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ABSTRACT

Recycling of dsphalt concrete pévements'is a‘developing
technology, resulting ip cost savings, energy savin. ', and
the conservation 5?-natural resources; The purpose of thfs
research is to investigate thezgpplication of this
technology and consequently to promote its usage b-
providing improved design and construction techniques a~d
recommendations. The research is mainly concerned with
centfal blanf hot mix recycling. |

This study firstly prese;ts a summary of various
recycling categories and techniques‘éna the factors to-be
considered in selection of recycl%ng projécts. This 1is
followed ny recommended prccedures for controlling the
~ux' .t of the recycled ésphalt concrete pavements. 2
sequence of steps leading to-a‘reCJéled mixture d;sign is
then presented. |

The two 1982 recycling projects in Alberta, which were
constructed during the coubée of this research, were\the
major confributo;s in improvement of design and construction
techniques develdped in this thesis.

To investigate the validity of recycling pertinent to
cost and energy saving, an economic‘analysis is developed
and a cost compafison between conventional and recycled
asphalt concrete for the two Alberta recycling projects is
carried out. It is proved that recycling will yield great

savings in cost and natural resources without sacrificing

the qualjty of the pavement.

iv



‘The findings of this research indicate that recycled
asphalt mixtures exhibit satisfactory engineering properties
and pavemént recycling can be the most desirable and cost

effective alternative for pavement rehabilitation.
\
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1. INTRODUCTION

1.1 General

Recycling is defined as the reuse, usually after ste
processing, of a material that has already served its first
intended purpose.

Recycling of pavements is not neb, but rising prices of
asphalt binders have been a major stimulus in the
development of new equipment and techniques, which has made
recycling an exciting development in the field of asphalt
’paviné. The recycling of asphalt pavements has increased
.dramatically'during recent years. This has been due
primarily to the favorable.economics in constructing
recycled pavements ;nd the favorable publicity that is
generéted when natural resources are conserved.

The savings obtained by Qsing this technology, in both
energy and natural resources, have given impetus to many
in—deptﬁ research projects. The ability to rejuvenate
distressed paveménts and reuse deteriorated pavement
materials and perhaps, most importantly, the poteﬁtial.
savings of petroléum binder cost are the most important
factors in develobﬁent of recycling t%chnology.

Cost savings, energy savings, énd the conservation of
 natural resources are not the only potential benefits from
recycling. Other benefits may include:

1. Increasing the structural capability of the pavement

without increasing\&ts,thickness,



2. Correcting existing mix deficiencies,
3. Correcting base problems,
4. Minimizing or eliminating reflective cracking problems,
5. Maintaining overhead structure clearances,
6. Correcting or eliminating surface deformation such as
rutting or shoving. |
Recycling of existing pavement can now be considéfed as
an altérnative to conventional rehabilition procedures for
most projects. |
As a technology, asphalt concrete pavement recycling

has come of age (1).

1.2 Objectives of the Thesis

| The primary objective of this research was to
investigate tpe technology of.asphalt concrete pavement
recycling and to propose improved design and construction
techniques.

The secondary objective was to assist in the
development and implementation of a program for asphalt
pavement recycling for Alberta Transportation. Tb meét this
two 1982 central plant hot mix recycling projects were
monitored and consequently design procedures and
recommendationé drawﬁ‘for future recycling projécts.

A further objective was to conside; the potential cost
savings and conservation of natural resources Qy the method

of recycling used in these projects.



1.3 Scope of the Thesis

The processes associgted with asphalt concrete
recycling were examined and An exteﬁsive literature survey
on past experience and current pracg@ce‘performed. Since
only two recycling projects’were congtructed during the
course of this research {pﬁglberta, the test results
utilized in 'this study argﬁlimiteq to ﬁhese two projects.

This research is;mainly cbﬁfined to central plant hot

]

mix recycling.

1.4 Organization of the Thesis // \ N\

The introduction along with the ob'ggg>vé, scope and
organiz~tion of the.thesis are given in Chapter 1.

In Chapter 2 various recycling categories utilizing
aifferent techniques and equipment are summarized.

Chapter 3 con;ains the factors that should be
conéidered in selection of recyéling projects.

Quality control procedures for recycled aéphalt
concrete are discussgd ig Chapter 4. \

Chapter 5 presents a sequence of events necessary for
the development of a mixture design for recycled asphalt
concrete projects. |

In Chapters 6 and 7 case studies which contain the
aesign,‘construction and testing program of the two 1982
récycling projects in Alberta are discﬁssed.'The results of

the tests performed and the observations obtained during the

course of these two projects are analysed in these chapters.

[



A discussion on economic aﬁalysjs of asphalt concrete
recycling along with a calculation of the savings for the
two Alberta recycling pfojectévare gi?en in Chapter 8.

Chapter 9 gives a summafy of conclﬁsions-drawn from the
literature review,-case‘stﬂaieg, and the results of tests

and analyses. Recommendations fo: future recycling projects

are contained in this Chapter. . -

——.



2. RECYCLING CATEGORIES AND TECHNIQUES

2.1 General

The technology of pavement recycling has undergone
significant advances, employing various methodoiogies-
depending on variatiogs in pavement conditions and stages of
pavement distress.

Recycling categories have evolved into the following
schedule (2):
1. Surface recycling,
2. In plage surface and base recycling,
3. lCentraﬁ plant recycling.

A brief description for each category is given below
with more emphasig on central plant recycling.

Y

2.2 Surface Recycling

Surface recycling is defihed as reworkingAand/or
removal of the surface of a paVement to a depth of
approximately 25 mm by heater planer, heater scarifier, hét
miiling, cold milling or cold planing devices. The opefation
méy iﬁ;olve the use Bf new materials including aggregates,
modifiers and/dr asphalt cement (3-8). ,

In the process of surface recycling heat may or may not
Jbe used for breaking up the surface, and the construction
may be either continuous or mult&—phased.

Surface recycling is only approériate when the

condition to be corrected is near the surface of the



exisfing pavement and there are not structural deficiencies.

Some of the reasons for surface recycling are as follows:

1. To correct or eliminate surf;ce deformation such as
rutting or shoving,

2. To correct or eli%inate a slippéry surféce,

3.. In correcting fhe above, to maintain the original
elevation of the surface, and

4. To minimize refleé?ion cracking through an ovérlay.

A wide variety of recycling equipment has been
developed and a number of innoyative techniques.for surface
recycling are available. The equipment and the associated
techniques have been categorized into:heater planers, heater
scarifiers, hot millers, cold planers, and cold millers.
2.2.1'Heater Plener -

The heater planer is a device that heats the pavement
surface and then.shears up to 25 mm of the hot material.with
a steel blade or plate.

Heater planing has been used primarily for maintaining
pavement longitudinal and transverse cross slope. Other uses
include removing pavement from bridges to reduce the dead
weight; maintaining proper clearances in tunnels, at

i . . s
underpasses; and removing surface irregularities from rough

pavements(2).



2.2.2 Heater Scarifiers

The heater scarifier is a device that heats the
~pavement surface and rips the surface up to a depth of 25 mm
by’ raking spring loaded steel points over the hot materials.

The basic recycling operapions using heater scarifiers
can be summarized as: preparing, heating, and scarifying the
surface; adding additional material if required; cohpacting;
making final adjustment to manholes and drainage structures;
and opening the facility to traffic.

Heater scarifying can be used to remove pavéﬁént
surface irregularities and roughness, to reduce reflection
cracking, and to improve the bond between the o}d‘pavement

and a new asphaltic concrete overlay.

2.2.3 Hot Miller

The hot miller is a device‘by which the pavement
surface is heated and then milled with a rotating drum that
has cutting tips mouﬁted over the cylindrical surface. Hot

milling has not been extensively used.

