21 5.17/sq. yd. Relative to equivalent section
lllinois (56, 57) 1982 3.80/sq. yd.
Indiana (64) 1976 ' 11.95-22.00/ton
lowa (65) 1988 67 6.90/ton Relative to asphait concrete
Kansas (70) | 1977 : 53 Relative to equivalent section
Kansas (172) 1988 See Table 18
Missouri (187) 1978 50 Relative to equivalent section
Montana (86 1978 21 21.59fton
New Mexico 1984-86 1.05-2.00/sq. yd.  1.40/sq. yd. Average 2.6 in. of recycling
N. Carolina (180)¢ 1977 6 3.99/sq. yd. Relative to equivalent section
Oklahoma (92) 1979 3.46/sq. yd.
Oregon (47) 1984 ’ 24 1.81-2.42/sq. yd.  2.00/sq. yd. Relative to equivalent section
Pennsyivania (98) 1983 16 Relative to equivalent section
Vermont (707) 1978 28 7.90/sq. yd. Relative to equivalent section
Vermont (708) 1982 31 1.37/sq. yd. Relative to equivalent section
Wisconsin (111) 1978 0.29/sq. yd.-in.
FHWA (114) 4.72/sq. yd.

3 Relative to commonly used rehabilitation alternatives used by identified states.

bPersonal communication with D. Hanson (1987).
€ Cost increase on one project.
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Initial capital costs of cold in-place recycling operations can be
found in References 32, 36, 40, 41, 46, 47, 49, 56, 57, 64, 65, 70,
83, 86, 89, 92, 97-99, 111, 113, 114, 121, 138, and 173-181.
Table 17 gives a summary of capital costs. Detailed performance
histories are not available to allow for the time scheduling of
rehabilitation and maintenance operations. Thus, detailed life-
cycle cost information does not appear in the literature. How-
ever, preliminary performance information obtained from state
records indicates that significant life-cycle cost savings will be
obtained when comparisons are made between conventional
overlay techniques and cold in-place recycling operations. In
some instances the first cost of cold in-place recycling will be
greater than conventional overlays; however, improved perfor-
mance and the use of stage construction techniques with the cold
in-place recycling option will lower life-cycle costs. First-cost
data are discussed below.
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A review of the FHWA Demonstration Project 39 reports, as
well as other information, indicates the following component
costs for cold in-place recycling operations: '

o Materials 46.6 percent
« Equipment 29.7 percent
e Labor 23.7 percent

The main economic advantage that recycling offers is in material
cost savings. The majority of the material costs are associated
with new binder. Increases in new aggregate will increase recy-
cling costs as shown in Figure 63. Typical square yard costs for
cold in-place recycling operations are shown in Figure 64 (1 56).

First costs of cold in-place recycling operations are project
dependent, and, hence, generalizations should be used as guides
only. First-cost savings of 6 to 67 percent are reported in the
literature (Table 17).
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SPECIFICATIONS AND QUALITY CONTROL

Specification and quality control procedures for cold in-place
recycling operations have been developed by a number of state
highway agencies. Appendixes F, G, and H contain the specifica-
tions developed by Michigan, Pennsylvania, and the Asphalt
Recycling and Reclaiming Association and used primarily for
full-depth cold in-place recycling operations. Appendixes I and
J contain specifications developed by Oregon and New Mexico
for partial-depth cold in-place recycling operations. These speci-
fications contain elements of both method specifications and
end-result specifications.

These types of specifications rely on the expertise of the public
agency, contractors, material suppliers, and equipment manufac-
turers to obtain the desired end product at a reasonable cost. A
discussion of the general elements of the specification and quality
control guidelines follows. :

SPECIFICATIONS

Most cold-asphalt recycling specifications tend to focus on the
material properties of the reclaimed material and of the recycled
mix rather than on the exact methods of construction. Specifica-
tions are often written to allow for the use of a wide variety of
in-place equipment provided the recycled mix meets the job
specification for depth, maximum particle size, and gradation.
The typical specification for cold-mix recycling will contain sec-
tions on some or all of the following topics:

¢ Overall description of work
e Materials (RAP, new aggregate, asphalt binder, water)
¢ Equipment
e Method of construction
Scarification and pulverization
Addition of asphalt modifier and mixing
Aeration
Spreading
Compaction
¢ Approval of job-mix formula
o Inspecting, sampling, and testing
¢ Quantity and basis of payment for each material
o Wearing course (asphalt concrete, chip seal coat, slurry seal,
etc.)
e General (weather, traffic control, safety, etc.)

MATERIALS

The primary materials specifications deal with aggregate gra-
dation, asphalt binder type, asphalt binder content, water con-
tent (if applicable), and density requirements.

Maximum Size

Most specifications limit the top size of the RAP produced by
the pulverization equipment. Some public agencies require 100
percent passing the 25.0-mm (1-in.) sieve. This type of specifica-
tion can be overly restrictive (and can slow down the recycling
process). The top size of milled or pulverized material is a func-
tion of (38):

« Condition of existing pavement (if alligator cracking is pres-
ent, oversized pieces will most likely be produced),
"o Top size of original aggregate,

o Speed of milling (higher speeds produce larger sizes), and

o Depth of cut (thicker cuts tend to produce chunks of greater
size).

The preferred alternative is to allow some oversized material
to be present in the recycled mix by specifying a minimum
percentage for the nominal maximum size instead of placing
restrictions on top size [e.g., 97 percent passing the 38.1-mm
(1%-in.) sieve with no chunks larger than 4 in. or with the
remaining 3 percent not so large as “to affect adversely the
stability and structural integrity of the mixture nor to hamper
the shaping operation” (38, 142).

Aggregate Gradation

It is not practical to have the aggregate gradation of the RAP
specified for all sieve sizes because of the variability associated
with the pulverization process. However, consideration should
be given to the amount passing the 75-um (No. 200) sieve be-
cause milling tends to increase the filler content by two to three
percentage points (a maximum of 12 percent is reasonable).
Because of the variability of the material being cold recycled,
allowance must be made in the specification (from the viewpoints
of both engineering and economics) such that the gradation
reflects what is present in the roadway and not what the designer
considered to be optimum values (38). In addition to meeting
RAP gradation requirements, the scarification and pulverization
equipment should also be capable of reasonable accuracy in
cutting the existing pavement to a specified depth.

Asphalt Binder

The specified asphalt binder should conform to the appro-
priate standard AASHTO, ASTM, or state specifications for
emulsified asphalt, cutback asphalt, emulsified recycling agents,
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viscosity-graded asphalt cement or penetration-graded asphalt
cement. Specifications for emulsified recycling agents have been
developed by a committee of the Pacific Coast User-Producer
Conference on Asphalt Specifications (Table 3) (43).

Binder Content

The equipment for adding the modifier should be capable of
an accurate application rate such that the total binder content
of the recycled mix is equal to the job-mix formula amount
within a specified tolerance, typically = 0.5 percent. Provision
should also be made for the accurate application of any required
pre-mix water as specified by the job-mix formula.

Job-Mix Formula

The responsibility for establishing the job-mix formula and
required sampling procedures, test methods, and design criteria
for the mix design needs to be clearly outlined in the job specifica-
tions. The specifications for full-depth cold in-place recycling
generally do not place limits on the amount of RAP in the mix,
unless additional aggregate material is required to increase the
thickness of the stabilized layer. Extraction and recovery tests,
which are part of the mix design process, can be used to deter-
mine if any new aggregate is needed to improve the quality of
the RAP. .

New Aggregate

If new aggregate is to be incorporated into the recycled mix,
the aggregate should be tested for compliance with standard
specifications for virgin aggregate such as sand equivalence, re-
sistance to abrasion, and so forth.

EQUIPMENT

Equipment specifications for the various phases of construc-
tion can be either the method or end-result type. The user
agency’s choice of which to use will depend on factors such as
contractor and equipment availability, economics, and the de-
sired quality of work.

DENSITY

A major item in the job specifications is the required density
of the compacted mix, which can be specified in one of three
ways:

o Percentage of theoretical maximum density
o Percentage of laboratory density
o Percentage of field density

Some agencies recommend the use of percentage of theoretical
maximum density instead of percentage of lab density. Agencies
citing the problem with variation in the original pavement sug-
gest that a target density (i.e., an actual density in Ib/ft3 or other
units) combined with a rolling pattern that can be changed may

be the most realistic type of density specification (739). This
control-strip approach is used in Nevada and Pennsylvania.
The extent of agency experience with cold recycling and envi-
ronmental factors will probably determine which type of density
specification is appropriate. Typical specifications require air

- void contents in the 12 to 15 percent range.

To summarize, specifications for cold-mix recycling have
evolved from soil stabilization and other cold-mix type specifica-
tions. There are still insufficient performance data available to
develop statistically based quality assurance specifications for
recycling (138). It is suggested that the user agency remain flexi-
ble and allow for as many alternatives as possible to maximize
competition in order to produce the desired product at the least
cost. Furthermore, the user agency should (182):

« Be responsible for the adequacy of design alternatives.

e Write simple, straightforward specifications that clearly
state what is expected.

o Permit the contractor to select the materials and methods
that will accomplish the end result.

o Use standard specifications familiar to the contractors.

« Modify standard specifications only as necessary to obtain
the end result.

e Focus on end results by allowing the contractor flexibility
in choosing the most economical methods and procedures to
accomplish the work.

QUALITY CONTROL

To achieve a properly constructed cold-recycled pavement,
equipment must be selected, operated, and sequenced to provide
the following (138):

o Pulverization of recycled pavement material
« Proper water content (uniformly mixed)
¢ Proper binder content (uniformly mixed)
« Attainment of some minimum specified density
« Favorable temperature and moisture conditions for strength
development during the curing period
o Protection of the stabilized surface from traffic to prevent
abrasion and to ensure adequate time for strength development

Potential quality control problem areas for in-place recycling
can include:

e Depth of removal and pulverization

« Blending associated with addition of new aggregate, water,
stabilizers, or modifiers

o Degree of pulverization

« Distribution of modifiers, water, or stabilizers

e Variability in the pavement being recycled, including
patches, seal coats (full or partial), and crack sealing materials.

As can be seen from these lists of objectives and problem areas,
the quality assurance and quality control of cold-recycled mixes
are primarily related to equipment type and environmental con-
siderations. The limitations of a laboratory mix design have
previously been discussed. Consequently, materials selection can
often be a trial-and-error process. During construction, fluids
content and asphalt content can be checked, but these are time-



TABLE 18

1988 KANSAS OVERLAY PROGRAM

Type Miles Cost/Mile

2 in. Overlay 14,194 40,561

4 in. In-Place Cold Recycle and 39,848 31,516
3/4 in. Overlay

2 in. Hot Recycle 73,061 31,244

1-1/2 in. Overlay 326,475 28,819

4 in. In-Place Cold Recycle and 48,228 22,548
Conventional Seal

Mill and 3/4 in. Overlay 7,555 24,750

Hot Surface Recycle and 3/4 in. 31,322 23,544
Overlay

Hot Surface Recycle and Conv. Seal 26,916 20,270

1 in. Overlay 31672 18525

3/4 in. Overlay 56,908 15,944

1/2 in. Overlay and Conv. Seal 84,805 7,791

Conventional Seal 60,601 6,060

801,585
Other Surfacing Combinations 117,484
Total 919,069

consuming processes and the commonly used extraction proce-
dures (centrifuge, reflux, and vacuum) have a relatively low
degree of precision associated with them (/83). The number of
roller passes required to achieve the specified density can be
monitored by means of a nuclear gauge. However, because
strength development is a function of curing time and conditions,

early coring of the pavement may be difficult or impossible and ‘

running stability tests on compacted samples of the mix will have
little meaning. Testing by Purdue University (/84) during a
study of cold recycling using central-plant mixing and emulsified
asphalt as the modifier found considerable variation in mix prop-
erties. The Hveem stability of cores obtained after placement of
surface course ranged from 10 to 40 and densities ranged from
133 to 155 Ib/ft>. In spite of these variations, the subject pave-
ment has performed well for more than three years. Of course,
long-term performance data, as with most other cold-recycled
projects, are still lacking.

Until such time as statistically based quality assurance specifi-
cations are developed, the local experience and specialized
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knowledge of contractors, equipment manufacturers, materials
suppliers, and the user agencies will have to be relied on in setting
the standards for the various types of cold recycling operations.
Typical guidelines from experienced agencies include:

e Cold in-place recycled mixtures should not be placed in
depths greater than about 3 to 4 in., because curing can be a
problem, nor should depths be less than about 2 in., because
segregation may be a problem during construction.

« Softening of the recycled mix may occur within the first
two to three days. Some agencies reroll the pavement at this time
to obtain additional density.

« An excessive amount of initial compaction can cause prob-
lems. However, several states, including New Mexico and Penn-
sylvania, do not reroll their pavements after construction.

o Traffic should not be allowed on the recycled pavement for
a minimum of 2 hr after compaction.

o If the surface starts to ravel under the action of traffic,
traffic should be controlled and a finish roller should contmue
to compact the pavement.

« Rain within 24 hr of construction can create performance
problems.

< Before-placing-the-weafing-surface; -curing_should-be-al-

ottty e Aty e
(lowed -to-reduce_the moisture content to the | 1 6 I-5 percent

range Smnng for 7-to-14 days is. ays is. typically used.
L’Etg-seasonzconstructlon can cause performance probléms:

« An asphalt wearing course that is placed over the recyéled
base should be an open-graded mix to allow curing to continue
for an extended period of time. A dense hot mix can trap diluent
or water.

« Problems with density control are common. Nuclear density
devices provide relative numbers. Cores may not be able to be
obtained without proper curing (which may be one year).

The ARRA questionnaire provides a summary of existing
specification requirements (32). Eighty-three percent of the agen-
cies using cold in-place recycling monitor density. Twenty-seven
percent of these agencies measure field density with core samples,
41 percent with nuclear density gauges, and 9 percent with a
sand cone. Some agencies specify density (23 percent) by a de-
scription of a rolling pattern.

Various density reference standards are used. The 50-blow
Marshall procedure is used by 52 percent of the agencies, 32
percent use 75-blow Marshall, 12 percent static compaction, and
4 percent gyratory.

RAP moisture content and asphalt content is tested by 37
percent of the reporting agencies. RAP asphalt physical proper-
ties are measured by 18 percent of the agencies. Twenty-five
percent test the final recycled material for gradation.

Field adjustment of the binder content is allowed by 66 percent
of the agencies. Workability and experience is the basis for ad-
justment.
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CHAPTER NINE

CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

¢ Cold in-place recycling is a viable engineering and economic
rehabilitation alternative for asphalt-surfaced pavements with
moderate to low traffic volumes.

o Cold in-place recycling is a rehabilitation alternative that
can be used to rehabilitate the pavement from the “bottom up”
and thus can be used to strengthen a roadway with minimal
change in the vertical cross section. ThlS technique also lends
itself to stage construction.

o Two forms of cold in-place recycling with asphalt binders
have evolved in the United States: full-depth and partial-depth.
The full-depth process uses the full flexible pavement structure
and/or predetermined portions of base and/or new aggregate in
combinations with an asphalt binder. The partial-depth process
primarily uses existing asphalt-bound materials and typically
recycles 2 to 4 in. in depth. Higher-quality, more uniform paving
mixtures are usually produced from the partial-depth process.

« Mixture design methods have been developed for both full-
depth and partial-depth cold in-place recycling operations.
Emulsion contents of 0.5 to 3 percent are used. Quantities in the
range from 0.5 to 1.5 percent are used for the partial-depth
operations, whereas quantities in the range from 1.5 to 3 percent
are used for the full-depth operations. Medium-setting and high-
float emulsions and emulsified recycling agents are typically used
with the partial-depth operations. Slow-setting and medium-set-
ting emulsions and soft asphalt cements are typically used with
the full-depth operations. Mixing water contents are established
as part of the design process.

Physical properties of cold in-place recycled materials are
typically between those of ar: asphalt concrete mixture and a
cold, asphalt-stabilized base material. Because properties vary
from project to project, laboratory tests should be used to estab-
lish strength coefficients.

« Construction equipment and contractor capability are avail-
able to perform quality cold in-place recycled projects. Contrac-

tors have developed high-capacity, mobile equipment that cre-
ates minimum disruption to traffic during construction.
C‘Surfacm*g‘”matenals-should be placed«on all old in= pla%e

a,14 days-1s~typl’”'lly—requf"?xtmachmve’tl?‘e‘?nmsture contents,
depending=on=local climate.

o General performance data have been collected by several
states. Overall performance has been very good on a large per-
centage of the projects. Some problems with raveling, rutting,
and cracking have been noted. There is a lack of data on long-
term performance.

¢ Adequate specification and quality control guidelines have
been developed by state highway agencies.

RECOMMENDATIONS
Research should be conducted to better define the following:

o Structural coefficients of both full- and partlal-depth cold
in-place recycled materials.

o Life-cycle costs (first costs, life-cycles, needed rehabilita-
tion, and maintenance alternatives).

o Field density control techniques.

o Laboratory mixture design‘ techniques (compaction and
curing techniques to simulate field conditions).

o Equipment that will offer better control of the gradation of
the mix produced.

o Effects of different diluents in the recycling agents.

o Use of cold-recycled bituminous concrete as a base on high-
volume highways.
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" DEPARTMENT OF TRANSPORTATION

DIVISION OF CONSTRUCTION
Office of Transportetion Laberatery
P. O. Box 19128

Sacramente, Catlifernic 95819

METHOD OF TEST FOR DETERMINING THE PERCENT AND GRADE OF RECY-
CLING AGENT TO USE FOR COLD RECYCLING OF ASPHALT CONCRETE

A. SCOPE

_This procedure is used to determine the percent
and grade of recycling agent to use for recycling
asphalt concrete when the cold method of recycling
is used.

B. APPARATUS

1. A jaw crusher which can be adjusted to produce
material passing the No. 4 sieve. A sledge hammer
may be used to reduce oversize particles enough to
permit the material to be fed into the crusher.