2.2.4 Cold Planer

The cold pléner is a motor grader with hardened steel
blades. The cold plahing process is used to'remqve surface
material that is deteriorated or causes surface roughness or
slipperiness; The operation is normally considered to be

maintenance, and the removed material is often reused.



2.2.5 Cold Miller

‘The cold miller is a device which uses a rotating drum
with sbecial teeth to cut a pavement to a predetermined
depth; Its major application is the removal of surface.
detefioration. It is capable of removing pavement to a depth
greater than 25 mm. Thus, this type of equipment ean be used

to provide pulverized material for in-place and central

plant recycling operations as well as for surfece recycling.’

The types of pavement distress that can be treated by
cold milling include rutting, ravelling, flushing, and "
 corrugations of asphalt surface pavements (2).

Some uses of cold milling operations include:

1. Texturize the pavement surface to improve the skid
resistance and provid a‘shoother riding surface,

2. Restore pavement geometry,

3. Repair localized failure areas,

4, Ihcrease'overhead.clearance,

5. Extend life of.tﬁe overlay because of providing a
constant resurfacing thickneséh hence’uniform density:

2.3 In-Place Surface and Base Recycling

| In-place surface and base recycling involveg the reuse

of existing surface, base, subbase and/or subgrade

~materials. In-place recycling techniques are different from

the other broad categories of recycling in that all
construction operationé are performed‘in-place. New binders

such as lime, portland cement and bituminous materials can

&
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be used in the recycling process. After the. roadway has been
pulverized, mixed and placed, it will normally’require a new
wearing sufface such as a surface treatment 6r asphalt
concrete.

The types of equipment.uséd for'in-piace rec?cling are
very similar to that used for oﬁ-grade stabilization wiﬁh_
lime, cement or asphalt. In genéral, the only specialized
eguipment is that Qsed ta‘properly size bouﬁd materials
prior to restabilization. Speciallxedesigned pulverizers,
hammer mills,hor cold milling macpinps have beeﬁ developed
for this purpose (2). .

Some of the advantages'of in;piace surface neCYClingf
operations include:

1. Ability to achieve éignificant pavement structural
imprévéméhts, |

2. All types and degrees of pavement distress can be
treated, | |

3. Reflecéion4cfacking c&n be eliminated if thé depth of
pulverizaéion and reprocessing'ié adequate; | |

4. FrbSt'suscéptibility of subgrade ana subbase soils can
be imbﬁoved by use of the process,

5. The pavement ride quality can be imp;oved,

GJ: Skid resistance can be improved, depending upon the type
of surface placed on the cold recycled section, |

| ‘ :
7. Hauling costs are minimized.



10

2.4VCentra1 Plant Recycling

Central plant recycling involves removal of the
paVement from the roadway after or prior to pulverization}
processing of material, either cold or hot at a central
loéatien, with or without the eddition.of a modifier;
followed by laydown and compaction‘to the desired grade and
depth. J
_ vCentraI‘plant hot mix recycling is emerging as the
method with the great potential ?hd the growth in its use is
drematic. Extensive research has been conducfed in this
field (9-13).

Equipment for hot recycling can be divided into three

categories: 1) pavement removal “and sizing, 2) reprocessing,

and 3) layaown and compaction.

2.4.1 Pavement Removal and Sizing

Two .approaches have been used to size the material
" prior to feeyciing in a eentrei plant. The,pavement ca; be
reduced in size in-place and then .hauled to the central
plant, or the pavement can be removed from the site and
crushed at the central plant.

In-place removal a;j sizing can be performed wi n
eqeipment normally assoeiated with surface and in-place
recycling'sueh as hot mfllzng, cold milling and heater
planiﬁg machines.\The use of cold miliing machines has been

more widespread. This type of equipment is primarily used on

projects which require only partial depth removal of an
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existing pavement. The size of the milled préduct will vary
depending on se?eral factors: the cutting teeth, forward )
speed of the machine, depth of the cﬁt, and properties of
the reclaimed material. The milled material will usually be
suitable for hothrécycling without further size reduction,
although there may be a small percentage of oversiée that
Qill need to be either érushed or screened off. Theré will
usuélly be a slight increage‘in the aggregate fines as a
result of milling.

Central plant sizing can be performed with co%ventional
fixed and portable crushing and screening equipment. The
pavement is normally ripped and broken up prior to loading
in a size suitable to be received by -he primary crusher.
The asphalt concrete pavement may{be removed-full—depfh by
froqt—end lbaders, bulldozers, or motorgraders. This type of
removal technique is primarily used when an existing
pavement exhibits distress which.can only be corrected by
complete reconstruction.

The reclaimed asphalt.concrete pavement should be
reduced to an appropriate maximum size-through the crushing
or milling processor. Based on past experience, this i
abpropriate maximum size appears to be in the 35 to 50 mm
range. Particleé‘of this size seem to be able to break down
into their original asphalt and aggregate components when

put back through a batch or dryer-drum plant modified for

recycling (12).
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2.4.2 Reprocessing
The reclaimed mate:rial can be reprocessed along with
additional new materials through a modified batch or drum

mix plant to produce paving mixtures.

2.4.2.1 Batch Plants

In a conventional batch plant operation, virgin
aggregate is dried and heated in a counterflow dryer,
screened into various size fraétions; proportioned with
hot asphalt cement and thoroughly mixed. However, the
only technigue that has proven successful in recycling
through a batch plant is the mixer heat-transfer method.
In this meéﬁbd, virgin aggregate is‘superheated in the
dryer and.transferred to the tower by the hot elevator.
The reclaimed asphaltic material, whiéﬂ‘has been
préviQusly reduced to an appropiate size and stockpiled
at ambient temperature, is transferred.to the weight
hopper in the mixing tower by an auxiliary conveyor
system. There it is proportioned with the superheated
virgip aggregate. Heat transfer occurs ac the tﬁo
materials are mixed in the pug'ﬁill with additional
asphalt cement and/or an asphalt softening agent (12).

The recycling of asphélt"concrete through a batch
plant by the heat-transfer method, is genérally 1imi§ed 
to veiy_near 50 percent reclaimed material. Figure 2.1

shows a batdh-plant,with reclaimed mix added to

superheated aggregate at the -pug mill,



i3

REMOVED
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NEW AGGREGATE

Figure 2.1 Standard Batch Plant with Reclaimed Mix Added to

Superheated Aggregate at the Pug Mill
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2.4.2.2 Drum Mix Plants

Drum Mix Plants differ from batch plants because
the heating and drying of the aggregate, the asphalt
addition and the mixing operation arevéll done inside
the drum.

In a conventional drum mix operation, virgin
aggregate is proportioned at the cold feed; then it is
dried, heated, and mixed with hot asphalt cement in a
parallel-flow dryer. Since the aggregate enters at the
burner end of the drum, it is immediately expoged to
very high temperatures from the flame and hot gases
(12). However, in the case of recycling, exposing the
reclaimed asphaltic material to high temperatures at the
burner end of the drum may cause oxidation, vaporizatiqn
and partial combustion of the exiéting asphalt together
with production of very heavy smoke emissions. A |
considerable amount of effort has been made to develop
modifications for drum mixers which would produce
satisfactory mixes, maintain high~proéuction rates, and
minimize air quality problems. The following sections
briefly describe the plant modifications that have

proven to be successful:

Drum-Within-a-Drum-System., With thi. system a
‘conventional drﬁm mix is modified by moving the burner
back from the end of the main drum and inserting a
smaller drum. The burner diﬁcharges into the upstfeam

end of the smaller drum.which extends coaxiaily into the
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main drum (12). The virgin aggregate enters the inner
drum within the main drum and is heated directly by the
“burner flame. Reclaimed material-is introduced into the
outer drum; it is heated both by the transmission of
heat from the hot walls of the inside drum and, more
particularly, by close contact with the'beated virgin
aggregates in blending together downstream. The two
materials are then combined with additional new asphalt
cement and/or softeniné agent and the mixing continues
.throughout the ‘remainder of the main drqﬁ. This system
can use a maximum of 50 to 70 percent reclaimed
material. Figﬁre 2.2 shows a Drum-Within-a-Drum System.