2. Hot asphalt extractor as described in California
Test 310.

3. Two ovens, one capable of maintaining a tem-
perature of 140° = 5°F with provision for free circula-
tion of air through the oven and another capable of

iintaining a temperature of 300° = 9°F. A mi-
Crowave oven may be used in lieu of the 300°F oven.

4. Balance, 5 kg. capacity; accurate to 1 gram.

8. Sieves, U.S. Standard sizes; 1 in., % in., % in., %
an., Nos. 4, 8, 16, 30, 50, 100, 200.

%al Sample splitter for aggregates, 1 in. riffle type or

7. l.’ans, 10 in. diameter, 2 in. deep.
8. Pans, 11 in. X 7 in. X 1 in. deep.
9. Trowels, small pointed.

C. MATERIALS
1. Emulsified recycling agents.

D. PREPARATION OF SAMPLES
1. Gradation

a. Pavement Cores or Chunks
1) Trim samples so that only that portion desig-
nated for recycling remains.
2) Prepare an 800 gram representative sample
of the proposed recycling mix.
a) Determine the asphalt content using
Calif. Test 310.
b) Determine aggregate gradation after ex-
traction using Calif. Test 202.
3) Crush the remaining material proposed for
recycling to conform (approximately) to the
following gradation prior to extraction:

Sieve E
Size Pasting
® Determine by drawing a straight line  1° 100
betweenplo:odpdnufwhl'nd % ’
#4 sieves as illustrated on Figure 1.  %° i

#4  T0% of the amount

b. Pulverized Field Samples
1) Prepare field samples representative of the

material processed by the contractor (mill-

ing and/or crushing) and ready for field mix-

ing as follows:

a) Dry to a constant weight in an oven
(maximum temperature 140°F).

b) Remove from oven and cool to room
temperature.

¢) Quarter out 2000 * 1 grams.

d) Determine and record the gradation (%
passing) by hand sieving through the fol-
lowing sieves:

1%
17 #
% 'l
% L
#4
2. Viscosity of Aged Asphalt
a. Prepare a 3500 gram sample representative of
the material to be recycled and send to
TransLab in Sacramento. Request that the as-
phalt physical properties be determined via the
Abson Recovery Test.
3. Recycling Agent—Amount and Grade.

a. Determine approximate total bitumen require-
ment (ABR) using the formula:
ABR = 4R + 7S + 12F 1]
‘100
where, after extraction: R = %retained #8
S = % passing #8 and
retained #200
F = % passing #200
Record data on Form No. DH-TL-312

‘Whmmpnﬁuthembmm.dmysnlpn&ntlm”u
the 1° sieve.
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b. Determine the amount of recycling agent to
add by subtracting the asphalt content of the
old pavement from the ABR. Divide the re-
mainder by .60 to obtain the percent of emuls-
fied recycling agent to add.

¢. Determine the amount of recycling agent (%)
in the final blend (asphalt and recycling agent)
by dividing the residua/ amount of recycling
agent to be added by the total binder content.

d. Using the nomograph for viscosity (Form 314),
plot the viscosity of the aged asphalt (use cen-
tipoise) on the left viscosity scale and connect
that point with lines extending to points repre-
senting the viscosities of the residues for the
various emulsified recycling agents on the right
vertical scale, thereby creating a family of
curves.

®. On the nomograph, locate the percent of recy-
cling agent in the blend on the lower horizontal
scale and draw a vertical line from this point.

f. At the intersection of the above established ver-
tical line and the horizontal viscosity line for
AR-4000, note the closest recycling agent curve.
Select this grade of recycling agent to begin test-
ing.

4. Prepare the test specimens for the stabilometer

valuation as follows:

a. Prepare six 1200 gram samples using material
prepared in accordance with D 1. a. or D 1. b.

b. Save one sample for determining maximum
specific gravity (ASTM D-2041) and one sample
for future testing if needed.

c. Dry four samples to a constant weight in a 140°F
oven.

d. Remove the four samples from the oven and
cool at room temperature for 2 hours * 30 min-
utes.

e. Add 20% water to each sample by dry weight
of the mix and thoroughly hand mix.

f. To one sample, add the amount of emulsion cal-
culated in Paragraph 3b and thoroughly hand
mix (aggregate, emulsion and mixing at room
temperature, 73 * 5°F).

g Add lesser and greater amounts of emulsion in
0.8% increments. General practice is to in-
crease the content on one sample and decrease
it on two samples. Mix each sample thoroughly
after the addition of the emulsion.

E. CURING
1. Place in standard curing pans (7° X 12" X 1°)
and cure at 140°F for 16 * 1 hours.

F. FABRICATION OF THE STABILOMETER TEST SPECI-
MENS

1. Prepare compaction mold and mold holder by
placing in a 140°F oven for 30 minutes prior to use.
If several samples will be compacted in succession,
the mold holder may be used after the first preheat-
ing without additional heating.

2. Place mold in mold holder and this assembly
into position in the mechanical spader. (If a me-
chanical spader is not available, proceed to para-
graph “8".) Place a metal shim %° thick,
approximately %° wide and 2!4° long under the
mold adjacent to the portion of the mold holder that
extends up into the mold. Place a 4 diameter card- -
md disk into the mold on top of the mold holder
3. Weigh out sufficient mix to provide a specimen
between 2.40° and 2.60° in height for the stabilome-
ter test.

4. Separate the coarse and fine material by screen-
ing the mix through a !4° sieve onto a flat metal
scoop. '

5. Arrange the separated material into two paral-
lel rows across the width of the scoop with the finer
material closest to the scoop handle.

6. Introduce the mix onto the feeder belt of the
mechanical spader, exercising care so as not to dis-
turb the size arrangement effected on the metal
scoop.

7. Start the mechanical spader and operate until
all of the material has been introduced into the com-
paction mold. Proceed to step 9.

8. In lieu of the mechanical spader described
above, a specially constructed feeder trough 4 in.
wide and 16 in. long may be used for introducing the
mix into the mold. Thoroughly mix and disperse the
heated material on the trough (which has also been
preheated to approximately the compaction temper-
ature to be used) to insure a uniform sample when
transferred to the mold. Place the mold in position in
the mold holder and place a 4 in. diameter cardboard
disk into the mold on top of the mold holder base.

Use a paddle, shaped to fit the trough, to push
one-half of the material into the mold. Rod the
material 20 times in the center of the mass and 20
times around the edge with a bullet nosed steel rod
3 in. diameter, 16 in. long. Then push the remainder
of the sample into the mold and repeat the rodding
procedure. Perform these operations as rapidly as
possible to prevent cooling of the sample. If two feed-
er troughs are available, the work can be expedited
by preparing another sample while one is being com-
pacted. The extra trough containing the next sample
is kept in the oven until ready for compaction.



9. Place mold holder containing the mix and mold
into position in the mechanical compactor.

10. Start the compactor and adjust the air pressure
so 250 psi will be exerted by the tamper foot. Keep
the tamper foot hot enough to prevent the mix from
adhering to it.

11. Apply approximately 20 tamping blows at 250
psi pressure to accomplish a semi-compacted condi-
tion so the mix will not be unduly disturbed when the
full load is applied. The exact number of blows to
accomplish the semi-compaction shall be deter-
mined by observation. The number of blows may
vary between 10 and 50, depending upon the type of
material. :

12. Remove the %, in. shim and release the tighten-
ing screw sufficiently to allow approximately Y% in.
side movement under load. Then raise the compac-
tion pressure to 500 psi and apply 150 tamping blows
to complete the compaction in the mechanical com-
pactor. ‘

13. Apply a total static leveling-off load of 1250 lbs.
in the testing machine at a head speed of .05 in. per
minute with the bottom of the sample in contact
with the lower platen of the press. Release the ap-
plied load immediately. '

14. Measure the height of the test specimen to the
nearest 0.01 in. and record for later use.

.G. TESTING

1. Stabilometer Test

a. Test for stabilometer value at 140°F in accord-
ance with Calif. Test 366.

2. Specific Gravity and Voids

a. Use the stabilometer test specimen and deter-
mine the specific gravity of the briquette using
Method A of Calif. Test 308.

b. Place a 1200 gram sample (from D 4. b.) of
salvaged AC in a container as required and de-
termine the salvaged AC specific gravity using
ASTM Test Procedure D-2041.
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¢. Calculate the void content of the test specimen

as follows:
100 halt Residue
Max.Sp.Gr. = 100 _ + _% Asphalt Residue
Salv.AC Sp. Gr. Sp.Gr.Asph.
Relative Density = Sp.Cr. Brig.
Max.Sp.Gr.

Percent Voids = 100—Relative Density

H. RECOMMENDATION

1. Optimum Bitumen Content (OBC). Recom-
mend the highest emulsion content that provides a
specimen with the desired stabilometer value *, no
evidence of surface flushing or bleeding, and a mini-
mum of 4% voids. Slight flushing is considered as no
f way stabilometer value = 30 min.
Shoulder stabilometer value = 25 min.

. CORRECTION OF GRADE OF RECYCLING AGENT

1. Replot the final binder content data on the vis-
cosity nomograph. If this results in the need to use a
grade of recycling agent different than the one test-
ed, retest using the recommended amount with the
newly designated recycling agent.

J. REPORTING OF RESULTS
1. Use Form TL 302 for recording and reporting
test data.
2. Report: 1) Asphalt extraction
- 2) Extracted grading
3) Grading prior to extraction
4) Grade of recycling agent to use
5) Amount of recycling agent (OBC)
6) Voids at OBC :
7) Viscosity used as a design basis
(1000, 2000, 4000 or 8000)
End of Text (3 pages) en Celif. 378
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TEST REPORT NO.

Location: Dist. Co. Rte. P M.
Contract No. : COLUMN | F] l 3 4
ot Y
DATA ereL
(NEASURED)| CALC RECONN. |(ygasurED)

DATE: -

(A) Asphait Content, %

(8)

. Gr.
Se.Gr.1308¢C {D rested @ 140°F

) 0 ——
Asphalt
i .
Demand 2 {v) {vg) —
(3) (8, -a) (T)+ 8, —
(© Compacted @ 230°F
Stab. Vaive jlested ® 140°F —— —
Calit. T.366| COmPacted @ 140°F
— Tested gg4g;r
i Compocted @ 230°F
(D) Colit.l() Jonted © 140SF
T™ Compaocted © 140°F

(ASTM)D~-2041

($)Thcoruical Max. Sp.Gr.

(E) %voids (100~

(F) Penetration @ 77°F

(6) viscosity @ 140°F, P

(H) Aggregate Gradation:

R, retained ¥8,%

S, passing ¥8,retgined #200,%
F, passing *200, %

Grade of recycling agent used

NOTES:
Calculate B's ﬂ-‘io:’:;'zf x!iz

. a'
Emulsion s Rz

7o

COMMENTS:
Virgin aggregaote asphalt content is
based on AR Grade 4000 if a recycling
agent is to be used as a dinder.

(B) Asphalt Demand
0:=100% Salv.AC
V= %of Virgin Aggq.

Vg=8inder Content For
100% Vvirgin Agq.

Tz% of Salvaged

Form No. OM-TL-3i12
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WEIGHT PERCENT RECYCLING AGENT IN BLEND

TO USE: Draw a stroight line connecting viscosity of aged asphait with
viscosity of recycling agent. Draw o vertical line up from the percent re-
cycling agent in blend. The two lines intersect at predicted opproximate

viscosity of the recycled asphalt.

Form No. DH TL-314

NOMOGRAPH FOR VISCOSITY



COLD MIX RECYCLING MANUAL
MIX DESIGN

The primary objective of the cold mix recycling design procedure is
to produce a paving mixture comparable to a cold mix made from all
nev materials. Laboratory tests, empirical formulas, or past
experience with similar jobs are used to establish the initial
emulsified recycling agent content. Adjustments to binder content
might be made after field construction begins.

The percentage of reclaimed asphalt pavement to be used in the mix
is normally specified early in the mix design procedure. Up to 100%
reclaimed asphalt pavement can be used in cold mix recycling. The
exact percentage depends on the mix characteristics of the reclaimed
material and the desired end product. The type and grade of
emulsified recycling agent is determined by the properties of the
asphalt and aggregate extracted from the reclaimed asphalt pavement.

The Chevron Cold-Mix Recycling Design Procedure is summarized in the
flow diagram in'Figure 2. The Chevron procedure has 6 major steps:

The quality of the reclaimed aggreg&te can also be
checked and improved, if necessary, by the addition of
untreated aggregate. Tests for aggregate quality
include:

(1) Wear - Los Angeles Abrasion Test, ASTM C-131

(2) Crushed Faces - State of California Method 20S-E

(3) Soundness, ASTM C-88

(4) Acid Resistance (limestone surface mixes), ASTM D-

3042

The extracted aggregate should be saved for blending with
the untreated aggregate for estimating asphalt binder

1. Evaluate the reclaimed asphalt pavement.

2. Select the amount and gradation of untreated aggregate required.A
3. Estimate asphalt binder demand.

4. Select type and grade of emulsified recycling agent.

S. Proportion and test trial mixes.

6. Establish job mix formula.

Each of these steps is described below.

STEP 1 - Evaluate Reclaimed Asphalt Pavement.

The first step is to extract and recover the asphalt and
aggregate from the reclaimed asphalt pavement and
determine:

a) The asphalt content of the reclaimed asphalt pavement
using ASTM Method D-2172 or equivalent.

b) The consistency of the asphalt in the reclaimed asphalt
pavement. If the reclaimed asphalt pavement contains
more than one percent asphalt, recover the asphalt by
ASTM D-1856. 1If the reclaimed asphalt pavement
contains less than one percent asphalt, assume the
asphalt cannot be recovered and treat the reclaimed
asphalt pavement as untreated aggregate. Determine the
viscosity at 60°C (140°F) of the reclaimed asphalt by
ASTM D-2171.

If the viscosity of the reclaimed asphalt is too high
to easily measure, estimate the viscosity at 60°C .
(140°P) using Pigure 3 from measurements of penetration
at 25°C (77°F) by ASTM S and viscosity at 135°C (275°F)
by ASTM D-2170. .

c The gradation of the aggregate extracted from the

) reclaimed asphalt pavement using ASTM C-136. This
sieve analysis is used to determine if the reclaimed
aggregate is deficient in one or more of the aggregate
fractions (coarse aggregate, sand, mineral fxller):
Any deficiency in the gradation can be corrected with
the addition of untreated aggregate of the proper size
and gradation.

demand.
FIGURE 3
ASPHALT CONSISTENCY~TEMPERATURE CHART
E
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STEP 2 - Select the Amount and Gradation of Untreated Aqqregate

Aggregate gradations suitable for cold recycled mixes are
given in Table 4. Up to 100% reclaimed asphalt pavement
can be used in cold mix recycling. The gradation of the
aggregate extracted from the reclaimed asphalt is examined
and, if necessary, untreated aggregate is added to adjust
to the desired gradation. Procedures for analyzing and
blending aggregates are found in Mix Design Methods for
Asphalt Concrete and Other Hot-Mix Types, MS-2, The Asphalt
Institute.

The amount of untreated aggregate used in the recycled mix
is determined by the amount present in an untreated base of
the pavement to be recycled, the amount of emulsified
recycling agent that can be added to the reclaimed asphalt
pavement or the adjustment required to give the final
aggregate gradation and quality desired.

STEP 3 - Estimate Asphalt Binder. Demand

Method A - By CKE method.

The asphalt demand of the reclaimed asphalt pavement or
combined reclaimed asphalt pavement and added aggregate can
be estimated from the Centrifuge Kerosene Equivalent (CKE)
Test as described in MS-2, The Asphalt Institute. The
aggregate used in the CKE procedure is the gxtracted
aggregate from the reclaimed asphalt pavement or the blend
of extracted aggregate and added aggregate selected in STEP

The percent of emulsified recycling agent required for cold
mix recycling, Pc, based on weight of aggregate, is
determined from the formula: .

Equation 1 Pc = PR - (ga x P

Where: Pc = percent* emulsified recycling agent**

PR = percent* asphalt demand** by CKE

Pa = percent* asphalt** in reclaimed asphalt
pavement.

Pp = decimal percent reclaimed asphalt pavement
in the recycled mix

R = decimal percent emulsion residue, normally
60-65%

* Expressed as a whole number.
** By weight of aggregate.

Method B - By aggregate gradatioh.

The percent of emulsified recycling agent required for cold
mix recycling, Pc, based on weight of aggregate, is
determined from the formula:

Equation 2 Pc = Pe - Pa %22%
R

Where: Pc = percent* emulsified recycling agent**

Pe = 0.05A + 0.1B + 0.5C; total percent* of emulsified

binder required, by weight of aggregate (binder
includes asphalt extracted from RAP and
residue from recycle agent).
A = percent* of aggregate retained on the
2.36mm (No. 8) sieve.
B = percent* of aggregate passing the
2.35mm (No. 8) sieve, and retained

STEP 4 -

STEP § -

STEP 6 -

on the 7Smm (No., 200) sieve.
C = percent* of aggregate passing the
75mm (No. 200) sieve.
Pa = percent* asphalt** in reclaimed asphalt °
pavement.
Pp = decimal percent reclaimed asphalt pavement
in the recycled mix.
R = ggcéggl percent emulsion residue, normally

* Expre§sed as a whole number.
** By weight of -aggregate.

No less thgn 2% emulsified recycling agent should be used.
If the design calls for less than 2% emulsified recycling
agent, additional untreated aggregate should be added to

the reclaimed asphalt pavement and the binder demand
recalculated.

Select Type and Grade of Emulsified Recycling Agent

A guide to the selection of emulsified asphalt or recycling
agents for cold mix recycling is given in Table 3. These
low viscosity residue emulsions are recommended for
reclaimed asphalt pavements that contain high viscosity
(lov penetration) asphalts. Standard emulsified asphalts
recommended for cold mix recycling include soft residue,
slow and medium-setting cationic and anionic emulsions.
Certain high float emulsions are also recommended. Soft
residue quick-set emulsions have been successfully used in
mix-in-place recycling.

Proportion and Test Trial Mixes

Trial mixes are prepared at 1% below the estimated
emulsified recycling agent content, at the estimated
content, and 1% and 2% above the estimated content, but in
no case, lowver than 2%.

Mixing and testing of trial mixes is done in accordance
wvith procedures presented in Appendix A of the Chevron
Bitumuls Mix Manual or Method 1 in A Bagic Asphalt Emulsion
Manual, MS-19, The Asphalt Institute.

Reclaimed asphalt pavement or blends of reclaimed asphalt
pavement and untreated aggregate are substituted for new
aggregate in the design procedure.

A flow diagram of the testing schedule for cold recycled
mixes is given in Figure 4. The recommended design
criteria for cold recycled mixes are given in Table 6.
Early cure and fully cured conditions are considered.

Resilient modulus provides a valuable guide to the initial
proportioning of components (reclaimed asphalt pavement,
untreated aggregate, mixing water, and emulsified recycling
agent) in the cold recycled mix. Limiting resilient
modulus values of 150,000 to 600,000 psi at 73°F on a fully
cured core are suggested. Values higher than 600,000 psi
indicate a high viscosity (hard) binder that could produce
mixes susceptible to low temperature cracking and surface
ravelling., Values lower than 150,000 psi indicate a soft
binder in the mix that could result in permanent
deformation or surface flushing problems.

Establish Job Mix Formula

The lowest emulsified recycling agent content (minimum of
2%) that meets the design criteria in Table 6 is selected
as the design binder content. Adjustments to the binder
content might take place in the field if construction
conditions warrant a change.
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The job mix formula consists of the proportions of
reclaimed asphalt pavement and untreated aggregate,
percentage of mixing water added (if needed), and

percentage of emulsified recycling agent added.

FIGURE 4

TESTING SCHEDULE FOR COLD RECVCLED MIXES

Mixing Test,
% Ceating

Y

Mix Compation™

Y

Initial Cure®

\

'

Final Cure®®

7

Resistance
A-Valus @73 t 3°F

\

Final Cure +
Watsr Soak®

'

Resitiant Modulus
MB7313F

l

. Cohesiomater
CValus @73 £ 3°F

\

Rasistance
R-Value @73 £ 3°F

Statilometer
S-Valus @ 140 £ 5°F

B!

'

Cohesiometer
CValus @73 £ 3°F

Coheslometer
C-Valus @ 140 2 5°F

“Yacludes 10-50 blows {250 psi) knasding and 40,000 (b. double plunger.
“Cure conditions are describad in TABLE 6.

DESIGN LE #1

A rural roadway is sampled and found to consist of a 2 in. asphalt
road mix surface course over 4 in. of untreated gravel base. The
surface and top 2" of untreated gravel base are to be recycled with
SS-1 emulsified asphalt in a travel plant. A new 2 inch open graded
mix will be placed over the recycled mix. Extraction tests indicate
the asphalt content of the reclaimed asphalt pavement to be 5.7
percent. The gradation of the aggregates contained in the surface
and base courses are as follows:

Percent Passing 50/50

Sieve Size Surface Course Base Course .Blend Spec.
19.0mm (3/4 in.) 100 - 100 100
12.5mm (1/2 in.) 100 100 100 100
9.5mm (3/8 in.) 93 100 96.5 90-100 .
4.75mm (No. 4) 76 50 63 60-80
2.36mm (No. 8) 56 30 43 35-65
300 m (No. 50) 20 10 15 6-25
75 m (No. 200) 10 6 8 2-10

The ratio of reclaimed asphalt pavement to total pavement (surface
and base) is 2 in./4 in. = 0.50..

Using Method B, the total emulsified asphalt binder demand, Pe, is:

Pe = 0.05A + 0.1B + 0.5C

A = 57%
B 35%
C 8%

Pe = 0.05 (57) + 0.1 (35) + 0.5 (8)
Pe = 2.85 + 3.50 + 4.00
Pe = 10.35%

Prom Equation (2), the estimated amount, of SS-1 emulsified asphalt
required, Pc, in the recycled mix is:

Pc = Pe - Pa (EE)

Where: Pe = 10.35%
: Pa = 5.7% (asphalt in reclaimed pavement)
Pp = 0.50% (reclaimed asphalt mix in trial mix)
R = 0.60% (adjustment fcr 60% residue emulsion)
Pc = 10.35 - 5.7 (0.50)

(0.60)
Pc = 10.35 - 4.75 = 5.6%

Trial mixes containing 50% reclaimed asphalt surface mix and S50%
untreated base are prepared with 4.6%, 5.6%, 6.6%, and 7.6% ss 1 by
weight of the blend of surface mix and base.

Test results on the trial mixes are compared in Table 7 with the
design criteria. An initial binder content of 4.6% SS-1 emulsified
asphalt is selected from Table 6 for cold mix recycling on this ;ob
This is the lowest binder content that satisfies the design
criteria. The binder content is subject to adjustment in the fleld
if warranted by construction conditions.
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TABLE 6

DESIGN CRITERIA FOR COLD RECYCLED MIXES

SPECIFICATION
Test Method
Coating, % 75 min.
Resistancs Initial cure”® 70 min.
R -Value @
) Final cure®
73 £ 5°F + water soak »78' min.
Cobesiometer laitial cure™ 50 min.
CValue @
Final cure”
13 £+ S°F + water soak” 100 min.
Resilient
Modulus, M, ‘Final cure” 150,000-600.000
psi@73 £ 3°F
Stabilometer
$-Value Final cure® 30 min.
@140 £ 5°F
Cahesiometer
C-Value @ Fioal cure” 100 mia.
140 £ 5°F

“Cured in the mold for a total of 24 hrs. @ a temperature of 73 + 5°F.

“Cured in the mold for a total of 72 hrs. @ a temperature of 73 + 5°F plus 4 days’ vacuum desiccation at 10-20 mercury.
“"Yacuum saturation at 100mm of mereury. ’

NOTE: Besides mesting the sbove requirements, the mix must be reasonably workable (i.0., net too stiff sr sloppy).



@ 140°F

"TABLE 7

TEST RESULTS ON COLD RECYCLED TRIAL MIXES

Final cure®

Fissl cure®

Final cure®

i Test Methed

e e e g e

'L Ceating. % [

: R-Value }

; @73 £ 5°F
Cohssiomaster ,
C-Value
873 +5°

- R

; Resilient

N Modulus, M,

i psi@73:3F |

g Stabilometer :

: S-Value :

!

. @ 140°F }

:L . - B S

i

i C-Value i

|

' l

DESIGN EXAMPLE #1

“Cured in the maid for a total of 24 heurs at a temperaturs of 73 £ 5°F. _
>Cured in the mold for a total of 72 hours at a temperature of 73 £ 5°F, ¢ § days’ vacuum desiccatien at 10-22mm mercury.
‘“acuum saturatios at 100mm of mercury.
NOTE: Besides meeting the above requirements, the mix must be reasonsbly werkabls (i.a., net toe stiff or sloppy).
" Mixing water was 3%.

v " T T, ";f .
Emulsified Recycling Agent (SS-1), % i
!l. - —_- g . —_ _.‘_'.. —_—— -__{E ) Mu i
i a8 5.8 &6 | 18 | Criteria
R e B + ‘
! 95 95 95 | 85 i 75 min, ,
. 4 fem e .4.._- o ———— -— e .+.-—- g = —-—I
103 . 103 101 102 ! 70 min. f
|
T 9i 9 | TR 78 mis.
T N i S SR N
05 | 325 335 234 50 min. !
i 254 287 283 | 287 i 100 min. :
. ' 1 i
1 : - St S
; i Nk :
540,000 :© 380,000 | 210,000 180,000 150,000-
. : : ; 600,000
I | s i
o | |
] | |
il 4 “ “u “u | 30 min
! ? |
— —_ S oS
- I : |
i i : !
| hej 130 L] ii 100 min.
| I
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Design Example #2

A city street is to be recycled cold using 100% reclaimed asphalt
pavement. The asphalt content is found from extraction tests to be
5.0 percent by weight of aggregate. The recovered asphalt has a
penetration of 38 at 77°F. The recycled pavement will be overlaid
with 2 inches of new asphalt concrete mix. Chevron emulsified
recycling agent CEMA-1 is selected for cold mix recycling of the
base.

The gradation of the aggregate extracted from the reclaimed asphalt
pavement is:

Sieve Size Percent Passing
3/4" 100
1/2" 97
3/8" 93
No. 4 76
No. 8 56
No. 50 20
No. 200 10

The extracted aggregate satisfied the processed dense-graded
requirements. Therefore, no adjustment in aggregate properties was
necessary.

The asphalt binder demand of the extracted aggregate is determined
to be 6.0 percent from the CKE Test.

From Equation (1), the estimated percent CEMA-1l required, Pc, is:

pc=pa-(§§xm

Where: PR (CKE oil ratio)

= 6.0
Pa = 5.0 (asphalt in reclaimed pavement)
Pp = 1.0 (RAP in mix)
R = .60 (adjustment for 60% res. emul.)
pc = 6.0 - (5.0 x 1.0)
.60

Pc = 1.7% (Use 2% minimum as stated in Step 6.)

Trial mixes containing 100% reclaimed asphalt pavement are prepared
with 2.0%, 3.0%, and 4.0% CEMA-1 by weight of the reclaimed mix. It
is found that 3.0% mixing water is needed to give good coating to
the reclaimed mix.

Test results on the trial mixes are compared in Table 8 with the
design criteria shown in Table 6. An initial binder content,
subject to adjustment in the field, of 3.0% CEMA-1 is selected for
recycling on this job. This is the lowest binder content that
satisfies the design criteria.



TEST RESULTS ON COLD RECYCLED TRIAL MIXES

- .
Test Methed
1

Ceating. % l— A
i Resistsace l-mal e.u"
i R-Vaive Final cure®
| + water soak®
] @73 £ 5°F
! Cohesiometer Initisl eln‘“
; C-Value Final cure”™
’ + water soak™
1 @73 £ 5°F
- — -
| Resilieat

Modulus, M, Final cure®
| psi@73+3°F
! R R
ir Stabilemeter
i
! S-Vaive Final cure®

@ 140°F

Cehesiometer

C-Vaive Final cure®

@ 180°F

S

TABLE 8

"Cured in the meld for a total of 24 heurs at a temperature of 73 + 5°F.

*Cured in the meld for a total of 72 hours at a temperature of 73 £ 5°F, * 4 days’ vacuum desiccation at 10-22mm mercury.

*Yacuum saturatien at 100mm of mercury.

NOTE: Besides mesting the above requirements, the mix must be reasonably worksbis (i.e.. net toe stiff or slowv)

Mixing water was 3%.

DESIGN EXAMPLE #2
- YT S

2.0 30 40 l
85 95 85 75 mia.

i 107 108 104 v 78 mia.
107 109 102 78 mia.
348 387 321 50 mia.
309 340 278 100 mia.

_1:... -——

! 150.000-

{640,000 310,000 250,000 600,000

!

. _i.._ — e am -

i 40 42 k) 30 min. l

| |
253 180 . 182 I

IL



APPENDIX C

OREGON MIX DESIGN METHOD

ROUTINE CIR MIX DESIGN PROCEDURE

1.0 Determine the following from the sample obtained with the 16-in mill:
1.1 Asphalt content, in percent, and extracted gradation
1.2 Penetration at 77°F, in dmm.
1.3 Absolute Viscosity at 140°F,’in poises.
1.4 RAP Gradation (1/2°, 1/4", and No. 10)
2.0  Determine the estimated emulsion content from Figure 1 and the following equation:
ECer = 12 + Ag + Ay + A,y
where:
ECe.=estimated emulsion content, in percent
A= adjustmeni for gradation, in percent
A= adjustment for asphalt content, in percent
Acv= adjustment for penetration or viscosity, in percent
NOTE: For borderfine cases in Figure 1, use the adjustment resulting in a
lower estimated emulsion content. For discrepancy between penetration
and viscosity adjustments (Figure 1), use the adjustment resulting in
a lower estimated emulsion content (See Example in Figure 1).
.3.0 Prepare test briquets using the following procedure:
3.1 Split the millings into approximately 15,000 gram batches.
32  Screen the sample on the 1-in sieve. Reduce all material retained on the 1-

in sieve such that 100% of the sample passes the 1-in sieve using a hammer
or chisel. .

3.3 Batch five 1100 gram * samples of the millings at the adjusted gradation.
The adjusted gradation is determined from Figure 2. Determine the asphalt
content.

3.4 Using the remaining material determine the optimum total liquids content
using OSHD TM-126 with the modification that the optimum total liquids
content occurs at at liquid loss of 1-4 ml (1-4 grams). The Appendix
summarizes.the procedure for determining the optimum total liquids content.

4.0

5.0

35

3.6
3.7

38

39

3.10

Calculate water contents (based on dry weight of millings) to be added to
the samples for each emulsion content using the following equation:

“%water = opt. total liquids content - %emuision content

Briquets are to be prepared with emulsion contents at the estimated emulsion
content (ECeq,), at ECyq; - 0.3%, at EC; + 0.3%, at EC.; + 0.6%, and at
ECesr + 0.9%.

Heat the five 1100 gram samples to 140°F + for 1 hour.

Add the water calculated above to the five samples and thoroughly mix by
hand. .

Add the emulsion contents to the premoistened millings. The emulsion is to
be preheated to 140°F + for 1 hour and mixed thoroughly into the batch by
hand. :

Dump the material into a 12-in x 17-in baking pan and allow to cure for 1
hour at 140°F + to simulate the average time elapsed between the paver
laydown and the initial compaction during actual construction.

Mold the samples using standard Hveem procedures to produce 2.5-in %
briquets as described below:

1) Preheat molds to 140°F +.

2) Compact the samples using 50 blows at 500 psi.

3) Cure the briquets overnight at 140°F + and recompact 50 blows at
500 psi.

4) Laypthe./molds on their side and cure the briquets for 24 hours at

- 140°F + prior to extrusion. ’ :

5) Extrude the briquets using a compression testing machine.

6) Lay the briquets on their side to maximize surface exposure and cure
for 72 hours at room temperature prior to testing.

Test the specimens for mix properties as follows:

4.1

4.2

4.3

Test for Hveem stability. Plot stability versus emulsion content and draw a

'smooth curve through the data points.

Test for resilient modulus at 77°F. Plot modulus versus emulsion content and
draw a smooth curve throught the data points.

Check voids after second compaction.

Analyze mix properties:

51

Record the emulsion content corresponding to the peak of the Hveem stability
versus emulsion content curve. (This is ECy.)

(43
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5.2  Record the emulsion content corresponding to the peak of the modulus versus
emulsion content curve.

5.3  Check to ensure that EC,; is approximately equal to ECe,. Record EC, and

ECeqy.
6.0 Recommended emulsion and W/C:
6.1 Use EC.;.
6.2 Use WCc
Gradation Asphalt Penetraton  Viscosity
16" Mil 12 Mill Content @77F @140F
70 5 ' _ 0 05
05 100
405
03 03 70 << +03
49 10 80
S 01 01 03 5 +03 02
23 % << 4 § E +02 §55
= = 6. £ / K
° 00 00 & 65 52 01 « 401
H 0.2 2% 35
2% b 63 00 | 00 |¢¢
2 al -l 01 30 o
% 50 35 6.0 35 |~ ©r o
103 103 00 02 7 Yy
45 30
58% passing the 1/4" screen on the 16" mil, 7% resichual asphalt, a penetration
of 20 dmm, and a viscosity of 19,000 poises. _
Adstments (for borderfine cases, use adjustment producing lower emuision contert):
0.0% for gradation, -0.5% for asphatt content, and 0.0% for penetrationiviscosity
Estmated i:gmuso n Content:

1.2%+0.0%-05%+0.0%= 0.7%

Figure 1 - Emulsion Content Adjustments for Gradation, Asphalt Content, and Asphalt Softness.

% Passing the #10 Sieve

50
_ 40
s
£ 30 g
> /
22 5
a o
10 — ]
0 T . L] LJ Ll
0 10 20 16.inMin 30 40 50
% Passing the 1/4-in Sieve
100
90
80
=170 o
= 60 =
£ 50 L — o = =
S 40 —
i =
e
10 T—=—
o T L] L L) L) T L] T L
0 10 20 30 40 50 60 70 80 90 100
16-in Mill
% Passing the 1/2-in Sieve
%
* a
= 80 "//
2 u ﬂ/ﬂ/u
£ 70 o Ao
g —
-y
L a
SO ’ M T L] B
60 70 80 - 90 100
16-in Mill

Figure 2 - Determination of the Adjusted Gradation (for the 150-in Mill) from
the Gradation on the 16-in Mill.
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OSHD test Method 126-86
Modified for

FIELD ADJUSTMENT OF COLD RECYCLE MIX £111 the tin.. After compaction a. gap down from the top of the tin ranging
or
(Rapid Project Control Test) from 1/4 to 1/2 of an inch did not appear to affect the results. Do not over-

£fill the tin. After obtaining the sample, weigh and record its {nitial

1.0 Scope

The purpose of this method is to provide a field basis for adjustment of

weight.

At the beginning of a project it may be necessary to run a test mold

to verify the quantity of RAP required to fill the tin mold.

water and emulsion content to obtain satisfactory mixing, laydown and

Care should be taken to keep the sample at the representative moisture

compaction of cold mix recycle. With the variations found in gradationm,
content.

asphalt content and properties of millings, adjustments of the cold mix from

the design reconmmendations are necessary to obtain optimum pavement

The test should not take more than 15 minutes from the time the

sample is removed from the windrow to the time it is weighed for liquid loss.

durabilicy. 4.0 Procedure

1.
2.0 Apparatus

Balance with capacity of 3000 grams, accurate to Q.1 gram.
Metal scoop and mixing bowl or bucket.