Split Feed System. In this system, the new

aggregate is handled and processed in a normal
manner,throhgh the burner end of the drum mix plant. The
reclaimed materiél, however, is fed into the plant
through a sepafate cold feed system, with the point of
entry of the material just beyénd the mid-point of the
length of the drum. The new aggregate, introduced into
the radiation zone of the drum mix plant, is heated and
dried. Figure 2.3 shows a Split Feed System. Depending
on the relative proportions of new ana.reclaimed
aggregate used in the recyclgd mixture, the new
aggregate 1s superheated to a temperature between 150°C
and 315°C by the time it reaches the mid;point of the
drum. The combustion gases from the burner are cooled by

the new aggregate to a 450°-530°C range by the time the
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gases reach,phe drum mid-point. A charging conveyor,
completed with a weigh bridge system, feeds the
reciéimed material into a'rotary inlet and deposits it
in.the bottom of the drum, in a short area where no |
flights are located. Heat trénsfer begins to take place
between the new aggregate and the reclaimed material.
The newﬂasphalt cement and/or softening agent is pumped
into the drum and mixed with the combined aggregate at
this point in the process. Heat transfer between the new
and reclaimed aggregate continues by convection and
conduction, as the blended‘material moves down the arum
to the disEharge end (14). This type of system can use a
maximum of approximately 60 to 70 percent reclaimed
asphaltic material.

Pyrocone System. This system controls the heat

transfer'rate at the burner end of the drum to prevent
overheating the reclaimed asphalfic matefial. Heat rates
are controlled by containing the complete goﬁbustion
process and flame volume within the Pyrocone's
cylindrical chamber where secondary air enters through
slots in thenchambér wall and mixes with combustion
gases to produce a lower témperatufe air-rich mixture.
Figures 2.4 and 2.5 show the Pyrocone and the Pyrocone
~System. The reclaimed asphaltic material and the vifgih‘
.aggfegate enter the drum by a single conveyor at the
burner end. The material is gradually heated and

blended, additional asphalt cement and/or softeninb
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agents are added, and mixing is completed in the

remainder of the drum. \

: \
The reduced heating rates produced by this system

are the result of the following interrelated factors

(12):

1.

The heat shield ("pyrocone") reduces direct heat
radiation by blocking a major portion of the
line-of-sight path between the burnef flame aﬁd the
material to be heated. |

The turbulent air mixing action in the pyrocone
develops a uniform gas femperature distfibution over
the drum cross section. The uniform gas temperature
will transfer ﬁeat to the cold material slower and
more evenly than an intense narfow-band temperature
distribution.

By mixing cool outside air with the hot combustion
gases, the pyrocone lowers the temperéture of gases
in the front end of the drum from 1650°C to a range
of 425° to 81:°C. This alsé substantially lowers the
heat transfer rate between the inéominé gases and
the cold, asphal:-coated aggregate; Figure 2.6 shows
the temperatﬁre profile. This system does have the
capability of usihg’100 percent reclaimed asphaltic
material; but a more reasonable maximum to expect in
order to control smoke emissions is approximately 60
to 70 percent. The pyrocone can be readily femoved,

if conventional mix is to be produced (12).
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2.4.3 Laydéwn and Compaction

Laydown and compaction of recycled mix can be
accomplisped.using the same equipment and procedures used
for conventional mix. Normally the mixes containing the
reclaimed materials are handled in the same manner as
conyeﬁtional'mixes, provided the laydqwn temperatiures and

viscosities have been comparable.



3. PROJECT SELECTION FOR.RECYCLING

3.1 Ceneral

The success of any paQément design and construction
process 'is first one of SeleCtion.‘The key -factors that
influence the decision in projéct selection forirecycling
“include: .
1. ‘Exisﬁing Facility,
2. Pavement Condition,
3. Cost and Energy Comparison,
4. Environmental Consideration.

These factors are disédssed in the following sections.

: ~

3.2 Existing Facility _ .7

The. existing facility can be -described by.a set of
particular data for the purpose.Bf ;ehabilitation decision
making (2). These data are'SQQmarized\as follows: 1) |
Location and size of project,” 2) roédway élass, 3) g}isting
pavement cross section, 4) Geometrics, and 5) traffic

characteristics. Each factor is briefly described below.

.

Location and Size of Project. The location and sizé\og
the project may be such that only certain techniques woui&“\
be cost effective. For example, projects located in remote
éfeas_will~have to be large in size &o justify the |
. transportation of the equipment asso%iated with central
plant recycling.“In place recycling i% a cosf effective
approach for pavement rehabiliﬁétion'in remote areas where

RN

22



23

small projects with low traffic volumes.are under

consideration (2). : o .
. , ; )
J

Roadway Class. Generally the roadway claés dictates

criteria for determlnlng the need for ‘pavement
rehab111tat10n as well as general criteria for selection of
Ty

an approprlate recycling alternatIVe_(Z).

Existing Pavement Cross Section. The data of original

construction together with a listing of the thickness and.
types of materials used will be important in judging the

general serviceability of the pavement. SubseqUent history
of rehabilitaf&bn énd maintenance-activities will influence

the determination of a viable recycling alternative (2).

Geometrics. The geometfic features of a roadway;sﬁéh as
, horizontal and vertical alignment, are often consfrainté to
conventional rehabilitation. technigues such as asphalt

overlays. Recycllng of existing pavement materlals offers s!

‘solutlon to some of these problems (2)

Trafflc Characteristics. Speed and volume of traffic,

. to a large exteﬁt, determines the traffic control problems

associated with pavement rehabilitation activitieg (2).
‘ .

3.3“Pavement Condition.

One éf the first-decisions necessary in sélecting a .
projéct for possiblé recyéiihg s the condition of the
pavément. The need for resurfacing, restoration and
rehabilitation or.reconstruction, is usually brought about

by one  or more of the foflowing pavement deficiencies (3):
‘ ' C , )
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1. Pavement roughness,

2. Excessive cr%cking,
'3. Excessive rutting in the wheel paths,

4, Low skid number,

5. Surface wear or ravelling,

6. _  Inadequate pavement structure.

A brjef description of these pavement deficiericies and

their‘influence on‘selectihg a reéycling alternative is

" given below.

Pavement Roughness. The smoothness of ride may be a

deciding iactor for rehabilitation of many roadways.
Pavement roughness in most cases can be corrected by surface
profiling, by cold milling, or heater planing, combined with

resué?acing.

4
i

Excessive Cracking. Excessive cracking can be corrected

by several of the availahle recycling procedures. A

1systematic?prbcedure'fdr-identification of the extent and
severity of»craé}ing should be organized. Surface recycling
can be appropriate for minor cracking? however in the cése

of extensive and severe cracking, in-place or central plant

N
Q

recycling should be considered.

T Excessive Rutting. This kind of pavément distress can

generally be corrected by surface planing or milling in
combination with a surface treatment or thin overlay. The
.th}n oveflay>could be producéa either from virgin mixes or a
combination of reclaimed and virgin ‘material. In some cases,

s%rface recycling may not be sufficient to correct problems.
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in the base or subbase, in which case in-place or cent al
plant recycling may be the proper option.