Split compaction mold, 4 inch diameter x 11.5 inches as shown in Figure

G.

Compression machine consisting of a 20 - 25 ton capacity hydraulic jack 2.
fitted with a spherically seated head and mounted in a 30 inch frame.

(Figure G)

Bottom and upper plunger for compression jack.
Bullet nosed rod, 3/8 inch diameter and approx. 20 inches long.

Hand tamper, one inch diameter by approx. 20 inches long, weighing 6.00
0.05 pounds.

Tin or galvanized liner, four inches x four inches in diameter.

Four inch diameter filter paper (medium filtration speed).

3.0 Sample Preparation

The sample should be taken from within the windrow immediately behind the

recycle train. A sample size from 1600 to 1700 gramé is normally required to

Weigh a tin liner and 2 filter papers together. Record the weight
and the sample number on the liner. (It will save time during the
test to weigh and record several liners along with their filter

paper in advance.)

Assemble the 4" split mold with the tin liner in place and the
bottom plunger pinned 3 holes from the bottom. For some materials
it may be necessary to pin the bottom plunger further away or closer
to the b&ttom of the mold. The proper pin setting can be determined
during compaction of a trial specimen. (I have not experieﬁced a

project yet that required a pin adjustment.)

Set the mold upright on a solid block, such as concrete, at a
convenient height.  Put in one filter paper and put on the extension

sleeve.

L



Spoon approximately 1/2 the sample into the mold and rod 25 times
around the edge of the mold with a 3/8" bullet nosed rod to prevent ﬁ;gggn NOSEO lgq
rock pockets. Tamp with the 3/4" faced small end of the 6 pound

tamper for 50 blows. Physical exertion in tamping should be only

[IYXSTITTYY

sufficient to move the tamper up and down approximately &4 inches in

A

travel. Guide the tamper over the entire surface of the specimen.

The actual compaction should be provided only by the combined

weights of the tamper and the operator's hand

Place the remaining portion of the sample in the mold and rod the

sample 25 times around the edge of the mold. Tamp the second lift

using 100 blows with the small (3/4") end of the hand tamper. Level

off the top of the compacted specimen by tamping lightly with the © )
END VIEW COMPACTION MOLD

large (2") end of the tamper in order to provide a smooth surface

y £ th . 80TTOM PUNCER
and an even plane at right angles to the axis of the mold. After . o 3 - .
tamping is complete, remove the extension sleeve, brush down the m:l'l.‘lg SALK =11
PRESSURE GAUSE

sides of the mold and put on the filter paper. Care must be taken
to include the entire sample initially weighed as any material loss

will be erroneously shown as liquid loss later.

Place the top plunger in position, then place the entire assembly on

L ]

the hydraulic jack in the compression frame (see Figure G-1). 1If MEASURING GAUGE COMPRESSION MACHINE

necessary, place one or more of the spacing rings between the top

plunger and the top of the frame to prevent excessive travel of the

jack. Remove the pin that holds the bottom in place and gradually Fig. G.1. Hydraulic Compaction Apparatus (OSHD Test Method 126-86).

SL



apply a total load of 25,060 lbs. Use 1l minute to attain the first
20,000’1bs., and another 1/2 of a minute to attain the next 5,000
lbs. Hold this 25,000 lbs. for 1 minute, then release the load.
Remove the assembly from the jack being sure to hold the bottom
plunger so it doesn't fall ;ut.

7. Remove the liner from the split mold and wipe any free liquid off
from the tin mold and the filter papers. Weigh the specimen
(specimen, 2 filters and liner) and record this weight. Subtract
the weight of the liner and filter paper to get the net wefght of
the specimen.

8. The difference between the initial weight of the sample and the net

weight of the specimen is the liquid loss.

5.0 Results and Evaluation

Table G.1 and Figure G.2 summarize the results of trial batches of
recycle mixture in which the emulsion and the water contents were varied. The
emulsion was varied from the actual content used during construction to 0.97
above.and 0.5% below this content of 1.0%. The added water was varied from
0.0Z to a content in which 20 mlliillters, 20 grams, were lost during the
test. This 20 milliliter loss occurred at or above 4.5% total liquid
(emulsion and water).

These results are obtained using the RAP from the Warm Springs unit.
During the casting of the Harshgll Molds a water content that would result,
when added to the amount of emulsion, in 4.0% total liquid was found to be
optimum.

Of the 17 tests recorded, 3 were recast as they appeared to be outside

the curve. A standard deviation was not calculated due to the small number of

tests. All materials were heated to 140°F prior to mixing, this created some
water loss during mixing and usually 2 or more grams of water were added to
bring the mixture back up to the required water content prior to adding the
emulsion. It was observed at the higher emulsion content that the liquid lost
was primarily emulsion. At the lower emulsion content of 0.5% the lost liquid
was clear water. The majority of the liquid lost at the mix design emulsion
content .was water discolored slightly with a small amount of emulsion. The
variations in gradation that were visually discernible did not seem to effect
the test. All RAP was screened over a 3/4" sieve, the retained material was

broken with a hammer.

6.0 Conclusions

Mix that does not loose liquid during compaction requires an increase in
emulsion or water content. From our experience with the following data
obtained during the 1986 recycle ptojects.a liquid loss between 15 and 20
grams appears to be the optimum. )

The void content of the compacted mix specimen can be calculated after
measurement of the specimen volume, drying the mix, calculating the dry
density and determining the maximum dry specific gravity. The specimens
produced under this procedure have reproduced the d;natttes achieved in the
roadway. Currently the Marshall data i{s being used to calculate maximum

density and no data are available on the void content of the liquid loss

specimen.
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Table G.1 CTB Water Loss Test
Enulsion 2. Emulsion 2 Total Sample CTB
Content Dry Wt. R0 Wt. Weight X H°0 X Emulsfon Liquid Weight Weight
1.9% 1700.8 1700.8 1733.1 0.0 1.9 1.9 1704.9 1702.0
which 18 1654.8 1671.3 1702.7 1.0 1.9 2.9 1618.1° 1612.9
0.9% over 1701.2 1726.7 1759.0 1.5 1.9 3.4 1740.4 1730.4
design 1700.2 1734.2 1766.5 2.0 1.9 3.9 1743.7 17241
1702.3 1746.6 1778.9 2.6 1.8 4.5 1754.8 1733.1
1.0% 1705.2 1722.3 1739.4 1.0 1.0 2.0 1719.7 1715.7
this {s 1700.1 1725.6 1742.6 1.5 1.0 2.5 1741.3 1734.4
aix design 1699.0 1733.0 1750.0 2.0 1.0 3.0 1740.5 1731.0
content 1700.7 1743.2 1760.2 2.5 1.0 3.5 1756.1 1744.7
1702.8 1753.9 1770.9 3.0 1.0 4.0 1760.8  1744.5
1705.5 1765.2 1782.3 3.5 1.0 4.5 1763.2 1740.9
0.5 1702.5 1719.5 1728.0 1.0 0.5 1.5 1723.5 1720.5
This is 1704.6 1738.7 1747.2 2.0 0.5 2.5 1736.1 1732.1
0.5% below 1700.3 1742.8 1751.3 2.5 0.5 3.0 1742.6 1737.3
mix design 1699.0 1750.0 1758.5 3.0 0.5 3.5 1735.0 1726.6
1700.4 1760.0 1768.4 3.5 0.5 4.0 1755.9 1735.2
1701.1 1769.1 1777.7 4.0 0.5 4.5 1766.1 1740.9




APPENDIX D

PENNSYLVANIA MIX DESIGN METHOD

SAMPLES: 15 six-inch diameter cores (or 5 bags of RAP)
E-5 and E-8C Emulsified Asphalts STEP 6
STEP 1 (a)
Check if the necessary samples and paper work have been received. If
not , call the appropriate person.
STEP 2
(a) Document the thickness and types of layers (FJ, ID-2 wearing, ID-2
binder, BCBC, seal coat, FB, penetration macadam, etc.). Also (b)
identify the aggregate type in each layer (stone, gravel, slag).
(b) Saw off the top to the depth of recycling (Table 1).
(e)
(c) Crush the top layers in the laboratory jaw crusher and combine the
RAP into one sample (unless the layers are significantly different
requiring different designs). (d)
STEP 3 .
(a) Run at least three (3) gradation of the combined RAP (Record on STEP 7
Table 4A).
(a)
(b) Run Abson Recovery on at least three (3) samples. (Record data
on % AC, penetration, viscosity 140 F and gradation on Table 4B). (b)
(c) cCalculate the % New Bmulsion needed (Pc) from the formulas (Table 5).
(d) Review the information obtained above in (a), (b) and (c) to select
the emulsion type (E-5 or E-8C). Check if virgin aggregate is
needed for blendxpg. STEP 8
4
STEP (a)
(a) Use Table 6 to adjust gradation for 100% passing 1" or 3/4". Calculate
cumulative weights for 500 g batches for optimum moisture determinations (b)
and other batches for Marshall specimens.
(b) Prepare the batches based on calculations in.(a) above. (e)
STEP S
(4)
(a) Determine the optimum moisture content (Table 7) starting at 3%

in increments of l%. Keep the emulsion content constant at 2.5%
by weight of RAP. (Mixing time 2 minutes - 90%+ coating required
after surface drying).

Use RAP at ambient temperature and.emulsion at 140 = 10 F.

Keep the established optimum moisture content same in subsequent
design procedures. If both E-5 and E-8C are used, optimum moisture
content could be different and, therefore, should be established
for eac_lJl type. Record the observations and reccommendations on
Table 7.

Make three (3) mixtures each at four (4) emulsion contents using
the established optimum moisture content and RAP 100% pass. 1" or
3/4". Use RAP at ambient temperature and emulsicn at 140 + 10 F.
Normally, use 2.0, 2.5, 3.0 and 3.5% emulsion with 100% RAP (if

the RAP is too rich in asphalt, start out with 1.5%). If RAP/virgin
aggregate blend is used start out at higher asphalt content based
on Table 5 data.

Cure the mixtures in oven @ 105 F for 45 minutes. Remix for 30 .
seconds and allow to cool to room temperature. Weigh the mixtures
before and after curing and report % moisture lost in Table 8.

Compact the specimens with 75 blows on each side. Extrude the
specimens on the following day. Weigh each specimen after extrusion.

Cure the specimens in a forced-draft oven at 104 P (40 C) for 3
days. Weigh the specimens daily (unless it is a weekend) and record
% lost on Table 8.

Measure thickness (nearest 1/16") and weight of each specimen.

Determine the resilient modulus (77 F) of all specimens after 3

days' curing in oven at 104 F. If testing schedule does not permit

this testing right away, the specimens can be kept at ambient temperature.
However, record the number of days of this additional curing. Record

L™ data in Table 8 (nearest 1000 psi).

Determine the dry weight (A) of the specimens before vacuum saturation
with water.

Immerse the specimens under 1 inch of water. Apply a vacuum of
26" inch Hg for 30 minutes gently agitating the container.

Release the vacuum gradually and leave the specmens submerged in
vater for at least 30 minutes.

Remove the specimen from water, quickly surface dry the specimens
by towel blotting, and veigh immediately in air (B), and then weigh
submerged in water maintained at 77 F (C). Return the specimens
immediately to the water bath (77 F) and keep submerged until tested
for resilient modulus (Mg) during the same day.

8L



(£)

(g)
th)

STEP 9

(a)

(b)

STEP_10

(e) Calculate the bulk specific gravity and permeable voids of
each specimen as follows:

Bulk Sp. Gr. = s%c'
B-a
B-C

Permeable Voids, § = x 100

vhere: A = weight of dry specimen in air,

B = weight of vacuum saturated blotted
specimen in air,

C = weight of vacuum saturated specimens in water

Note: Use PTM 715 (Method A - Volumeter) as an alternate
to Steps (d) and (e) above.

Determine the resilient modulus (HR) of the vacuum saturated
specimens. Report on Table 8.

Calculate % retained Mo after vacuum saturation.

Keep the tested specimens @ 77 F in air.

Determine Marshall stability and flow at 77 F. Record the additional
curing which took place after Mp testing.

If some curves do not peak, report all stability values at 10 Flow.
If all curves peak, report the stability and flow at peak.

Summarize all test data-on Table 9.

A.

TABLE 1. COLD RECYCLING PROJECT DETAILS AND RAP GRADATION

PROJECT DETAILS:

Name of Contractor

Name of Repregentative & Phone No.
Location of RAP Stockpile
RAP Type: ID-2 Mix/PJ-1/Other
Project for Recycling: District LR TR
Stations - ADT

Use of Recycled Mix: Main line/Shoulders/Other

Intended Mathod of Recycling: Central Plant/ Motopaver/ In-place
Thickness of Recycled Layer inches. bbase Type

Type & Thickness of Surface Course to be used )

RAP GRADATION:

This need not filled when pavement cores are submitted.

SAMPLE NUMBER MEAN - STD. PA.
SIEVE 1 2 3 4 L} X DEV. #2a
N Pass.

2" ) 100
13- -
1 -

3/4" S$2-100
t -
3/8" 36-70
#4 24-50
#8 -

#l6 -
#200 g -

6L



TABLE 2. PROPOSED RAP/RAM/ViRGIN AGGREGATE (S) BLENDS FOR COLD RECYCLING

RAP NO. 1 NO. 2
—_— D ——— ——ee Total
SIEVE  in Pa. #2A
A Pass X A = 0 in S Pass X B = % in N Pagss X C = 8 in Blend
Blend Blend Blend en
2" loo
14" =
PR
1~ -
3/4" . 52-100
3 " .
3/8" ’ 36~70
' . . 24-50
i
18 -
416 -
200 ' -
A, B, C = Decimal Praction of each aggregate in blend.
TABLE 3. EMULSIPIED ASPHALTS -. TYPICAL TEST DATA - COLD RECYCLING
)
Medium Setting Slow Setting

E-5 (Cationic) E-8C (Cationic) Other

Supplier

Supplier
Terminal

. Viscosity, Saybolt
Furol (122 F for
BE-5, and 77 F for
E-8) sec.

Distillation:
Asphalt, § by Wt.
041 Distillate,

S\ by Vol.

Test on Residue:
Penetration @ 77 F
Ductility @ 60 F

Sample Provided
to the MID?




. . Lab No.
TABLE 4. ANALYSIS OF RAP (MTD DATA)

———

' TABLE 5. EMULSION CONTENT FOR MIX TRIALS

LAB. NO.
. Existing AC in RAP (+ Virgin reqate) weight of A ate (P
District County LR TR A BB { 28 2dd £ (Fa)
) Pm
A. RAP GRADATION AS RECEIVED: Pa = 10-pm * 100 =
O As received O Crushed in Lab. Particles are (hard) (medium) (soft) Odor s s . - .
— Where Pm = % Existing AC in RAP {+ virgin aggregate) by wt. of mix
SAMPLE NUMBER MEAN STD. PA
SIEVE 1 Z 3 3 5 X DEV. #2A =
% Pass. 2" . 100 B. Estimated total Residual Asphalt Content by weight of Aggregate (Pr)
14" - :
Use extracted gradation of RAP (combinded with the gradation of the virgin
17 _ aggregate, if necessary.
3/4" 52-100 A = % Ret. on #8 sieve =
3 | - B = & Pass. $8 & Ret. on #200 =
/8" . 36-70 C =% Pass. $200 =
#4 24-50 D = % Ret. on #4 sieve =
8 - E = % Pass. #4 & Ret. on #200 =
#16 - * K =  0.15 for 11-15% pass. #200
4200 - 0.18 for 6-10 - =
0.20 for 0-5
F = 1.0 (range 0.7 to 1.0 based on absorption)
B. RAP COMPOSITION AS EXTRACTED: Pr
1. Chevron Method:
0. . . .
SAMPLE NUMBER W_Q_N STD. 65 (0.05A + 0.18 + 0.5¢) =
SIEVE T H 3 [} 5 DEV. | REMARKS {0.035A + 0.0458 + KC + F )
% Pass. 2° Extracted 2. A. I. Method: TRF—=T5535n + 0.458 v k¢ + €] * 10 =
13" : Aggregate Type: .
. Stone 3. WITCO Method: (4A + 7B +12C)
n Gravel 100 1.1 =
38" Slag
4. Illinois Method: 0.00138 DE + 6.358 1ogmc - 4.655 =
t .
/8" ) C. 3% Emilsion Needed (Pc)
#4 . 1. Chevron MEthod: Pr - Pa =
8 . - . T0.65
416 2. A.I. Method: Pr - Pa =
#200 3. WITCO Method: Pc - Pa =
%.AC ' 0.65
P .
entration 4. Illinois Method: Pr - Pa =
0.65

18



Lab No.

—

TABLE 7. DETERMINING OF OPTIMUM MOISTURE CONTENT RANGE
FOR MIXING

Make at least 5 batches of 500 gm each of RAP (+ virgin aggregate, if necessary)
using the weights in Table 6. Add 3,4, 5, 6 and 7% water. Maintain the
selected emulsion at 140 + 10 F. After mixing the water, Kkeep the RAP covered
for at least 15 minutes before adding the emulsion. A 2-minute spoon bowl

mix is required. The mix should be cbserved carefully and observations
recorded. As close as 100% coating is preferred (examined after fan drying),
however, mixes will be considered suitable with a minimum coating of 90%.

Mixes will be unsatisfactory if (a) they strip or stiffen excessively on

mixing, (b) break prematurely, and (c) become excessively soupy and segregate
on standing. '
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Mix

TABLE 9. COLD RECYCLING DESIGN DATA SUMMARY

Optimum Moisture Content

% Emulsion TYpe

EMULSION OONTENT

Specimen Sp. Gr.
% Total Moisture Loss

Resilient Modulus (MR)
@ 77 F, PS1 '

% Permeable Voids
{vac. Ssat.)

Resilient Modulus (MR)
after Vac. Sat.