Low Skid Number. Many pavements may perform adequately

from a structural standpoint but simply be deficient in skid
resistance because of excess asphalt cement or perhaps
because of. polishing aggregate (2). Deficienéy'in skid
resistance can be corrected by surface planing or recycling
with a minimum of new matgrials. In extreme cases central
plant recycling with some percentage of virgin non-polishing
aggregate may be required. '
Ravelling.’Severe_raxgliing can be corrected with

surface recycling with or without the addition of new

materials.

Inadequate Pavement Structure. This can be corrected by .

increasing the depth of stabilization by means of in-place .
- central plant recycling. If necessary, a new wearing
surface can be added as a’precaution against accelerated
surface wear. .
In.summary, a range of alternative recycling procedures
can be used to correcg any deficiency that can be corrected

by the use of new materials.

3.4 Cost and Energy Comparison.

" Cost is the traditional criteria for selection between
various design and rehabilitation alternatives. Another
consideration which may or may not be reflected by

comparative cost is energy. The cost and energy factors

i

~
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involved in various recycling techniques should be compared
with those involved in conventional procedhres. Various
recycling techniques can be used to.save energy end reduce
costs in rehabilitating pavements. For highway
reconstruction andAtehabilitation.procedures,ﬂthe more
important energy considerations are the amounts of transport
and construction energies used. %hese are likely to have the
more significant effect on costs. A number ofﬁrecycling
techniques offer means for conserving signifieant amount of
energy and reducing costs over traditional ways of
rehabilitation. The amount of energy saved and reduction in
costs will depend on the conditions of each project.
3.5 Environmental Consideration

faere are environmental considerations concernlng the
use ¢ recYcllng procedures. They are specifically related

to safety, noise and air pollutlon. Of these three, the only

) N
one that appears to =2 significant is air pollution and

particularly opacity requirements. The cutrent solution is
to spray water on the cold feed materials, to increase the
ameunt of virgin material or dectease plant proaﬁction (3).
Some modification in equipment could help to reduce the air
pollution problem, however, the general solution is to

reduce the amount of reclaimed material used in thevmix.




4, QUALITY ASSURANCE OF RECYCLED ASPHALT CONCRETE

4.1 General

The”quality of a récycled mixture depends on the
salvaéeable materials available and how these and new
materials combined and processed to produce a recycled
mixture. The handling and processing’ technigue play an
important part in controlliﬁg the level of quality in the
final product. Proper specification control is required in
order to produce high quality paving mixtures.

There are a series of steps which must be conducted to
insure a satisfactory recYcleé asphalt concrete pavement.
These steps include: assessment of the existing payement(

evaluation of the reclaimed asphalt concrete, preliminary

design, final design and construction control.

4.2 Assess@ent of the Existing Pavement

An important'part in the assessmént of the existing
pavement is to éonduct a detailed condition survey, to
determine the type of distress that has occurred and, also
its severity, its extent, and the location. A number of
factors must be considered in Planning ‘Procedures for the
existing pavement condition surveys, such as:;T)
determination of homogeneous sections which refers to the
selection of sections that are essentially alike, 2) type,

density and severity of distress which involves visual

observations of the physical condition of the roadway.

27
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Generally the types of distress which may be
encountered are(15):

1. Surface defectg: including ravelling, aggregate loss and
flushing.

2. Permanent deformation: including rutting, shoving and
corrugations.

3. Cracking: including longitudinal cracking, transverse
cracking, alligator cracking and others.

‘Usually'these types of diétress are broadly associated
with énvironment, traffic or materials.

Identification of the nature and cause of distress
which led to the need for rehabilitation is essential in
designing any recycling project.

It is important tb idenﬁify whether distress is caused
by either the mixture problems or structural inadequacy or
both. Accordingly, specific considerations should be given

in the design stage.

4.3 Evaluation of Reclaimed Asphalt Concrete

For the material obtained frﬁm the existing pavement, .
variations in layer thickness and typé of asphalt concrete
mixtures, according fo data from prior sampling.and original
construction plans, must be established (16). From the:
‘results of the pavement condition surveys, performed
previously; variations in the type, extent, and severity of
pavement distress may provide indications where additional

samples should be taken for evaluation of the existing
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asphalt concrete pavement.

For characterization of the existing pavement, a series
of tests should be performed on the representative samples
in order to determine the asphalt content, aggregate
gradation and to recover asphalt cement for further testing.
Analysis of the existing materials consists of extracting
the asphalt binder from the mixture and recovering this
as?halt from asphalt-solvent solution. After the asphalt and
‘aggregate are recoveréd, they are subjected to a detailed
testing program,
| Extraction of reclaimed materials requires considerably
‘mqre time to complete than does a conveﬁtional mix
extraction. The present methods of extraction are the major
impediment in good quality control of reclaimed asphalt
concrete.

Any experience with any of the popular extra;tion
technigues will show that none of them are very fast and all
are of guestionable accuracy and reproducability, especially
when using different operatoré'gnd test methods (17).
However, it is essential to perform extraction and evaluate
the properties of the existing reclaimed materials, to
determine aggregate;apd asphalt type that must be used to

modify these materials to meet the specification

requirements,
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4.4 Preliminary Design

The main objective of the preliminary design is to
arrive at the proper selection of the virgin aggregate&
virgin ésphalt cement, and asphalt rejuvenator. ‘

As an asﬁhalt concrete pavement ages in service,
significant qhanges may take place in the properties of the
constituent materials. Asphalt cement hardens and loses
ductility which subsequently makes the pavement susceptible
to cracking and raveliing. The aggregate also changes.
Aggregate particles degrade under heavy traffic. Réclaiming
operations also contribute to aggregat; degradation..

Depending uponlthe typé of failure of the existing
pavement, different approaches may be.chosen to restore‘the-
materials to their original properties.

If a brittle failure, for example cracking, has
occurred, the design involves Qhe'selection of a recycling
agent which will soften the exiéting asphalt and return it
to the original characteristics (18). However, if a
nonbrittle failure, for example excessi?e rutting, has
occurred, a harder asphalt grade may be selected.in order to
upgrade the.old asphalt cement and to eliminate the existing
problems.

Therefore, it is esséntial at this stage of design to
select the proper type and amount of additives which can-be

used to recondition the’asphalt cement and upgrade the-

aggregate to meet the specifications.
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4.5 Final Design

The primary objective of the final design is to produce
a high quality asphalt concrete mixture with‘acceptable
stability, durability,>and strength charactegistics.

In the final design, the mixture properties of the
materials selected for the preliminary design are evaluated
and an optimum mix.design is selected for fhe project. This
design, however, is vulnerable to change as the construction
proceeds.

A detailed procedure and discussion for this stage of

desigh is given in the next chapter,

4.6 Construction Quality Control

The quality control and testing dufing construction for
recycled asphalt concreté is ver? similar to that of
conventional mixtures. However, some additional testing is
required during the construction.

A majér addition to thejstandard testing procedures is
the control of the consistency of the ésphalt cement in the
final recycled asphalt‘cdncrete mixture. This includes
recovery of the extracted asﬁhalt and a measurement of the -
penetration and viscosity of the recovered asphalt. Recovery
of the asphalt’ cement should be made at regular intervals '
during the production proce;s to insure that the recycled
asphalt concrete mixture is acceptabie.>

Grading analysis of the reclaimed aggregate should be

monitored daily along with the amount of extracted asphalt
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from the reclaimed materials.

Corrective actions should be taken immediately, if the
variation of the test results exceed the tolerance limits
given in the' final design. |

With the exception of additional tests, the recycléd
.asphalt concrete mixture should be produced and placed using
the same techniques as'that for conventional mixtures.

Standard compaction requirements for cecnventional
asphalt .concrete pavihg must also be applied to the recycled
mixtures, and no déviafion from standard specifications
should be allowed.