% Retained MR

Marshall Stability
@ 77F

Flow @ 77 F
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APPENDIX E
) (3) Percent Aspha{t Demand of the Combined Aggregates—Aspl.lalt
ASPHALT INSTITUTE MiIX DESIGN METHOD ‘f’::'r‘na:x‘l:-or the combined aggregates may be calculated by the empirical
P, = 0.035a_+ 0.045b + Kc + F
Chapter 111 R

MIX DESIGN

3.01 GENERAL —For cold-mix recycling, the primary objective of the AGGREGATE GRADATION AND ASPHALT CONTENT FROM

mix design is to produce a mixture comparable to one made from all new RECLAIMED ASPHALT PAVEMENT
materials. However, there are no universally accepted mix-design ’ ‘

methods for cold-mix recycling. In general, laboratory tests, empirical

formulas or past experience with identical projects are used to establish

GRADATION OF RECLAIMED AGGREGATE MATERIAL, AND

the initial asphalt content, with the intention of adjusting it, if necessary, AMOUNT OF NEW AGGREGATE. IF REQUIRED
after construction begins. ) !
3.02 PREPARATORY STEPS—This interim mix-design procedure . J
follows:
reclaimed aggregate materials and/or new aggregate that is required to '
obtain a combined aggregate gradation meeting the specification re-
quirements. Once the relative aggregate proportions are determined, a *

grade of new asphalt is selected. A total asphalt demand for the blend is

determined. Calculations then follow to estimate the required amount of (2) SELECT TYPE AND GRADE OF NEW ASPHALT
new asphalt for recycling. Following these determinations, asphalt con-
tent adjustments are made from field trials. ‘
3.0.’3 MIX DESIGN—With the information obtained from the
materials evaluation (Chapter II) the recycled cold-mix design may be (3) DETERMINE ASPHALT DEMAND OF COMBINED
formulated. N AGGREGATE
Figure III-1 is a flow chart setting forth the steps for this interim design '
procedure. The steps are:
_ (1) Combined Aggregates in the Recycled Mixture—Using the grada- (4) ESTIMATE PERCENT OF NEW ASPHALT REQUIRED IN
tion of the aggregate from the reclaimed asphalt pavement, the reclaimed ) MIX
aggregate material (if any) and new aggregate, a combined gradation
meeting the desired specification requirements is calculated. ‘
As a practical matter, most cold-mix recycling specifications allow a

reasonable variation in allowable gradations (See Table 1II-1), and cor-
rection by adding new aggregate is not commonly required. The grada-
tion of the sampled material must always be evaluated, however.

(2) Select Grade of New Asphalt—A grade of asphalt is selected using
the general guidelines given in paragraph 2.06, 2.07 and 2.09. Figure 111-1—Flow chart of cold-mix design procedure.

(5) ADJUST ASPHALT CONTENT BY FIELD MIX TRIALS

12



Where: Pe _ Percent* of asphalt material by weight of total mix

K = 0.15 for 11-15 percent passing 7Sum (No. 200) sieve
0.18 for 6-10 percent passing 75 um (No. 200) sieve

0.20 for 5 percent or less passing 75 um (No. 200) sieve -

a = Percent* of mineral aggregate retained on 2.36mm (No. 8)
sieve

= Percent* of mineral aggregate passing 2.36mm (No. 8)
sieve and retained on 75 um (No. 200) sieve

¢ = Percent* of mineral aggregate passing 7Sum (No. 200)
sieve

= 0 to 2.0 percent. Based on absorption of light or heavy ag-
gregate. The formula is based on an average specific gravity

" of 2.60 to 2.70. In the absence of other data a value of 0.7
to 1.0 should cover most conditions.

R = 1.0 for asphalt cement; 0.60 to 0.65 for asphalt emulsions
*Expressed as a whole number.

(4) Percent of New Asphalt In Mix—The quantity of new asphalt to
be added to the recycled mixtures equals the calculated asphalt demand
(Step 3) minus the percentage of asphalt in the reclaimed asphalt
pavement. .

The formula is:

P, =P, - (Pax Py
R
Where: P, = Percent® new asphalt in the recycled mix

P_ = Percent* of asphalt by weight of total mix (Step 3)

(-2

e |

P, = Percent* of asphalt in the reclaimed asphalt pavement

P, = Decimal percent reclaimed asphalt pavement in the recycled

mix

R = 1.0 for asphalt cement in reclaimed pavement; 0.60 to 0.65
for emulsified asphalt; 0.70 to 0.80 for cutback asphalt.
*Expressed as a whole number

(In in-place construction it is often desirable to proportion asphalt based
on the weight of aggregate P4. This conversion is as follows:

Py =100 P, = percent, expressed as a whole number,
100—-P, of new asphalt by weight of aggregate)

(5) Field Mix Trial—Final adjustment of asphalt content may be made
by the field engineer to obtain a durable roadway (based on the need to
minimize deformation and cracking).

TABLE lli-1 GRADATION GUIDELINES FOR
COLD-MIX RECYCLING

Percent Passing by Weight
Sieve Size Open-Graded Dense-Graded
A B (o] D E F G

38.1mm (1%2 in.) 100 100

25.0mm (1 In,) 95-100 | 100 80-100

19.0mm (% in.) 90-100

12.5mm (¥ in)) 25-60 100 100 100 100

9.5mm (3/8 in.) 20-55 | 85-100

4.75mm (No. 4) 0-10 0-10 2585 {75-100 | 75-100 | 75-100
2.36mm (No. 8) 0-5 0-5

1.18mm (No. 16) 0-5
300 um (No. 50) 15-30 -
150 um (No. 100) 15-65
75 um (No. 200) 0-2 0-2 0-2 3-15 0-12 5-12 (12-20

Design Example 1

A rural roadway is sampled and found to be 25mm (1 in.) asphalt sur-
face treatment over 175mm (7 in.) of untreated stone base. The pavement
is to be recycled to a 125mm (5 in.) depth. Asphalt extraction tests show
the asphalt content of the surface treatment to be 10 percent. The grada-

tion of the aggregates is as follows: Percent Passing

Surface Stone

Sieve Size Treatment Base
19.0 mm (3/4 in.) 100
12.5 mm (1/2 in.) 100 90
9.5 mm (3/8 in.) 60 : 70
4.75mm (No. 4) 10 45
2.36mm (No. 8) 2 25
300 um (No. 50) 9
75 um (No. 200) 6

For this example, the density of the asphalt surface layer is 2080 kg/m3
(130 1b/ft3)* and the density of the stone base layer is 1760 kg/m3 (110
1b/ft3)t.

*Normal range 2080-2480 kg/m? (130-155 1b/ft3). ASTM D 2726, Bulk Specific Gravity of
Compacted Bituminous Mixtures Using Saturated Surface Dry Specimens.

tNormal range 1600-1760 kg/m3 (100-110 1b/ft3). AASHTO T 191, Density of Soil In-
Place by Sand-Cone Method, AASHTO T 205, Density of Soil In-Place by the Rubber-
Balloon Method, or AASHTO T 238, Density of Soil and Soil-Aggregate In-Place by
Nuclear Methods.
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The ratio of material (by weight) to be utilized in a 125mm (5 in.)
recycled depth is calculated as follows:

(a) Determine the mass in kilograms per square metre (Ib/ft2) of the
asphalt layer corrected for asphalt on the basis of 25mm (1 in.) of depth.

2080 — (0.10 x 2080) = 1872/40* = 46.8 kg/m2/25mm
(130 — (0.10x 130) = 117/12f = 9.75 Ib/ft%/in.]

(b) Stone base layer per 25mm (1 in.) of depth.

1760740 = 44.0 kg/m2/25mm
[110/12 = 9.17 lb/ftz/in.]

(c) For depth of recycling—125mm (5 in.)

25mm asphalt surface layer = (25/25) (46.8) = 46.8 kg
100 mm stone base layer = (100/25) (44.0) = 176.0
222.8 kg
1-in. asphalt surface layer = 1 x9.75 = 9.75 lbs
4-in. stone base layer = 4x9.17 = 36.68
46.43 Ibs

(d) Ratio for blending of aggregates

Asphalt surface layer = 46.8/222.8 = 0.21
[9.75/46.43 = 0.21]

= 176.0/222.8 = 0.79
[36.68/46.43 = 0.79]

Stone base layer

Step 1: Combined Aggregates in the Recycled Mixture

Sieve Size Surface Treatment Stone Base Blend
19.0 mm (3/4in.) [100 x 0.21 = 21.0] + [100x0.79 = 79.0] = 100.0
12.5 mm (1/2in)) [100x0.21 = 21.0] + [ 90x0.79 = 71.1] = 92.1
9.5 mm (3/8in.) [ 60x0.21 = 12.6] + [ 70x0.79 = 55.3] = 679
4.75mm (No. 4) [10x0.21 = 2.1] + [45x0.79 = 35.6) = 377
2.36mm (No. 8) [ 2x0.21 = 0.4] + [25x0.79 = 19.8) = 20.2
300um (No. S0) [ 0x021 = 0.0] + [ 9x079= 7.1] = 1.1

75pum (No.200) [ 0x0.21 = 00] + [ 6x0.79 = 4.7 = 4.7

Step 2: Select Grade of New Asphalt

This blend (Step 1) meets the requirements of Gradation D, Table
I11-1.

*Im = 1,000mm t12in. = 1 ft.
1,000/25 = 40

In Chapter 11, using guidelines from paragraphs 2.06, 2.07 and 2.09,

and when in-place construction with a travel plant is to be used—an SS-1
grade of asphalt emulsion is selected for this design.

Step 3: Percent Asphalt Demand of Combined Aggregates
Estimate asphalt requirements of aggregate blend using the formula:
P. = 0.035a x 0.045b + 0.20c + F
R

= (0.035) (79.8) + (0.045) (15.5) + (0.20) 4.7) + 0.7
0.60
= 8.55 percent by weight of total mix

Step 4: Percent of New Asphalt in Mix

Pp = P — (P, x Pp)
R

= 8.55 — (10.0 x 0.21)
0.60

= 5,05 say 5.1 percent of new asphalt by weight of mix.

(or P4 = 100P, = (100) (5.1) = 5.4 percent of new asphalt by

r T
weight of aggregate, if needed, for windrow calculations)

Step 5. Field Mix Trial

Therefore, 5.1 percent (5.4 percent by weight of aggregate) of SS-1
emulsified asphalt is used for initial value for in-place cold-mix recycling
and is subject to adjustment as needed after construction begins (see
Chapter 1V for requirements of surface course or surface treatment).

Design Example 2

A rural roadway is sampled and found to consist of an 50mm (2 in.)
asphalt road mix surface course over 200mm (8 in.) of untreated gravel
base. The pavement is to be recycled to a 150mm (6 in.) depth. Extraction
tests indicate the asphalt content of the reclaimed asphalt pavement to be
7.0 percent. The gradation of the aggregate contained in the road-mix
and gravel base courses is as follows:

oo
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Percent Passing Step 1: Combined Aggregates in the Recycled Mixture

Sieve Size Road Mix Gravel Base Sieve Size Road-Mix Gravel Base Blend
19.0 mm (3/4in.) 100 100 19.0 mm (3/4in.) [100 x 0.40 = 40.0) + [100x 0.60 = 60.0] = 100.0
12.5 mm (1/2 in.) 95 90 12.5 mm (1/2in.) [95x0.40 = 38.0] + [ 90x0.60 = 54.0] = 92.0
9.5 mm (3/8 in.) 70 78 9.5 mm (3/8in.) [ 70x0.40 = 28.0] + [ 78 x0.60 = 46.8] = 74.8
4.75mm (No. 4) 50 65 4.75mm (No.4) [ 50x0.40 = 20.0] + [ 65x0.60 = 39.0] = 59.0
2.36mm (No. 8) 30 40 2.36mm (No. 8) [30x0.40 = 12.0] + [ 40x0.60 = 24.0] = 36.0
300 um (No. 50) 10 15 300 um (No. 50) [ 10x0.40 = 4.0] + [ 15x0.60 = 9.0] = 13.0
75 um (No. 200) 8 12 75pum (No.200) [ 8x0.40 = 3.2] + [12x0.60 = 7.2) = 104

For this example, the mass of the road-mix layer is 2320 kg/m3 (145
1b/ft3) and the mass of the gravel base layer is 1600 kg/m3 (100 1b/ft3)
(See References Example No. 1).

The ratio of material to be utilized in a 150mm (6 in.) recycled depth is
calculated as follows: o

(a) Determine the mass in kilograms per square metre (Ib/ft2) of the
road mix layer corrected for asphalt on the basis of 25mm (1 in.) of depth

2320 — (0.07 x 2320) = 2158/40* = 53.95 kg/m2/25mm
[145 — (0.07 x 145) = 135/12f = 11.25 1b/ft2/in.}

(b) Gravel base layer per 25mm (1 in.) of depth

1600/40 = 40.0 kg/m2/25mm
{100/12 = 8.33 Ib/ft2/in.]

(c) For depth of recycling—150mm (6-in.)

50mm road mix layer = (50/25) (53.95) = 107.9 kg
100mm gravel base layer = (100/25) (40) = 160.0
o 267.9 kg
2-in. road mix layer = 2x11.25 = 22,50 Ibs
4-in. gravel base layer = 4x 8.33 = 33.32
. 55.82 Ibs

(d) Ratio for blending of aggregates

Road-mix layer = 107.9/267.9 = 0.40
[22.50/55.82 = 0.40]

Gravel base layer = 160.0/267.9 = 0.60
[33.32/55.82 = 0.60)

*Im = 1,000mm t12in. = | ft.
1,000/25 = 40 -

Step 2: Select Grade of New Asphalt

This blend (Step 1) meets the requirements of Gradation D, Table
III-1.

In Chapter II, using guidelines from paragraph 2.06, 2.07 and 2.09,
and as mixed-in-place construction with a motor patrol is to be used—a
HFMS-2s asphalt emulsion is selected for this design.

Step 3: Percent Asphalt Demand of Combined Aggregate
Estimate asphalt requirement of combined aggregate using. the
formula:

P.=0.035a + 0.045b + 0.18c + F
R 4
= (0.035) (64.0) + (0.045) (25.6) + (0.18) (10.4) + 0.0
0.65
= 8.10 percent weight of total mix

(Aggregate is non-absorptive, no (F) correction needed).
Step 4: Percent of New Asphalt in Mix
P, =P, - (P, xPp)/R
= 8.10 — (7.0 x 0.40)/0.65
= 3.79 say 3.8 percent of new asphalt by weight of mix
orPy = 100 P, = (100) (3.8) = 4.0 percent of new asphalt, by
100-P, (100 — 3.8)
weight of aggregate, if needed, for windrow calculations.

Step 5: Field Mix Trial

Therefore, 3.8 percent of HFMS-2s (4.0 percent by weight of aggre-
gate) is used as initial value for in-place cold-mix recycling and is subject
to adjustment as needed after construction begins (see Chapter IV for re-
quirements of surface course or surface treatment).
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APPENDIX F

MICHIGAN DOT COLD IN-PLACE RECYCLING SPECIFICATION

RECOMMENDED SPECIFICATIONS FOR
BITUMINOUS AGGREGATE BASE COURSE
STABILIZED IN PLACE

Description

This work shall consist of scarifying, pulverizing, crushing, adding
new material as required, and shaping to the plan grade for stabilizing with
bituminous materia}, and shaping. rolling, and compacting the stabilizer
aggregate to the proper elevation and slope.

Materials

The bituminous materials shall meet the requirements specified in
MDSHT Standard Specifications (4) as follows:

Bituminous Materials
MC-800, Asphalt Cement Penetration Grade 120/150, 200/250 and
Emulsion MS-28

The bituminous. material shall be applied at the rate as determined by
the Engineer so that the residual bitumen added will be between 2 and 5
percent by weight of the bituminous mixture. Residual bitumen content
shall be computed based on the residue of the bituminous material being ap-

plied.
When additional aggregate is required, it shall be 20A or 22A aggre-
gate @).

When the bituminous material to be used is not specified on the plans
or in the proposal, the Contractor shall select one of the bituminous mate-

rials specified above.

EQUIPMENT REQUIREMENTS

Rollers

Rollers shall meet the requirements as specified under Rollers,
(4.12.03-f) Standard Specifications (4), except that combination pneuma-
tic-stec] wheel and vibratory rollers will be permitted.

Cryshing Equipment

When the use of crushing equipment is specified in the proposal. the
equipment shall he an approved rotary reduction machine having positive

depth control adjustments in increments of 1/2 in. and capable of reducing
material which is at least 6 in. in thickness. The machine shall be of a
type designed by the manufacturer specifically for reduction in size of pave-
ment material, in place, and be capable of reducing the pavement material
to the specified size. The cutting drums shall be enclosed and shall have a
sprinkling system around the reduction chamber for pollution control. The
rate of forward speed must be positively controlled in order to ensure con-
sistent size of reduced material. The machine must be equipped with an
accurate tachometer mounted in full view of the operator. The crushing
equipment shall meet the approval of the Engineer.

Mixers

Mixers shall be self-propelled and a combination scarifier, pulverizer,
mixer, and liquid distributor. Unless otherwise specified, a minimum of
two mixers will be required. The mixing rotor or rotors shall have a posi-
tive depth control to ensure a uniform depth of mixing. The spray bar for
distribution of the liquid shall operate in such a manner that all asphalt will
be uniformly applied through the mixer at the time of mhdng.' The equip-
ment for distributing the hituminous material shall be adjustable and shall
measure accurately thc amounts of bituminous material beingapplied. The
bitumen pump shall be a positive displacement type pump. I shall be equip-
ped insuch a manner as to make it poasible to check accurately the rate of
application of the bitumen at any time. The mixer shall meet the approval
of the Engineer. If asphalt cement is used, one mixer shall be a self-pro-
pelled single pass stabilizer, combining a cutting rotor, a blending rotor,
and at least one mixing rotor in the mixing chamber. ’

CONSTRUCTION METHODS

Scarifying and Pulverizing

The material shall be scarified and pulverized to a maximum size of
2 in. and to the depth specified on the plans or in the proposal, by one or
more passes. The maximum lengthor width of roadbed to be scarified and
pulverized at any one time shall be as directed by the Engineer.

Grading

Excess material not incorporated into the work will become the pro-
perty of the Contractor and shall be disposed of as specified under Dispos-
ing of Surplus and Unsuitable Material, (2.08.07) Standard Specifications

@).
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Additional aggregate shall be placed as necessary to attain the plan
cross section.

After the material has been balanced, it ghall be thoroughly mixed. In
guardrail areas, on ramps, and in bridge areas, the material to be mixed
may be bladed into a windrow to provide working room for the mixer.

The grade shall be shaped to a uniform crown and grade.

Mixing with Bituminous Material

The bituminous material shall be added only to that material which can
be completely mixed, aerated, dried, and compacted inone day. The bitu-
minous material shall be added through the mixer, at the rate and tempera-
ture directed by the Engineer. The aggregate-bituminous mixture shall
then be bladed into a windrow and mixed with the mixer, the operation pro-
ceeding from one side of the work area to the other (approximately four to
eight windrow-mix coverages) until the mixture presents a uniform com-
position, free from fat spots and excess moisture, except that windrowihg
will not be required where asphalt cement is used, or for shoulder stabili-
zation.

Aeration

Aeration of the mixture shall continue until the mixture is dried to the
moisture content approved by the Engineer, within the range of 2 to 5 per-
cent, based on dry weight.

Shaping, Rolling, and Compacting

Mixing, shaping, and compacting shall be done while the bituminous
material is in a workable state. The mixed material shall be so shaped
that, when compacted, it shall be in reasonably close conformity with the
lines, grades, and cross-sections shown on the plans or established by the
Engineer. Initial rolling may be done with a pneumatic-tired roller or rol-
lers. The aggregate-bituminous mixture shall be compacted to not less
than 98 percent of the unit weight obtained by the AASHTO T-180 test me-
thod. Such test shall be made on the aggregate-bituminous mixture at the
field moisture content existing during the compacting operation. Required
density shall be maintained until the material has been surfaced.

Curing

The base may be opened to traffic for a period of time as approved by
the Engineer prior to placing of the surface.

Stability

The stabilized base shall be firm and stable under traffic loadings.
The base shall be capable of carrying construction equipment during all
phases of construction and paving of the wearing surface without excessive
deformation or crackingof either thebase or the applied paving. The Engi-
neer may require test rolling prior to paving. Any imperfections shall be
repaired as directed by the Engineer at contract unit price for bagse course
stabilized in place.

Weather Limitations

Bituminous material shall not be applied to the grade or to the aggre-
gate when rain is threatening or when the air temperature is lower than

S5 F.

The stabilization work shall be performed in the Lower Peninsula dur-
ing the period June 1 to September 15, and in the Upper Penipsula during
the period June 15 to September 1, unless otherwise authorized by the En-

gineer.
MEASUREMENT AND PAYMENT

Method of Measurement

Bituminous Base Stabilization, tothe depth specified, will be measured
in square yards.

Bituminous base stabilizer required for stabilization will be measured
by volume in gallons of residual bitumen at a temperature of 60 F in accor-
dance with the methods specified under Measurement of Quantities, MDSHT
Standard Specifications (4).

When additional aggregate is required, the additional aggregate will
be measured by weight in tons or in cubic yards, loose measure, as Ag-
gregate - Base Stabilizing. The pay weight for aggregate used in road mix
will be based on the scale weight of the material, provided the moisture
content, determined at the time of weighing, does not exceed 6 percent. If
the material contains more than 6 percent moisture, the excess weight of
water over 6 percent will be deducted from the scale weight. No correc-
tion or additions will be made to the scale weight if the aggregate contains
less than 6 percent moisture. The determination of moisture content and
pay weights will be as specified under Measurement of Quantities, MDSHT
Standard Specifications (4). .
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Basis of Payment

The completed work as measured for BITUMINOUS AGGREGATE BASE
COURSE STABILIZED IN PLACE will be paid for at the contract unit prices

for the following contract items (pay items).

Pay Item

Bituminous Base Stabilization
Bituminous Material — Base Stabilizing
Aggregate -- Base Stabilizing
Aggregate -- Base Stabilizing (LM)

Pay Unit

Square Yard
Gallon

Ton

Cubic Yard



APPENDIX G
PENNSYLVANIA DOT COLD IN-PLACE RECYCLING SPECIFICATION

(d) Testing. Supply representative samples of the RAP material or
six-inch diameter pavement cores, bituminous materials and
virgin aggregate to the MIT: for preliminary testing to
determine the optimum moisture content, type of bituminous

COLD RECYCLED BITUMINQUS BASE COURSE | material and mix proportions. Obtain guidelines on sampling
Supplementing the Specifications procedures from the MTD.
Publication 408 dated 1983

(e) Mixture. Combine the reclaimed mateérial, aggregates and

y bitumen, 'meeting the requirements specified, in such
THIS IS A TOTALLY NEW SECTION proportions that the total mggregate and bitumen in the base
Y tion of a cold recycled course conforms to the composition accepted by the Engineer.
3h1.1 Efigﬁpzigxb;szhi.:u:::k -i:izeei:gztr‘:iclaimed asphalt pazement © Make field adjustments to the MTD recommended moisture content
n . } X
(RAP) material and/or ;eclaimed eagregate mterial (RAM), combined and mix proportions under tae guidance of the Engineer to
with 'virgin aggregates and/or bitumirl_ous'm.a‘terial. ) . obtain a satisfactory recycled mixture,
. " N f)  Stockpiling. 1In the event the reclaimed material ig
CLED BITUMINOUS BASE COURSE FROM SEPTEMBER 1 o ;
'?{o) ﬁgﬁ;ﬁgglgogs%érgl-o. 2-0, 3-0, L-0, 9-0, 10-0, 11-0, 12-0 stockpiled, store the material in an acceptable manner so as
and 5-0 (MONROE, CARBON AND SCHUYLKILL COUNTIES ONLY); AND FROM to preserve its quality and suitability.
SEPTEMBER 15 TO APRIL 15 IN DISTRICTS 6-0, 8-0 and 5-0 (BERKS, k1 CONSTRUCTION
LEHIGH AND NORTHAMPTON COUNTIES ONLY). 362.3 -
341.2 MATERTAL (a)  Equipment. Use any equipment which will produce the completed

base course and as followvs:
(a)  Reclaimed Material. 1. Use only mechanical mixers, travel mixers, or central
1. Reclaimed Aggx;egate Material. Aggregate material which mix plants for mixing the base course materials.
- alled (RAM).
bas been removed, hereinafter c ¢ ) 2. Use equipment capable of sutomatically metering liquids

2. Reclaimed Asphalt Pavement. Processed paving material with a variation of not more than plus or minus 0.5%
. containing bitumen and aggregates, hereinafter called from the specified percentage.
(RaP).

3. Maintain all equipment in a satisfactory operating
Ninety-five percent of the material is required to pass through a condition as specified in Section 108.05(c).
2-inch sieve. (b) Mixing. Maintain e proper moisture content to assure thorough

s . : § i . i i terial and aggregate with the
ial. Add to the mix the type and quantity or nixing of the reclaimed ma :
* :i«tﬁ:gzz ::::i&l as determined by the Elr:Zineer. Use emulsified asphalt and AC-2.5 asphalt cement. Determine the
bituninous material conforming to the applicable requirements total moisture content in the field using PTM No. 503.
of Bulletin 25 Use one of the following: . Perform at least 3 tests during each day's operation.
. Eoulsified Asphalt - E-k, E-5, E-6, B-8 1. Central Plant Mixing. For central plant mixing, mix the
. materials in an acceptable continuous flow or batch-type
. Asphalt Cement - AC-2.5 mixer equipped with batching or metering devices
. designed to measure the specified quantities of the
s espective materials. Continue mixing until a thorough
(c) regate. Section 703.2, No. 8, ST and 67 (Type A), No. 2A r i )
%Pfc or better). Add t'.he gradation and quantity to the mix and ur_:irom mixtt'u'e is obtained without stripping of the
as required and/or directed. bituminous material.

Transport the mixture from central mix plants in clean,
tight vehicles. Deposit the mix on the prepared area by
means of acceptable mechanical spreaders in a uniform
loose condition for the full depth of layer being
placed. Protective covers for the vehicles my be
required by the Engineer.
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(c)

2. In-Place Mixing. For in.place mixing, spread the
required quantity of reclaimed material and aggregate,
if required, on the prepared area in a uniform loose
layer to obtain the specified compacted depth. Adjust
the travel speed and/or the number of passes of the
mixer to obtain a thorough and uniform mixture.

If a continuous milling - mixing and placement operation
is used, insure that positive discharge pumps accurately
meter the bituminous material and the cutting drum of
the milling machine mixes it thoroughly with the RAP
materials.

3. Mobile Mixing Plant. Use a mobile plant equipped to
mix, spread, and strike-off the surface; baving the
capacity to assure a constant supply and proper
proportioning of materials; capable of mixing the
materials until a uniform cocating of the particles and a
thorough distribution of the bituminous material
throughout is secured; and having & positive-driven feed
to proportion the material from the bins and a positive
pump to proportion the bituminous material from the
tank. Synchronize the feeder and pump to discharge
materials in the desired proportions for mixing.
Calibrate the plant prior to actual use.

Compaction. Construct the base course in approximately equal
depth layers. Provide a compacted layer depth of not less
than 3 inches nor more than 5 inches. After each course has
been uniformly spread, allov that course to cure as necessary
prior to rolling. Roll with rollers meeting the requirements
of Section 108.05(c). .

Commence rolling at the low side of the course except leave 3
to 6 inches from any unsupported edge or edges unrolled
initially to prevent distortion. Determine in-place density
requirements for each course by the construction of at least
one control strip for each course under the guidance of a
nuclear gauge operator. After each pass of the compaction
equipment, take a puclear density reading following PTM No.
L02. Continue compaction with each piece of equipment until
no appreciable increase in density is obtained by additional
passes. Upon completion of compaction; a minimum of 10 tests
will be made at random locations to determine the average
in-place density of the control strip. Compact layer or
course of the recycled mixture to a target density of at least
96 percent of the average control strip density. The in-place
density of each compacted course will be determined in
accordance vith PDM No. L02. ’

341.4

(a)

(e)

()

(g)

(h)

(1)

Finishing. Complete the finishing operation during daylight
hours. .

Protection. Protect any finished portion of the base course
upon which construction equipment 1is required to travel to
prevent marring, distortion, or damage of any kind.
Immediately and satisfactorily correct any such damage.

Surface Tolerance. Check the surface smoothness transversely
with acceptable templates and longitudinally with
straightedges in accordance with the requirements of

Section 401.3(k). Satisfactorily correct any surface
irregularity that exceeds 1/2 inch under a template or
straightedge. .

Tests for Depth of Finished Base Course. Determine the depth
by cutting or drilling holes to the full depth of the
completed base course. Make one depth measurement for each
3,000 square yards or less, of completed base course. Remove
and satisfactorily replace any section deficient 1/2 inch or
more from the specified depth at no expense to the Department,.

Start the immediate correction of sections of base course
which are deficient in depth at the point of the determined -
deficiency and proceed longitudinally and transversely until
the base course is found to meet specifications.

Cut or drill all test holes, backfill with similar and/or
acceptable materisl, and satisfactorily compact at no expense
to the Department. This operation will be under the
supervision of the Engineer who will check the depth for
record purposes.

Maintenance and Traffic.: Maintain the completed base course
‘and control traffic as specified in Section 401.3(n). USE A
PILOT CAR FOR SPEED CONTROL IF DAMAGE TO THE COMPLETED BASE
COURSE, SUCH AS RAVELLING, IS LIKELY TO OCCUR.

CURING. ALLOW THE RECYCLED BASE COURSE TO CURE FOR AT LEAST
ONE WEEK BEFORE PLACING THE WEARING COURSE.

MEASUREMENT AND PAYMENT ~

(a)
(v)
(c)

Cold Recycled Bituminous Base Course. Square Yard.
Aggregate. Ton.

Bituminous Material. Gallon.
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APPENDIX H

ASPHALT RECYCLING AND RECLAIMING
ASSOCIATION COLD IN-PLACE RECYCLING SPECIFICATION

1.

2.

3.

Description

1.1 This work shall consist of pulverizing the existing bituminous surface
to the width and depth shown on the plans, mixing an additive with
the pulverized bituminous surfacing, then spreading and compacting
said mixture as shown on the plans and as provided herein.

Materials
2.1 The additive shall be the type called for on the plans or in the proposal.

2.2 The pulverized bituminous material shall meet the following gradation

requirements:
Sieve Size % Passing
1a" . 100
1" 90-100

Gradation may be changed. However the top size of the Rap shall not
exceed Y2 the depth of the recycled mat.

Construction Requirements

3.1 The existing bituminous surfacing shall be cold recycled in a manner
that does not disturb the underlying material in the existing roadway.
However, in some cnrcumstanoes an equal amount of the base may have
to be incorporated.

3.2 Recycling operations shall not be performed when the atmospheri
temperature is below 50 degrees Fahrenheit or when the weather is
foggy or rainy, or when weather conditions are such that proper mix-
ing, spreading, and compacting of the recycling material cannot be
accomplished in the judgement of the project engineer.

33 When commencing recycling operations, the additive shall be applied
to the puiverized bituminous material at the initial design rate deter-
mined by the material laboratory. The exact application rate of additive
will be determined and varied by the project engineer as required by
existing pavement conditions. An allowable tolerance of plus or minus
0.2 percent of the initial design rate or project engineer directed rate
of application shall be maintained at all times. The contractor may add
water to the pulverized material to facilitate unitorm mixing with the ad-
ditive. Water may be added prior to or concurrently with the additive.
Said water shall not cause any adverse effect on the additive or the
recycied material.

3.4 The contractor shall demonstrate his ability to obtain a minimum den-
sity of 96 percent of a laboratory specimen prepared in accordance
with AASHTO T-245 (50 blows). The project engineer may require a re-
demonstration of rolling capabilities when a change in the recycled
material is observed, whenever a change in the rolling equipment is
made or if densities are not being obtained with the rolling pattern being
used.

After the recycled material has been spread and compacted the area
may be opened to traffic. Before placing bituminous surfacing the re-
cycled material shail be ailowed to cure such that the free moisture con-
tent is reduced to 1% or less.
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4. Equipment
41 The contractor shall furnish a self-propelled machine capable of pulveriz-
ing the existing bituminous materials to the depth shown on the plans
in one pass. The machine shall be equipped with standard automatic
depth controls and must maintain a constant cutting depth and width.
Said machine shall be capable of producing the proper size Rap re-
quired or additional screening and crushing will be required.

The equipment shall be capable of capable of mixing the pulverized
bituminous material and additive to a homogeneous mixture, and plac-
ing the mixture in a windrow or directly into the hopper of a paver. The
method of depositing the mixed material shall be such that segrega-
tion does not occur.

A positive displacement pump, capable of accurately metering the re-
quired quantity of additive, down to a rate of 4 gal./min., into the pul-
verized bituminous material shall be used. Said pump shall be equipped
with positive interlock system which will permit addition of the additive
only when the pulverized bituminous material is present in the mixing
chamber and will automatically shut off when the material is not in the
mixing chamber. o

Each mixing machine shall be equipped with a meter capable of
registering the rate of flow and total delivery of the additive introduced
into the mixture.

4.2 Placing of the recycled bituminous base course shall be accomplished
with a self-propelled bituminous paver. The bituminous recycled matenial
shall be spread in one continous pass, without segregation, to the lines
and grades established by the project engineer. When a pick-up
machine is used to feed the windrow into the paver hopper, the pick-
up machine shall be capable of picking up the entire windrow to the
underlying materials.

4.3 The number, weight, and type of rollers shail be sufficient to obtain the
required compaction while the mixture is in a workable condition.

Rolling shall be performed until no displacement is discerned. Final
rolling to eliminate pneumatic tire marks and achieve density shall be
done by steel wheel roller(s), either in static or vibratory mode, as re-
quired to achieve required density.

Rollers shall not be started or stopped on uncompacted recycled
material. Rolling shall be established so that starting and stopping will
be on previously compacted recycled material or on the existing
bituminous roadway, if at all possible.

Any type of rolling that resuits in cracking, movement, or other types
of pavement distress shall be discontinued until such time as the pro-
blem can be resolved. Discontinuation and commencement of rolling
operations shall be at the sole discretion of the project engineer.

5. Method of Measurement.
Cold in-place recycling shail be measured by the square yard or by the station.

The additive of the type shown on the plans will be measured by the ton or
gallon.



APPENDIX |

OREGON DOT COLD IN-PLACE RECYCLING SPECIFICATION

u - j £
o ETE PAYEMEN
Rescriotion
s 4 S - This work shall consist of

constructing Cold Inplace Recycled (CIR) asphalt concrete
Favement using Class I and Class II recycling treatments in
accordance with these specificaticns, and in reasonatly close
conformity to the lines, grades, thicknesses and cross sections
shown on the plans or established by the Engineer,

Definiti

4 4 Co - CIR asphalt concrete
pavement is a mixture of pulverized existing asphalt pavement
(RAP), which has been removed and mixed with emulsified asphalt
cement and water, then relayed and compacted in a continuous
operation.

a a I a - Class I recycling
treatment is performed on a uniform pavement, designed and built
-to specifications. The CIR mixture produced under Class I is
based on 3 rational mix design method.

4 II a - Class II recycling
treatment is performed on either a pavement with significant
majintenance patches over a uniform pavement or a pavement with
minimal design used in the original construction. The CIR mix-

ture produced under Class II is less uniform than for Class I and.

i{s based on either a rational mix design method or mix design
guidelines. '

(Use following paragraph when single uait is allowed.)

'] i [e] - Uncer these specifications the Con-
tractor shall perform CIR work using either a recycling train
(Equipment Option A) or a single processing unit (Equipment
Option B) as hereinafter specified.