More detailed discussion on the construction quality

control and testing procedures is given in Chapters 6 and 7.

),
¥
-



5. RECYCLED ASPHALT CONCRETE MIXTURE DESIGN

5;1 General

The purpose of this chapter is to address necessary
procedures zgqui:ed to produce an acceptable recycled
asphalt concrete mixture.

| Procedures for‘the design of recycled pavements have
| not yet been standardized, however several agencies have
published guides for the recycled mixture design (19-27).
Alberta Transportation .recycled pavement mixture design is'
presented in Chapters 6 and 7 for the two 1982 projects.

In general the purpose of mixture design is to utilize
the reclaimed pavements, new aggregate and modifier to
produce quality recycled asphalt mixtures. Greater care may
be required in recycled mixture design, since the basic
materials used are reclaimed from a failed pavement and
hehbe modification of these reclaimed materials is required.

The ptdcedures presented here for the development of a
mix design for recycledtésphalt concrete projects are what

the author believes to be a preferred seguence of events.

5.2 Recycling Modifier )
The reclaimed asphalt often has characteriséics which

are ﬁndesirable'for reuse without any modification. A

recycling modifier may be used to restore the reclaimed

asphalt to the required specifications. The recycling

modifier must be able to modify the properties of the

33
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asphalt binder to the desiréd characteristics.
Generally the purpose of a modifier in asphalt paving
recycling is to (19): |
1. Restore the recycled or old asphalt characteristics to a
consistency level appropriate for construction purposes
and for the end use of the mixture,

2. Restore the recycled asphait to its)optimum'chemical
characteristics for durability,

3. Provide sufficient additional bindér to coat any new
aggregate that is added to the recycled hixture and,

4. Provide sufficient additional binder to satisfy mixture
design requiremenﬁs.

The type, source and consistency of the reclaimed
asphalt has ¢ profound effect on the selection of the
recycling modifier.

Recycling modifiers can contain different categories
such as softening agents, rejuvenators, flux oils and soft
asphalt cements. \

5.3 New Aggregate

Depending upon the recycling ratio chosen, the
percentage of the new aggregate in the recycled mixture can
bé specified.

New aggregate may have to be»adéed to the mixture for
one or more of the following purposes (19):

1. Satisfy gradation requirements, ‘

2. Skid resistance requirements for surface courses,
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3. Air quality problems associated with hot central plant
" recycling, |
4. Thickness reqguirements,
5. Improved stability, durability, flexibility, etc., and
6. To allow the addition of sufficient modifier to restore
the aged asphalt to specification requirements..

In order to fulfill the ahove purposes and, in
particular to meet. the air quality regulations, use of a
minimum percent of new aggregate is necessary. This minimum
value may change with the use of different kinds of asphalt
plants. Generally_the specified minimum is largerafor.batch
plants when compared to drum mixers. This requirement may
gradually decrease as a result of improvement in equipment
and recycling oberation. v J

bepending upon the gradation of the reclaimed
%zggregate, the new aggregate gradation can be specified. The

blend of the new and reclaimed aggregate should meet\the

spécification requirements for gradation of total ag%regate.

5.4 Mix Design Laboratory Procedures
The stepé necessary for the desigh of recycled asphqlt
mixtures are outlined as follows:
1. Evaluation of the reclaimed material,
2. ‘Determination of the émount and gradation of the‘new
aggregate,
3. Selection of the type and grade of the recycling

modifier,
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4, Proportioning and testing trial mixes and
5. Establishing the job mix fo%mula.

The above procedures should be carried out carefully in

order to obtain quality recycled asphalt concrete mixture:

Description of each step is presented below.

‘

5.4.1 Evaluation of the Reclaimed Material

Extraction and‘recovery'of the asphélt and aggregate
f;om.tﬁe reclaimed pavement and determination of their
amounts should be first carried out in ‘order to evaluate the

. -~
reclaimed pavement.

Reflux method (ASTM D 2172-81,B) is used for
quantitative extraction of asphalt. The extrac: asphalt is
recovered from solution by the Abson method (ASTM D 1856).
To measure théhconsistency of the recove;ed asphalt the.
following tests should be conducted:

1. Penetration at 25°C (ASTM D 5),
2. Absolute viscosity at 60°C (ASTM D 2171), and .
'3."Kinematic viscosity at 135°C (ASTM D 2170).

Asphalt content, penetration‘and viscosity should be
determined on all samples, since it gives a measure of
project uniformity. Sufficient asphalt should be recovered
s in o?der‘to be blended with recycliﬁg modifier for further
_testing.

The recovered aggreggte from the reclaimed pavementv

should be tested for gradation. The gradation is determined

according to ASTM C-136. It may also be desirable to check
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. aggregate soundness (ASTM C-88), number of crushed faces,

and aggregate toughness (Los Angeles Abrasion Test, ASTM

C-131).

5.4.2' Amount and Gradation of the New Aggregate

The percentage of the new aggregate in the recycled
mixture is goverﬁedvby the choice of the recycling ratio.
"~ However, evaluation of the réclaimed material described in
the previous sectibn\sﬁould be used.as a feedback for
selection of the mentioned recycling ratio.
, The new aggregate should be combined with the reclaimed
aggregate to obtain a final gradation that.will comply with |
standard gradation fequirements. Any deficiency in-the
gradation of the reclaimed.aggregate cén be adjusted with
the addition of new aggregaté of the proper sizé and
pavement mgterial can be corrected with the addition of
proper new aggregate.'. |

\

5.4.3 Selection of Type and Grade'bf Recycling Mbdifier

The grade of the recycling modifier and the target
consistency of the asphalt in the recycled mixture is
selected ét this stage of the mix design,

The recovered asphalt is blended with selected types of
récycling moaifier at various ratios. Thesé blends are
‘tested for:

1. Penetration at 25°C,
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2. Viscosity at 60°C, and
3. Penetration at 25°C and viscosity at 60°C on the»fesidue
after the Thin Film Oven Test.
The relationship between penetration or viscosity of
the treated asphalt and the percentage of the recycling

modifier are plotted on arithmetic scales for .selected typed

of modifiers. Typical plots are shown in Ficnres 7.2 and 7.3

~f Chapter 7. The type of modifier to give ..ue desired:
consistency in the recycled asphalt,cement is then

3

determined. Y

5.4.4 Proéortioning and Testing Trial Mixes
Specimens of mixtures containing reclaimed pavement,

new aggrégate and recycling modifier should be prepared.‘
frial mix aesigns folléwing the Marshall method are
performed for various percentage 6fubindervcontents.
Specimens are subjectedvto étability testing and air voids
determination. Extraction and recovery tests should be
carried out on the selected test specimens. The properties
_gf the extracted and recovered binder from the laboratory
prepafed and recycled mixtures are an indication of the
éompatability and durability of the recycling modifierl

| The resilient modulus appears to' be the.beSt single
test to identify the effecf of the modifier bﬁ thefﬁixture.
This test is sensitiveJto the prope:ties of the bi;éer and -

will help to define the amount of modifier required to

produce a binder of known coﬁgistency (19).

7
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Selection of the optimum mix design should~be based o;
stability réquirements and air voids criteria. Resilient
modulus also should be conside;ed. The optimum mix desigh:
esﬁablishes the percentage of each of the various materials
to be used in the mixture tQ”insure that.the combined
aggregate properties, asphalt properties, and mixture
p}operties are satisfactory. |
5.4.51Establishing the gop Mix Formula

An optimum mixture deéign meeti;g the specified
requirements, as a result of the previous step, is selected.

A job mix formula is then prepared giving the design
weight percent of ﬁhe reclaimed material, new aggregéte and
recycling modifier. New and combined aggregate gradation,
design binder content and mixture properties are then
recommended. |

Laboratory mixture desigﬁ is the starting point for the'
field mixture and is subjected to change according to field
conditions and workability requirements. The field mix
- design may be no more than a verification of the laboratory
.mix design, but it is necessary to determine that the.
mixture produced at the plant is satisfactory prior”to full
scale produetion.

The récycled mixture should be carefully désigned to

ensure that laborato.; heating, mixing and compaction

coi.ditions correspond as closely as possiple to the field.
‘ &




6. CONSTRUCTION OF RECYCLING PROJECT NO. 1

6.1 General -

This project on Highway 2:26 and 2:28, from west of
Lacombe to west of Millet, was the first contract awarded
for hot mix asphalt concrete recycling on the Provincial
highway system in Alberta and was designed and constructed
during the summer and fall of 1982 (28-30).

The recycling section was on the outer northbound lane
of Highway 2 from km 42.000 to km 45.223 of control section
2:26 and from km 0.000 to km 14,970 of control section 2:28.
The total length of recycling was 18.193 lane-kilometers.

This highway cafries heavy commercial traffic, and also
recreational traffic throughout the year. In 1981, this
section of the highway was determined to be carrying an
Avérage Annual Daily Traffic (AADT) of 11 000 with 20
percent trucks. |

Lahrman Constfuction Ltd. of Calgary was the prime
contractor for the recycled asphalt concrete paving
operation. Majér_equipment used was a 400 tonne/hour Boeing
Drum Mix Plant eq@ipped with a Pyrocone, a Barber Greene
SB-131 Paver, two Dynapac dual ‘drum vibratory-rollers and a
pneumatic tire roller.

Budd Bros. Ltd. of Calgary was the subcdnpractor who
performed the cold milling operation. They employed a PR-575
Roto Mill with'a 1.83 m (6 ft) mandrel; and PR-450 Roto Mill

with a 2.74 m (9 ft) mandrel. Both of these cold milling

<

40
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machines wgre manufactured by CMI Corporation,

6.2 The Existing Pavement

Highway 2 is a four-lane divided highway. The
cross-section generally consisted of'7.32 m wide Asphalt
Concrete Pavement (ACP) with 2.95 m of outside and 1;63 m
. inside ACP shoulder, shown in Figure 6.1. Cold milling and
“recycling is confined td the outer northbound lane. This
section of highway was constructed in the/period,of
1964-1966 and has the following existing pavement structure:

100 mm of 16 000 um topsize ACP (1965-1966) |
50 mm of. 20 000 um topsize asphalt stabilized base
course (1964-1965)
50 mm of 20 000 um topsize granular base course
(1964-1965)
250 mm of 40 000 um topsize granular’baée course
(1964-1965)

The original asphalt cement used was of a 200-300
penetration grade aﬁd could be described as a low viscosity
or highly temperature susceptible asphalt. Table 6.1 shows
the aggreéate source, asbhalt supplier and asphalt grade fo;
this section of highway. Tables 6.2 and 6.3 show the mix
design done in 1965-1966 for Ponoka #2 and #3 pit sources.

The sieve sizes shown are the metric equivalents to the
U.S. standard size designations uéed previbusly. The
Marshall Test values have been converted to SI units to

conform with current practice.

/7 .‘ ..
fes s



TABLE 6.1

Aggregate Source, Asphalt Grade and Asphalt Supplier
Project 2:26, 2:28

Section ‘ Aggregate Asphalt Asphalt
km to km Source Supplier Grade
km 42.000 Imperial
2:26 to Ponoka #2 _ 200 - 300
km 45.223 - Edmonton
km 00.000 ’ Imperial
2:28 to Panoka #2 200 - 300
km 2.410 Edmo: _on
km 2.410 B ‘ Imperial
2:28 to Ponoka #3 200 - 300
km 14.720 Edmonton
km 14.720 | Husky | 4
2:48 Poncoka #3 200 - 300
km 14.920 Lloydminster
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Detailed information on the design and construction of
the seCtién 2:28 using Ponoka #3 aggregate has been reported
~as part of an eariier extensive study directed towards
determining the variability of the asphalts as used and
their subsequent behaviour in service (31).

The termination of the low viscosity asphalt sﬁpplier
was at km 14.72 with the end of the recyclin§ sectign at km
14.920. Field condition éurveys showed that severe rutting
was confined within the iimits‘selected for cold milling.

The condition of the existing. pavement may be
summarized as follows:

Benkelman Beam spring rebound (x + 2¢): 1.12 mm
(0.044 in) (1981).
RCI : 5.5 - 6.0 (19815.
Sufface condition: major bleeding, sevefe tr#ns?erse
low temperature cracking.
\\\ averaging 7.3 m spacing and

severe rutting in the outside

The rut depthscfgre measured with 1.8 m (6 ft) straight.
edge. Cores takeﬁ/écross the outer lane at three stations
indicated that fﬁtting was due primarily to a reduction in
thickness of the ACP surface course and asphalt stabilized

base course.
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6.3 NewlPavemént Design

The existing pavement on the outside travelled lane was
to be cold-milled to a depth of 40 mm and a width of 3.66 m
and be replaced with recycled mix. The reason for that was
severe rutting distortion in the outside léne. Thev |
cold-milled area was to be shifted approximatelv: 0.3 m off
center line to the outside shoulder, iﬁ order to remove the
pushed-up pavement existed along the painted shoulder line.

The inside trqvelled‘lane required only minor
ievelling. The entire roadway width was then to be overlaid
with 6nev50 mm lift of virgin mix. Reference may agéin be

made to Figure 6.1,

6.4 Project Mix Design Procedure

Mix design proéedure followed these steps as shown in
Figure‘6.2.
. 1. The first step was to evaluate the properties of the
Reclaimed Asphalt.Pévement (RAP), thus 10 pairs of

150 mm diameter cores were sampled within the job

limits. g

2. Using one core from éach pair, the following tests. were
pefforméd:
-gquantitative extractioa of asphalt by reflux method
(ASTM D 2172-81, Method B), " |
-recovery of asphalt by the Abson method
(ASTM D 1856-79), | .

-penetration at 25°C and viscosity at 60°C
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Figure 6.2 Mixture Design Procedure, Project 2-26,2:28
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and 135°C of the recovered asphalt, and
-aggregate gradation. |

The test results are shown in Table 6.4. It should be
noted that the recovered asphalt has a penetration at
25°C of 176 dmm and absolute viscosity at 60°C of 31 F..s,.
It was consider~d that a softening agent was not needed
and a harder grade of virgin.asphalt cement was required
in order to achieve a binder more resisté%t to rutting
than ' ¢ originai. |
The recc vered asphalt was batched together and blended
at various *reciaimed asphalt to virgin asphalt ratios"
(r/v) with two different virgin asphalt grades: one
similar to the original asphalt grade, 200-300 A, and
the other one grade "harder", that is, 150-200 A. These
blends were tested for:

- penetration at 25°C,

- viscosiﬁy at 60°C, and

- penetragion at 25°C and Qiscosity at 60°C

6n the reéidue after the Thin Film Oven Test.