4 - The Contractor and the
Contractor's supervisory personnel plus any subcontractors and
their supervisory personnel who are to be involved in the recycle
and paving work shall meet with the Engineer's representatives
for a prepaving conference at a time mutually agreed upon. At
this conference, the Contractor shall present the methcds of
accomplishing all phases of the recycle and paving work. The
plan of the work, order of work and other details of performance
shall meet with the approval of the Engirneer.

New supervisory personnel replacing anyone engagec in the
recycle and paving work, after the first conference, snall be
required to attend a new prepaving conference prior to performing
their duties on this project.

Materials

4 - Emulsified asphalt shall be CMS-2S or
HFE-150 as directed by the Engineer and shall meet the applicable
requirements of Section 702.

4 - Water shall conform 'to the requirements of
subsection 233.11.

(Use bracketed item when single unit option is allowed.)

1 A - Recycled material
removed from the existing asphalt pavement (using Equipment
Option A) shall have a maximum size of 1-1/z-inch prior to enter-
ing the mixer unless otherwise directed by the Engineer. Any.
recycled material larger than 1-1/Z2-inch shall be separated by
screening or other means, broken down by mechanical means to pass
a 1-1/2-inch sieve and uniformly reincorporastec with the balance
of the recycled material.

(Use following paragraph when single unit option is allowed.)

Recycled material removed from the existing asphalt pavement
using Equipment Option B shall have 3 maximum size of two inches.
Incidental oversize may be allowed by the Engineer if it is not
detrimental to the mixture or wearing surface.” If the gracation
is determined to be detrimental, the Contractor shall take such
action necessary to correct the oversize problem. These actions
may include reducing the milling speed, crusher, changing screen

S6
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size (when screens are used) or other such measures as may be

necessary. Failure of the Contractor to be able to provice an
acceptable product will cause a rejection of the equirment or

processing equipment.

(Use the following paragraph when the Contractor will preduce
choke aggregate.)

4 u A - The material to be used as choke
aggregate shall be either clean sand, crushed gravel or quarry
rock free of clay, loam or other extraneous material and shall
conform to the following:

3/8n 100
1/4n 95-100
40 20-40

100 0-5

(Use the following paragraph with State-furnished material.)

420,14 Choke Aggregate - Choke aggregate will be furnished
by the State. Material to be used on this project is stockpiled
on State-controlled property located on Highway at Milepost

4 S £ - The CIR asphalt concrete mixture
shall consist of RAP from the existing pavement, emulsified
asphalt cement and water combined in the proportions designated
by the Engineer. Variability in the composition of the RAP
material may require changes in the proportions of the constit-
uents, as directed by the Project Manager. Normally, the
emulsified asphalt content will be between 0.3 and 2.5 percent,
by weight, and water between 1.5 and 4.0 percent by weight.

820,16 Process Coptrol Testing - Prccess control sampling
and testing will be performed by the Engineer.

ra - The CIR mixture will be

4 cecen T
Any

accepted visually on the grade following initial compaction.
mixture that ravels or does not provide any acceptable wearing
surface shall be corrected. Any area showing an excess or defi-
ciency of emulsified asphalt cement shall be reprccessed or

replaced. Replacement shall be by a method approved by the Engi-
neer. Removal and replacement under these provisions shall be at
the expense of the Contractor unless the Engineer determines that
the defects, excesses or deficiencies are not caused by or the
fault of the Contractor's operations.

Lonstructiop

4203 r Limi i - Inplace recycling
of existing asphalt concrete pavement shall not begin until the
pavement surface temperature is 70°F and rising. Pavement
damaged by rain after placement shall be reprocessed, or other
method approved by the Engineer, at the Contractor's expense.
The construction. of CIR asphalt concrete pavement will not be
allowed before May 15 or after August 1, except the Engineer may
apgrove-a start<up before the pavement surface temperature is
TO°F under the following conditions:

(1) The Contractor requests such an early start in writing;

(2) The Contractor assumes all financial responsibility for
correction of raveling problems with the CIP mixture
during the early start period. This includes, but is
not limited to, the cost of complete recycling, addi-
tional choke, rollers, pilot cars and flaggers, etc. as
determined by the Engineer.

If recycling and placement operations are not completed by
August 1, the Contractor will not be asllowed to resume operations
until May 15 of the following year.

The Contractor shall stop milling work at the end of each
day whenothe temperature of the mixture behind the paver drops
below 90°F or three hours before sunset, whichever occurs first.

4 2 ot s i - The Contractor
shall plan and schedule the recycle operation in such a manrer
that the materials are removed, mixed, replaced and the area cpen
to traffic immediately after initial compaction is completed.

All recycled areas shall be competely backfilled with repro=-
cessed and compacted asphalt concrete materials so the area is
open to two-way traffic during all hours of darkness.
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(Use Dracketed item when single unit option 13 allowed.)

(Eguipment Ootion A)

820,38 Recvgling Traipg - (Under this option the) existing
pavement shall be recycled using a recycling train consisting of
the following major components: (a) Planing machine or grinder,’
(b) erush-r and (c) pugmill mixer.

(a) Plapning machine or grinder - The existing pavement

shall be removed by a self-prcpelled planing machine having a
minimum t484-inch wide rotary cutter and be capable of removing
the existing pavement to a depth of four inches in 3 single pass.

The unit, also, shall be capable of accurately establishing
profile grades within a tolerance of 0.02-foot by reference from
either the existing pavement or from independent grade control
and shall have a positive means for controlling cross slope
elevations. The equipment shall incorporate a totally enclosed
cutting drum with replaceable cutting teeth and shall have an
effective means for removing excess material from the surface and
for preventing dust from escaping into the air. The use of a
heating device to soften the pavement will not be permitted.

The unit shall be equipped to discharge not less than 70
gallons of water per minute into the cutting chamber, with fully
variable control and meter capable of measuring the rate of feed
within five gallons per minute.

(v) GCrusher - The crusher shall be of the portatle type
capable of reducing the oversized RAP materials to the specified
size. :

(c) Pug mill mixer - The CIR asphalt concrete mixture shall
be mixed in a pug mill type plant capable of provicding a mix of
RAP, emulsified asphalt and water at a minimum rate of 700
tons/hour to uniform proportions as designated by the Engineer.

Mixing plants shall be equipped with a positive control
linking the RAP, emulsified asphalt and water feed in a manner
that will maintain a constant ratio of each constituent. The
plant shall be equipped with facilities so that the Contractor
can verify and calibrate the RAP, asphalt and water quantities by
a method acceptable to the Engineer.

The RAP shall be measured by weight and the emulsified
asphalt and water may be proportioned by either weight or volume.
The equipment shall be capable of feeding and maintaining a
constant rate of RAP feed within a tolerance of plus or minus 5%
(by weight) or the designated amount and a constant rate of
erulsified asphalt and water feeds within plus or ainus 0.2% (by
weight) of the designated amounts.

The mixing plant shall be equipped with positive displace-
ment pumps and a computerized metering sSystem wnich can accurate-
ly meter the amount of emulsifiec asphalt and water. The pumps
shall be interlocked belt weighing system that measures the
quantity of RAP material entering the mixing plant. The inter-
lock shall be designed so that emulsified asphalt and water
cannot be added until RAP material enters the mixer. Overrides
of the interlock system shall be equipped with short duration
timers to prevent their continuous use. Overrides shall be used
only during start-up periods.

The belt weighing device and computerized-metering system
shall have readouts that indicate the quantity in tons of RAF,
water and emulsified asphalt being fed into the mixer at any
given time. Totalizer readouts shall also be proviced to allow
determination of accumulative quantities of each constituent.

(Use following four paragraphs vhen.sinéle unit option is
allowed.)

Eguipment Option B = Single Processing Uniti

Under this option-the existing pavement shall be processed
using a planing machine meeting all of the requirements of a
planing machine under "Equipment Option A",

I 4
. In addition, the planing machkine shall be capable of adding
emulsified asphalt and water to the RAP in amounts directed by
the Engineer to produce a uniform mixture.

Positive displacement pumps which can accurately meter the
planned amount of emulsified asphalt and water into the pulver-
ized asphalt concrete shall be used. The pumps shall be inter-
locked to the movement of the machinery used to apply the emul-
sified asphalt and water to provide that no emulsified asphalt
or water can be added when the machinery is not moving.

The emulsified asphalt and water feeds shall have positive
readout capabilities so that the amount of emulsified asphalt and
water in tons incarporated into at any given time can be read
directly. Totalizer readouts shall also be provided to allow

. determination of accumulative quantities of water and emulsified

asphalt used in the mixture.

] (d) Asphalt storage and heating tanks - Storage tanks shall
be equipped with accurate volume measuring devices or manufac-
tures calibration charts for each storage tank and a thermometer
for measuring the temperature of tank's contents.
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Between the storage tanks and the liquid asphalt mixing
device or recycling equipment, a parallel piping filter system
with at least one filter per line shall be used. Filters shsll
be capable of eliminating solid or semisolid particles from the-
emulsified asphalt liquid.

Each filtering line shall be equipped with on-cff valves and
changeable filter elements.

The emulsified asghalt cement shall be routec alternately
through each filter lire for a period of two to four hours, snc
alternate filters changed on the same frequercy unless otherwise
directed by the Engineer.

Loads of emulsified asphalt which break prematurely in the
storage tanks or haul vehicles or which cause frequent plugging
of the filters as determined by the Engineer will be rejected for

use.

8 s - Pavers shall be self-
contained, power-propelled units, proviced with an activated
screed or strike-off assembly, heated if necessary, and capable
of spreading and finishing layers of recycled asphalt concrete
material in widths applicable to the specified typical sections,
and to required thicknesses, lines, grades and cross sections.

Extensioﬁs added to the paver when used on traffic lanes
shall have the same augering and screeding equipment as the rest
of the paver.

The paver shall be equipped with a receiving and distribu-
tion system of sufficient capacity for a uniform spreading
operation and capable of placing the mixture uniformly . in front
of the screed without segregation of materials.

The paver shall be designed to compensate for minor
irregularities of the base on which it is supported so that such
will not be reflected immediately in the surface of the layer
being placed. The weight of the paver shall be supported on
tracks or wheels, none of wrich shall contact the mixture bteing
laid. The contact area of the screed or strike-off assembly
shall be uniform over the entire width of the strip of mixture
being placed. .

Pavers shall be equipped with a paver control system which
shall automatically control the layer of the mixture to specified
cross slope and grade. The control system shall be automatically
actuated from independent line and grade control references
through a system of mechanical sensors and senscr-directed
devices which shall automatically maintain the paver screed in
proper position to provide specified results.

The screed of strike-off assembly shall produce a finished
surface of the required evenness and texture without tearing,

shoving or gouging the mixture.

to - Rollers shall be steel wheel, pneumatic
tire, vibratory or 3 combination of these tyges as specified.
They shall be in good condition and capable of reversing without
backlash. .

(a) Steel wheele¢ rollers ~ Steel wheeled rollers cshall

have a minimum gross static weight of 10 tons and a3 minimum
static weight on the drive wheel of 250 pounds per inch of width.

(b) Yibratorv rollers - Vibratory rollers shall be a tandem
steel wheeled type having a minimum gross static weight of 8 tons
and shall be equipped with amplitude and frequency controls and
shall be specifically designed for compaction of asphalt concrete
mixtures. The rollers shall be capable of frequencies of not
less than 2,000 vibrations per minute.

(c) Ppeumatic rollers - The pneumatic-tired rollers shall

have a minimum static weight of 20 tons and shall be self-
propelled, tandem or multiple axle, multiple wheel type with
smooth-tread pneumatic tires of equal size staggered on the axles
at such spacings and overlaps as will provide uniform capacting
pressure for thé full compacting width of the roller and shall be
capable of exerting ground pressures of at least 80 pounds per
square inch of tire contact area.

. b 3 - Just prior to windrowing
the recycled pavement mixture, a tack coat conforming to Section
407 of these special provisions shall be applied to the entire
profiled area including the vertical edges. Rates of application
shall be as directed by the Engineer. .

Care shall be taken to minimize the amount of fines on the
milled surface that can be detrimental to a proper bond of the
tack coat.

820,40 Heating Emulsified Asphalt Cement - The temperature

of the emulsified asphalt gement prior to entry into the mixture
shall be not less than 125 F nor more than 185 F.

420 .41 Mixing - All the various required components of the
asphalt concrete mixer shall be utilized and operated in a manner
to assure compliance with this section.
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The RAP, emulsified asphalt cement and water shall be
measured and introduced into the mixer in the amounts specitied
in the "job mix formula®” and as designated by the Engineer.

Mt xing shall continue until the emulsified aspghalt water
have been distributed through the RAP to form a uniformly coated
mixture.

a20,u3 oi of L1 3 - The line and grace
reference control snall be a floating beam device of acequate
length and sensitivity to provide adequate control on either or
both sides of the paver.

Manual control of line and grade for the paver will be
permitted when approved by the Engineer.

4 au i -~ Except for unavoidable delay or break-
down, recycling and placing recycled pavement by the paving
machine shall be at a rate sufficient to provide continuous
operation of the paving machine. If paving operations result
in excessive stopping of the paving machine, as determined by
the Engineer, recycling and paving operations shall be suspended
until the Contractor can synchronize the rate of recycle with the
capacity of the paving machines.

(a) General - The mixture shall be laid on an approved
surface, spread and struck off to established grade and eleva-
tion. Specified asphalt pavers shall -be used to distribute the
mixture.

The asphalt mixture shall be deposited in a windrow, then
picked up and placed in the asphalt paver.

The loading equipment shall be self-supporting and shall not
exert any vertical load on the paving machine nor cause vibra-
tions or other motions which could have a detrimental effect on
the riding quality of the completed pavement. The loading equip-
ment shall pick up substantially all of the material geposited on
the roadbed and place it directly into the receiving hopper of
the paving machine.

In areas where patching, irregularities or unavoidable
obstacles make the use of specified equipment impracticable, the
mixture may be spread with special.hopper equipment with
adjustable strike-off or by other equipment and means approved by
the Engineer, provided the surface finish is within a tolerance
of 0.01-foot of that hereinafter set forth.

(b) Drop-cffs - Prior to any suspension of operations at
the end of each shift, the full width of the area to be paved,
including outside shoulders, shall be completed to the same
elevation with no longitudinal drop-offs.

If unable to complete the pavement without longitudinal
drop-offs as specified above, the Contractor shall, within the
specified time constraints, construct and maintain a wedge of
asphalt concrete at a slope of 10:1 or flatter alcng the exgosec
longitudinal joint located within the area to be paved. Longitu-
dinal joints one inch or less will not require a wedge., The
wedge shall be removed and disposed of prior to continuing paving
operations. Construction, material, maintenance, removal and
disposal of the temporary wedge shall be at the Contractor's
expense.

Where allowable abrupt or sloped drop-offs occur within or
at the edge of the paved surfdce the Contractor shall provice, at
his expense, suitable warning signs as required under Section
1M1,

(c¢) Einishipg and detajils - Special care shall be taken at
longitudinal joints to provide positive bond and to provide
density and finish to new mixture equal in all respects to the
mixture against which it is placed.

4 - Immediately prior to the
last roller coverage during initial compaction as hereinafter
specified and before opening to traffic, the Contractor shall
place choke aggregate at a rate of approximately 0.001 to 0.003
cubic yard per’square yard. Choke aggregate shall be spread by
a method that provides uniform coverage across the CIR mat. Any
piles, ridges or uneven distribution of choke aggregate shall be

eliminated by spreading and/or removing with hand tools or mechan-

ical means as the Contractor elects prior to the final roll or
coverage.

If raveling of the CIR mixture occurs following placement,
the Contractor shall provide traffic control for these areas
immediately or as directed by the Engineer. When the Engineer
determines that additional rolling of the raveled areas is
required, the additional rolling will be paid as Extra Work.

4 4 i M

(a) Genera]l - Immediately after the CIR asphalt concrete
mixture has been spread, struck off and surface irregularities
and other defects remedied, it shall be thoroughly and uniformly
rolled until the mixture is compacted as hereinafter set forth.

(a=1) Surface repair - Any displacement of the mat
regardless of thickness occurring as-a result of the
reversing of the direction of a roller, or from other
causes, shall be corrected. Steel roller wheels shall be
moistened with water or other approved material to the least
extent necessary to prevent pickup of mixture.
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When the rolling causes undue tearing, displacement,
cracking or shoving the Contractor shall make changes in
compaction equipment and/or rolling procedures necessary
to alleviate the problem.

(a-2) Rolling - The CIR asphalt concrete mixture shall
be compacted with rollers conforming to the requirements
hereinbefore set forth. The type, number and weight of
rollers shall be sufficient to compact the mixture.

Rollers shall move at a slow but uniform sgeed reccm-
mended by the manufacturer with the drive rolis or wheels
nearest the paver. Vidbratory rocllers, wher used in the vi-
bratory mode, shall be operated at frequencies of at least
2,000 vibrations per minute. The maximum operating speed
of pneumatic rollers shall be 5 MPH.

Normal rolling shall begin at the sides and proceed
longitudinally parallel to the road centerline, each trip
overlapping one-half the roller width, gradually progressing
to the center. On superelevated curves the rolling shall
begin at the low side and progress to the high side, each
trip overlapping one-half the roller width, When paving is
in echelon or when abutting a previously placed lane, the
longitudinal joint shall be rolled first followed by the
regular rolling procedure. Rollers shall not make sharp
turns on the course being compacted and they shall not be
parked on the fresh CIR mixture. Alternate trips of a
roller shall terminate in stops at least five feet distant
longitudinally from adjacent preceding stops.

(b) - Compaction of the fresh CIR as-
phalt concrete mixture shall be performed with a minimum of two
vibratory rollers meeting the requirements hereinbefore set
forth. Rollers shall be operated in either vibratory or static

mode as directed by the Engineer., The mixture shall be.compacted

with at least one coverage by each roller and such additional
coverages as the Engineer may direct.