The penetration and viscosities for various r/v ratios
were plotted on arithmetic scales and the relationships
were approximately linear. Theréfore,.ff the
characteristics of some other vifgin asphalt were
assumed, estimates of the penetrations and viscosities
of the blends at various ratios could be made without
car;ying out physical testing. Figure 6.3 shows the

LI

relationship between viscosity at 60°C and r/v ratios{
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for various asphalt grades. Figure 6.4 shows the
characteristics of various blends using reclaimed
asphalt from the project and four dlfferent virgin
asphalt grades. It should be noted that the" values shown
using virgin grades 100—120 A and 120—150 A are only |
estimates. |
4. Trial mix designs following the‘Mar;hall method were
“carried out at various "reclaimed to virgin mate;ial"
(R/V) ratios of 100/0, 72/25, 50/50, and 0/100. The
virgin asphalt graaé‘of.150—200 A was used for all trial
mix désign. The characterisfics of the mix at the design
‘asphalt content for the various trial m{x designs are
summarized in Table 6.5. 7
As a result of the tasting'and evaluatian, the recycle
mix was designed for an R/V ratio of 75/25'at a total SigSer
content of 5.2 percent by weight of‘dry aggregate. For this
R/V ratio a virgin asphalt cantent of 0.7 percent was
required. The virgin asphalt grade selected was’a—120-150 A
which was felt would result in the equivalent of a 150-200 B
grade asphalt in the recycled mix. As seen in Fiéare 6.4,
this addition is expected to de;féase the penetfation at
25°C and increase the viscosity at '60°C, with an improvement
in temperature susceptlblllty
Slnce the mix properties for the 75/25 and 50/50 ratlos
were veryrslmllar the hlgher ratio was selected,prlmar1}y
dpe to the obvious‘savings in virgin asphalt cement andu

\

aggregate.



TABLE 6.5

Summary of Trial Mix . Designs - Project 2:26 & 28

52

R/V 100,/0 75/25 50,/50 0/100
Design '
Totad A.C. ¥ 6.0 5.2 5.1 5.4
Design _ .
Virgin A.C. $* . 0.7 2.1 5.4
Density 2 404 2 382 2 375 2 361
Stability N 10 617 12 250 - 12 250 12 875
Air Voids % 1.0 3.1 3.1 3.2
V.M. A, % - . 11.2 11.4 12.8
“Flow m 2.8 2.1 2.2 2.8
Ret. Stab. (after o
24 hours soak) % - 23 e 22 28
GRADATION
R - N
Sieve Size um Percent Passing
16 000 . 99 97 97 100
10 000 74 77 82 85
5 000 53 55 57 56
1 250 - 32 33 33 32
630 23 ° 24 25 23
315 15 17 18 16
160 10.4 11.5 12.3 11.3
80 8.1 8.4 8.5 8.5

* Based upon dry weight bf aggregate
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summarized results and design curves for an R/V ratio

of 75/25 are presented in Table 6.6 and Figure 6.5.
6.5 Construction

6.5.1}Recyc1ing Methods

The recycling operetion involved the reclaiming of the
existing pavement‘to a partial depth of 40 mm and width of
3.66 m by cold milling, hauling the reclaimed asphalt k
pavement to the stockpile site, recycling the combined
reclaimed and virg}h material through a drum mix®asphalt
plant and placing the recycled mix to a depth of 40 mm as
‘recycled asphalt concrete. fhls was then covered w1th a

50 mm lift of conventional ACP as a surface course.

-

v

- 6.5.2 Reclaiming Operations
Reclaiming involved cold-milling the_existﬁng pavement
to a depth of 40 mm and widch of 3.66 m (12 ft). The
contractor used two CMI cold millers, one PR-450 Roto-Mill
which h'd a 1.83 m (6 ft) mandrel, and(the other a CMI
Autograde PR-575 Roto-Mill whicf had a 2.74 m (9 ft) wide
~mandrel. Since only a . width of 3.66 m of the existing
pavement was to be ~old-milled, each machine milled only
©:1.83 m wide striéa The two machines were operated at a
close sﬁadﬁng in the order of 50, m apart.

) The mllled materlals were loaded directly via a

COnveyqr belt into trucks for transportation to the plant
ﬁ

B
{

b
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site for stockpiling. Some fine éuttings were deposited
behind the Roto-Mill on the milled SQrfaCe. These fine
cuttings were accumulated by the sweeper and dumped in front
of the cold miller. This procedure contributed to the
increase-in fines content of the reclaimed material. Water
was sprayed constantly in order to keep down the dust and to
cool the cutting teeth.

An average of approﬁimately.1200 tonnes of asphalt
concrete pavement was reclaimed in.a 10-hour Qorking day.
Each machine was oéerating at a speed of approximately
7 m/minutel This totalled about 3 km/day, taking the down
time required for changing of the cutting teeLh and other
delays into account. An averade of about 60 tonnes/hour of
asphaLt.;oncrete-pa;ement was reclaimed by each machine.
| Céld milling started on September 16, and for the first
two days confined to bridge decks and under‘bridges. Full
scale milling was from September 20 té 27th, 1982, a period{\f;'“
of 6 workihg days..Duringﬁthe reclaiming operation the -
weather was‘generally warm and sunny with mid-day air
temperatures in the range §f'11 to 22°C. In fhe.morning,
_Qhen the pavement was cooler, reclaiming of the cold
pavement was slower than later in ﬁhe_day-and the rate'of
tooth wear was increaSed; There was an Qbservéble
improvement in the reclaiming operation during the warmer .

parts of the day.
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6.5.3 Plant Operation

The hot plant and the stockpile for the reclaimed
material were located near the Mix Crushed Stockpile Site in
the SW 27-42-26-3. The aggregate'from'the Mixed Cfushed
Stockpile was used as the virgin aggregate for this project.
A granular base was constructed for the reclaimed asphalt
concrete stockpile. This stockpile was kept to a maximum
height of 3 m to avoid consolidation duriné'warm weather and
segregation. A conveyor belt was not used for stockpi}ing,
however, this did‘not aﬁpear to cause ; problem.

The contractor employed a 400 tonne/hour Boéing Drum
Mix Plant equipped.withch specially designed Pyrocone to
protect the reélaimed asphalt concrete from direct contact
\with the burner flame.

The recléimed asphalt concrete and the virgin aggregate
were removed from the stockpile with a front end loader and
Placed into separate cold storage bins. From the bins both

the 'RAP and\virgin aggregate were fed into the front of the

drum by‘é cénveyér belt, after passing through a grizzly

PR

écreén to remove oversize‘parﬁig;es; The drum‘was‘inclineﬁ
at a slope of 3.0 degrees to théﬁhorizontal. The - /s
‘proportioning of the reclaimed asphélt concrete and“the
virgin aggregate ‘was done by conveyor belt scales. The new
géphalt was added near the mid—pqint of the dfu&. The final
recycled mix was then discharged into the hot elevator at
fhe rear of the drum and transported up into a storage silo.

‘The temperature of the final mix was displayed in the
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control room. .

A élight amount of water, aéproximately 1.8 percent by
weight was added to the cold feed at its point of entry into
the drum mixer, to\help control stack emissions. Howéver,
the amounﬁs of dust and blué smoke-produced were
considerably higher than with conventionai asphalt concrete
mix. ) |

Actual méasﬁrem;nts of the stack emissioné for
particulate and opacity requirements were not. taken, however
the comparative appearancés of the exhaust dischargeslfor
the reé¢ycled and conventional mixes were distinct.

The plant was operated at a production rate of
approximately 210 tonne/hour. It was noticed that as the
production rate increased to about 280 tonne/hour, the
émount of dust and blue smoke increased considerably.

The average recycled mix temperature was about 140°C,
however, slight fluctuations in the mix temperature were
noticeable. | |
’6;5.4 Paving ) | L F

Paving of the recycle& asphalt concrete mixture
commencéd on September 20th and was completed on September:
27th, 1952) a period of six working days. The recycled
asphalt concrete was“about 7{000,;onnes'in total, for an
average of 1 170 tonnes per day. |

A special provision in the contract required that after

removal of the existing asphalt concrete pavement and

.-
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cleaning of all"dirt and debris from the cold milled
surface, a tack coat was to be applied. The recycled asphalt
concrete was to be placed after a curing period of not iess
than one hour.