The overlapping of one-half of roller width on each trip by
the rollers as required does not constitute two coverages cn that

particular area rolled. :

(c) Recompactiop - After initial compaction and prior to
recompaction, the CIR asphalt concrete pavement shall be opened
to public traffic and allowed to cure. Recompaction shall be
performed between 3 and 15 days after laydown when directed by
the Engineer. Rolling shals not be performed when the surface

temperature is less than 90°F.

The entire recycled pavement area shall be recompacted with
at least one steel wheeled roller and one pneumatic roller. Each
roller shall make at least three coverages and such additional
coverages as the Engineer may direct.

4 12Q ve .

(a) Geperal - The top surface of CIk asphalt concrete pave~
ment shall be tested with a 12-foot straightedge furnished anc
operated by the Contractor parallel to or pergencicular to the
centerline, and shall not vary by more than 0.02-foot. The
Engineer will observe this testing and may require additional

testing.

When utility appurtenances such as manhole covers and valve
boxes are located in the traveled way and they are not reqguired
to be adjusted or are required to be adjusted before paving, this
tolerance will not apply.

(b) gCorrective action - When tests show the pavement is not
within the specified tolerance, the Contractor shall take immedi-
ate action to correct equipment or procedures in his paving oper-
ation to eliminate the unacceptable pavement roughness.

"Any surface irregularities exceeding the specified toler-
ances shall be corrected by the Contractor within the period of 2
to 5 days following initial compaction using one ¢f the following

methods:

(1) Remove, replace or reprocess the surface course.

(2) Grind the pavement surface utilizing the planing
machine or grinder as hereinbefore set forth to a
maximum depth of 0.3-inch.

The‘coyt of all corrective work, including traffic control
and furnishing of materials, shall be performed at the Contrac-
tor's expense and no adjustment in contract time will be made for
corrective work.

Measurement

a - The number of square yards of recycled
emulsified asphalt mixture shall be based on the paved widths and
milled depths shown on the plans and the horizontal measurement
ai:fgdthe centerline of the actural length of the pavement re-

c ed,
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No allewance will be made for pavemen£ recycled in excess
of the paved width and milled depth shown on the plans unless
directed by the Engineer. :

No change in unit price per square yard will be maage for
depths deviating from plan depths unless the milled depth is
deviated by more than plus or minus one-half inch from the
nominal thickness called for by the plans and directed by the
Engineer. Where the Engineer directs construction of recycled
emulsified asphalt concrete to a thickness other than plus or
minus of one-half inch from the nominal thickness specified,
these areas will be adjusted by converting in one-hal f-inch
increments to the equivalent number of square ysrds of ncminal
thickness on a proportionate volume basis above or below the
specified tolerance limits.

For example, if the plans require a nominal depth of
1-1/2-inch and the Engineer directs a milling depth of 2-1/2
inches, the adjustment will be based on an additional 1/2-inch
depth. (2-1/2"-1-1/2"-1/2" (tolerance) = 1/2" adjustment)

The quantity of emulsified asphalt in the recycled asphalt
concrete mixture to bé paid for will be the number of tons used
in the accepted mixture measured as set forth in subsection
109.01 of the Standard Specifications.

The quantity of water used in the mixture will be measured
as set forth in Section 233..

The quantity cf choke aggregate to be paid for will be the
number of cubic yards actually spread on the inplace recycled
emulsified asphalt mixture at the rate specified, measured as setl
forth in subsection 109.01 of the Standard Specifications.

Payment

2] vmert - Payment when made at the contract unit
price per square yard for the item "Recycled Emulsified Asghalt
Pavement Mixture" will be full compensation for all equipment,
labor and incidentals required to remove and pulverize the
existing surfacing, and to mix the materials, place, compact and
finish the work as specified. .

Payment, when made at the contract unit price per ton for
ngmulsified Asphalt in Recycled Mixture®, will be full compen=-
sation for all costs of material, labor, tools and equipment
necessary for the addition of the emulsion as specifed.

(Use word ®furnish® when Contractor i3 to supply choke
aggregate.)

payment, when made at the contract unit price per cubic-yard
for "choke aggregate®”, will be full compensation for all costs to
(furnish,) haul and place choke aggregate as specified.

payment for water used in the CIR asphalt concrete mixture
will be made as set forth in Section 233 and will comprise full
compensation for the water used in connection with the recycle
work.

SECTTON u07 - ASPHALT TACK CQAI‘

Delete Section 407 of the 1984 Standard Specifications and
insert the following:

D R

407,01 Scope - This work shall consist of the furnishing of
asphalt and the application thereof to a prepared asphalt con-
crete surface to ensure thorough bond between profiled asphalt
cement surface”and recycled emulsified asphalt mixture, The tack
coat shall be applied on the areas designated by the Engineer in
accordance with these specifications.

Materials

1t - The asphalt to be used in the tack coat
shall be CM5-2S and shall meet the applicable requirements of
Section 702. The material may be conditionally accepted at the
source or point of loading for transport to the project.

Emulsified asphalt in tack shall be ciluted prior to appli-
cation with 15-30 percent additional water conforming to the
requirements of subsection 233.11, as determined by the Engineer.

Construction

- The tack coat shall be applied to the
milled surface prior to placement of the recycled emulsified
asphalt mixture is placed in a berm into the profiled area.

The tack coat shall be applied to the entire milled surface
including the vertical edges.
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u - The asphalt shall be spread

by means of a pressure distribution system capable of applying
the tack coat uniformly on surfaces having widths of up to 13
feet at readily determined and controlled rates from 0.05 to 2.0
gallons per square yard with uniform pressure, and with an
allowable variation from any specified rate not to exceed 0.05

gallon per square yard.

Distribution system equipment shall include pressure gauges,
accurate volume measuring devices or a calibrated tank and a
thermometer for running temperature of tank contents. The dis-
tribution system shall have a power unit for the pump and a full
circulation system for the tank and spray bar.

The spray bar shall be capable of being easily adjustable
laterally.

407 .33  Application Rate - Normally, the diluted emulsified

asphalt shall be applied to the milled surface at a rate of
0.05-0.20 gallon/sq.yd. as directed by the Engineer.

‘ Measurement

- Asphalt used as directed in the asphalt
"tack coat will be measured by the ton as set forth in Section

109.

Pavment

407.91.  General - The accepted quantity will be paid for at
the contract price per ton for the item "Asphalt in Tack Coat".
The water in the tack coat will be measured and paid for in
accordance with subsections 233.81 and 233.91 of the Standard

Specifications.



APPENDIX J

NEW MEXICO STATE HIGHWAY AND TRANSPORTATION
DEPARTMENT COLD IN-PLACE RECYCLING SPECIFICATION

August 26, 1985

Revised September 26, 1985
Revised November 19, 1985
Revised July 25, 1986
Revised November 13, 1986

2.3 The Sealing Emulsion shall be High Float Emulsion (diluted)

NEW MEXICO STATE HIGHWAY AND TRANSPORTATION DEPARTMENT ¢sS-1 h or other approved equal.
SPECIAL PROVISIONS
FOR 3. CONSTRUCTION REQUIREMENTS.
IN-SITU COLD RECYCLING OF BITUMINOUS MATERIAL
SECTION 40S-A 3.1 The existing bituminous surfacing shall be cold recycled in a
manner that does not disturb the underlying material in the
All applicable provisions of the New Mexico State Highway and existing roadway.
Transportation Department’s Standard Specifications for Road and
Bridge Construction shall apply in addition to the following: 3.2 Prior to initiating any recycling operations or other
inherent work, the Contractor shall clear, grub and remove
1. DESCRIPTION. o all vegetation and debris within the width of pavement to be
’ recycled. Cisposal of said vegetation and debris shall be as
1.1 This work shall consist of pulverizing the existing bi- directed by the Project Manager.
tuminous surfacing, to the depth shown on the plang, to .
provide the nominal thickness 1lift shown on the plans, of 3.3 Recycled operations shall not be performed when the
recycled bituminous base course throughout the width shown on atmospheric temperature is below 50 degrees F. and/or when
the plans, mixing an emulsified binder agent and water (if the chill factor is below 35 degrees F., (chill factor shall
required) with the pulverized bituminous surfacing, then be determined as per Subsection 401.31 General., part (a)
spreading and compacting said mixture as shown on the plans Weather Limitations of the Standard Specifications, or when
and as provided herein unless otherwise directed by the the weather is foggy or rainy or when weather conditions are
Project Manager. such that in the judgment of the Project Manager, proper
mixing, spreading and compacting of the recycled material
The Contractor shall furnish all equipment, tools, labor, all cannot be accomplished.
materials (except the pulverized bituminous material), and
any other appurtenances necessary to complete the work. 3.4 when commencing recycling operations, the emulsified binder
agent shall be applied to the pulverized bituminous material
2. MATERIALS. at the initial design rate determined by the Materials
: Laboratory Bureau based on samples submitted at the time of
2.1 The emulsified binder agent shall be High Float Emulsion of construction. The exact application rate of the emulsified
the type shown on the plans with the option, by the binder agent will be determined and varied by the Project
Department, to change one grade, at no increase in price. Manager as required by existing pavement conditions. An
Any change in grade of binder agent shall be made only with allowable tolerance of plus or minus 0.2 percent of the
the concurrence of the Central Laboratory. The High Float initial design rate or Project Manager directed rate of
Emulsion shall meet the requirements of Section 402 - application shall be maintained at all times.

BITUMINOUS MATERIALS of the Standard Specifications.
The Contractor may add water to the pulverized material to

2.2 The Cold Recycled Material shall meet the following gradation facilitate uniform mixing with the emulsified binder agent.
requirements: Water may be added prior to or concurrently with the
emulsified binder agent. '
Sieve Size % Passing
In the event segregation occurs behind the paver, the Project
11/4" 100 Manager may require that the forward speed of the milling
1" 90-100 operation be reduced and/or that the amount of material going

through the crusher be increased and the crusher adjusted to
produce more fines. The Contractor may be required to make
other changes in his equipment and/or operations, as
necessary to obtain a satisfactory end-product.
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3.5 The Contractor shall demonstrate his ability to obtain a

minimum density of 96 percent of a laboratory specimen
prepared in accordance with AASHTO T-245 (50 blows). The
Project Manager may require a redemonstration of rolling
capabilities when a change 1in the recycled materials is
observed, whenever a change in rolling equipment is made or
if densities are not being obtained with the rolling pattern
being used.

After the recycled material has been spread and compacted, NO
TRAFFPIC (this includes Contractor’s equipment) shall be
permitted on the completed recycled bituminous base for at
least two hours. The area may then be opened to all traffic
and shall be allowed to cure such that the moisture content
is reduced to 1% or less, by total weight of mix, before
placing hot bituminous concrete surfacing.

After the moisture content of the recycled material is 1% or
less, the Contractor may, with the concurrence of the Project
Manager elect to seal the surface with emulsion at an
approximate rate of 0.05 to 0.10 gallon per square yard.
Said emulsion, if wused, will be paid for under the Item
Sealing Emulsion.

Any damage to the completed recycled bituminous base shall be
repaired by the Contractor, as directed by the Project
Manager prior to placing any hot bituminous surfacing. Said
repair(s) shall be made at no additional cost to the New
Mexico State Highway and Transportation Department.

Any fillet of fine, pulverized material which forms adjacent
to a vertical face shall be removed prior to spreading the
recycled mix, except that such fillet adjacent to existing
pavement which will be removed by overlapping during a
subsequent milling operation need not be removed.

EQUIPMENT.

The Contractor shall furnish a self-propelled machine capable
of pulverizing in-situ bituminous materials to the depth
shown on the plans, in one pass. Said machine shall have a
minimum rotor cutting width of twelve feet, standard
automatic depth controls and maintain a constant cutting
depth. Said machine shall also incorporate screening and
crushing capabilities to reduce or remove oversize particles
prior to mixing with emulsion. Oversize particles shall be
reduced to size by crushing, however, the Contractor may,
with concurrence of the Project Manager, waste oversize
particles prior to adding emulsion.

The emulsified agent shall be applied through a separate
mixing machine capable of mixing the pulverized bituminous
material and the emulsified binder agent to a homogeneous
mixture and placing the mixture in a windrow. The method of
depositing the mixed material in a windrow shall be such that
segregation does not occur.

A positive displacement pump, capable of accurately metering
the required quantity of emulsified binder agent, down to a
rate of 4 gal./min., into the pulverized bituminous material,
shall be used. Said pump shall be equipped with a positive
interlock system which will permit addition of the emulsified
binder agent only when the pulverized bituminous material is
present in the mixing chamber and will automatically shut off
when the material is not in the mixing chamber.

Each mixing machine shall be equipped with a meter capable of
registering the rate of flow and total delivery of the
emulsified binder agent introduced into the mixture.

Placing of the recycled bituminous base course shall be
accomplished with a self-propelled bituminous paver meeting
the requirements of Subsection 401.32 Equipment Part 3.
Bituminous Pavers., except that .heating of the screed will
not be permitted. The bituminous recycled material shall be
spread in one continuous pass, without segregation, to the
lines and grades established by the Project Manager.

When a pick-up machine is used to feed the windrow into the
paver hopper, the pick-up machine shall be capable of picking
up the entire windrow to the underlying materials.

Rollers shall meet the requirements of Subsection 401.32
EQUIPMENT., Part 4. Rollers. The number, weight, and type of
rollers shall be sufficient to obtain the required compaction
while the mixture is in a workable condition except that the
pneumatic roller(s) shall be 30 ton minimum weight.

Initial rolling shall be performed with the pneumatic
roller(s) and continued until no displacement is discerned or
until the pneumatic rollers have walked out. Final rolling
to eliminate pneumatic tire marks and achieve density shall
be done by steel wheel roller(s), either in static or
vibratory mode, as required, to achieve required density.

Rolling shall be performed in accordance with paragraph 3,
Section 401.35 Compaction, of the 1984 Standard Spec-
ifications.
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Rollers shall not be started or stopped on uncompacted
recycled materijal. Rolling shall be established so that
stacting and stopping will be on previously compacted
recycled material or on existing PMBP.

Any type of rolling that results in cracking, movement or
other types of pavement distress shall be discontinued until
such time as the problem can be resolved. Discontinuation and
commencement of rolling operations shall be at the sole
discretion of the Project Manager.

METHOD OF MEASUREMENT

In-Situ Cold Recycling of Bituminous Material shall be
measured by the Square Yard.

Water will not be measured and paid for separately but shall
be included in the In-Situ Cold Recycling of Bituminous
Material work.

The High Float Emulsion of the type shown on the plans will
be measured by the Ton.

The Sealing Emulsion will be measured by the Ton.

BASIS OF PAYMENT.

The accepted quantity of In-Situ Cold Recycling of Bituminous
Material will be paid for at the contract unit price per
Square Yard complete and in place.

The accepted quantity of High FPloat Emulsion of the type
shown on the plans will be paid for at the contract unit
price per Ton complete and in place.

The accepted quantity of Sealing Emulsion will be paid for at
the contract unit price per Ton complete and in place.

Payment will be made under:

PAY ITEM PAY UNIT
In-Situ Cold Recycling of Bituminous Material. . 8q. Yd.
High Float Emulsion . . . . . . + + « « « « o & Ton

Sealing Emulsion . . . . . . . .« o ¢ o o .. Ton
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THE TRANSPORTATION RESEARCH BOARD is 2 unit of the National Research

Council, which serves the National Academy of Sciences and the National Academy of Engi-
neering. It evolved in 1974 from the Highway Research Board, which was established in 1920.
The TRB incorporates all former HRB activities and also performs additional functions .under
a-broader scope involving all modes of transportation and the interactions of transportation with
society. The Board’s purpose is to stimulate research concerning the nature and performance of
transportation systems, to disseminate information that the research produces, and to encourage
the application of appropriate research findings. The Board’s program is carried out by more
than 270 committees, task forces, and panels composed of more than 3,300 -administrators,
engineers, social scientists, attorneys, educators, and others concerned with transportation; they
serve without compensation. The program is supported by state transportation and highway
departments, the modal administrations of the U.S. Department of Transportation, the Associa-
tion of American Railroads, the National Highway Traffic Safety Admlmstranon and other
organizations and individuals interested in the development of transportation.

The National Academy of Sciences is a private, nonprofit, self-perpetuating society of distin-

guished scholars engaged in scientific and engineering research, dedicated to the furtherance of
science and technology and to their use for the general welfare. Upon the authority of the charter

granted to it by the Congress in 1863, the Academy has a mandate that requires it to advise the - ~

federal government on scientific and technical matters. Dr. Frank Press is president of the
National Academy of Sciences.

The National Academy of Engineering was established in 1964, under the charter of the
National Academy of Sciences, as a parallel organization of ouistanding engineers. Is is autono-
mous in its administration and in the selection of its members, sharing with the National
Academy of Sciences the responsibility for advising the federal government. The National
Academy of Engineering also sponsors engineering programs aimed at meeting national needs,
encourages education and research, and recognizes the superior achievements of engineers. Dr.
Robert M. White is president of the National Academy of Engineering.

The Institute of Medicine was established in 1970 by the National Academy of Sciences to
secure the services of eminent members of appropriate professions in the examination of policy
matters pertaining to the health of the public. The Institute acts under the responsibility given
to the National Academy of Sciences by its congressional charter to be an adviser to the
federal government and, upon its own initiative, to identify issues of medical care, research, and
education. Dr. Samuel O. Thier is president of the Institute of Medicine.

The National Research Council was organized by the National Academy of Sciences in 1916
to associate the broad community of science and technology with the Academy’s purposes of
furthering knowledge and advising the federal government. Functioning in accordance with
general policies determined by the Academy, the Council has become the principal operating
agency of both the National Academy of Sciences and the National Academy of Engineering in
providing services to the government, the public, and the scientific and engineering communities.
The Council is administered jointly by both Academies and the Institute of Medicine. Dr. Frank
Press and Dr. Robert M. White are chairman and vice chairman, respectively, of the National
Research Council. '
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