Initially a tack coat of diluted SS-1 emulsified
asphalt was applied, however after the first day it was
_ decided to omit the tack coat application for the remainder
of the project. Delays to thelpéving operation- and the
milled surface being deemed sufficiently rough were some of
the factors considered by District personnel in reaching
this decision.

The confractor used a Barber Green'SB-131 Paver for
laying the mix, and two Dynapac dgal drum vibratory steel
roliers CC42A and CC50A for»compaCtion.

Visualiy, the recycleddﬁax piaced on the road appeared
satisfactory. It seemed to be yell coated and to contain. the
proper amount of asphait'cemenf. Not much difference bégﬁeé;
the conventional and the recyc¢led mix could be detected.
Also the recycled mix was similar in handling to the virgin
mixes when placed through the paver. The recycled mix was
observed to be very stable under roiling, with no slippage
evident. | |

In some iﬁsﬁances 6versize stone particles, larger than
16 000 um were dragged along by the paver screen:and haa to

be manually removed and mix replaced prior to breakdown

‘rolling.
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It was observed that the recycled asphalt concrete mix
cooled faster than virgin mixes. This cod}d be due in part
to the use of the Pyrocone, which prevented direct contact
of the burner flame with the virgin aggregate and reclaimed
asphalt concrete; 4 .

In view of the apparent success with the R/V ratio of
75/25, it was decided to try a short section of 85/15. On
‘September 23, a section of the northbound travelling-lane
‘between station 7+660 and station 7+860 ;as paved with this
ratio (Unit 24R). No virgin asphalt was added, since the
asphalt content at this ratio was in the same order of the
optimum asphalt content required. '

%his trial was not satisfactory due to the following'
reasons: |
1. Blﬁe smoke increased significantly, which was not

‘degirable, |
2. The mix appeared to lack cohesion under rolling, -
3. Cr;cks appeared- on the mat after thé rollér had passed,
and | o |
4. The pavement started ravélling almost immediately."
On September- 27, recycle mix with R/Y, 2. 75/25 was used

eat”

for the top lift on a short test section on Southbound

passing lane between station 8+440>and station 8+920 (Unit
34R). Thé virgin asphalt ceméht added was 1.0 percent,

bringing the total asphalt content to 5.5 pércént. Despite
this being slightly over the design value the recycled mix

appeared to 3ohtéin the proper aSphalt content. No
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difference in appearance between the cqnventional mix and
the recycled mix was observed. The mix ﬁ%é”yegy stable uﬁder
rolling. This section will be evaluated by periodic
observations of surface condition.

Ravelling of the tapered joint at the start of this
~section was observed shortly after constructioni This
"condition did not deve}op throughout the section and hénce

it can be attributed to faulty methods in constructing the

joint.

6.6 Test Procedures

The testing operation for fhe recycling project was
performed by two separate laboratory services, the field
laboratories located at the plant site and the Central
Laboratory of Alberta Trahsportatjon located at Edmonton.

The field laboratories were uéed for process control
énd consisﬁed of two mobile units, one from th; Diétfict and
the other was the special projeété lab froﬁ the Central
Laboraﬁory Testing Services. The two mobile labs worked in
conjunction and performed the fbilbwing control tests and
inspeétion:

(a) Virgin Aggregate:
' - sieve analysis,
- moisture contentl

(b) Reclaimed Asphalt Pavement:

- Determination of asphalt contert by nuclear

gauge,
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- Reflux extraction:
- "asphalt content ' ‘
- Sieve analysis, |

- MPisture content.

(c) Récycied Mix:
' - Air voids and density of tield laboratory
compacted specimen.

- centifuge extraction:
- asphalt content Y,
- sieve analysis,

~ Reflux extraction:
- asphalt content
- sieve analysisn

- Moisture content.

(A) Plant Checks:

~ ‘Asphalt content based’on bulk quantities,
- Productio: rate, |
- Recycled mix discharge temperatures.
(e) Road Inspéction:

--Placing and compaction temperatures,

C Compaction'equipment and rolling,péftérns.
(f) Compactybn and air voids based on cofed»“
samplés;

The Aiberta Tgansportation Laboratory at Edmontoh,
performed the féllowing tests on samples submitted frbm eéch"‘
production unit:

™

1. Recovery of asphalt by the Absdn method from solutions
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extracted from the RAP and récycled asphalt concrete,
2. Penetration and viscosity tests on the recovered
asphalt, and

3. Sieve analysis on the recovered aggregate..-
6.7 Test Results
6.7.1 Field Laboratory Results

The results given in this section are bnsed on the

field laboratory tests obtained during congzruction.:Tables

6.7 to 6.13 summarize these test results.

Table 6.7 shows the temperature observed at various
stages of construction. The average drop in temperature

between discharge and placing, observed just behind the

paver, ‘was 14°C with a standard deviation of 7.2°C.

Table 6.8 gives a summary of the compactioh%data-fbr
the‘recycled asphalt concrete. The average coﬁpaétion
achieved on this project was 95.0 pe;dent with a standard
déviation of 1.8 percent. Figure 6.6 éhows a hisfbafam'and
frequehcy distribution of these coppaction.data. According
to contract specifications the asﬁhaltic,mixture should have
been compacted té an éverage density of At least 97.0
percent and a minimum density of 95 percent at all
locations. The achieved average gb&pactioh is about 2.0
percent lower than the specificed compaction.

In order to determine whether the low density could be

a result of factors relating to the recYéling,operacion
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TABLE 6.7

Temperature Variations for Recycle As'phalt Concrete Pavement,
Project 2:26,2:28

Temperature °C
Date Time Unit # - . |
' , Discharge mix Placing | - Breakdown Air
@ plant : |

20-09-82 | 12:00 12R 140 110 110 k)

14:00 | 13R 120 103 | 105 16

16:00 | 4R 134 122 | 17 20

18:30.| 1SR 140 125 120 17

21-09-82 | 11:30 16R 135 128 120 11

‘ 1 15:50 17R S 139 ‘ 125 125’ 18

18:00 18R 138 126 120 - 18

22-09-82 | 12:20 | 20R 141 130 130 | 12

17:00 | 21R 141 . 125 - 120 19

18:30 | 22R . 148 74 129 . 126 - 17

23-09-82 | 12:30 | - 24r* 13 | 122 - 12

- 15:00 | 2SR f139 |7 135 125 22
24-09-82 | 13:50 28R o149 - - .1 |
15: 30 29R 143 121 . -116 18 |

27-09-82 | 14:05 32R ' - 145 . 135 16

16:00 |  33R 138 =3 - 19

18:00 34 145 140 135 17.

X

* Test Section, N.B. Travelling lane with R / v= 85/ 15
** Tegt Secum,SB Passing lane, "Top Lift"

N -
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TABRIL 6.8
Compaction Summarys Project 2:26,2:28
< B Pl \,
Formed Specimen. (Marshall) *Field Densities. -~ Cores
Date . ] c .
Unit # Density | . Air | Unkt # Thickness Density TAlr
‘ *kg/m’ wids - kg/m’ voids
oo N P N Ea “ .
20-09-82 12R 2328 6.0 35 ‘21687 | 12.4 93.1
13R 2364 - 3.6 s '
14R 2365 4.1
15R 2363 4.7
21-09-82 16R 2374 3.6 |
17R 2369 | 3.9 °
. : ki )
18R 2375 3.3 - . ‘ ) 94
45 224 Y, 8.4 94.7%"
RNy T - L 2
18R - a0 - 4 2210, '}, 1000 47 v93.1
22-09+82 20R 2367 4.0 . 20m B 2314 6.1 | ofis
' v 7 20R " as 2277 7.6 96.5
21R 2388 3.1 | T2r 45 2348 4.6 98,3
o U axe 50 2289 7:0 95.9
22R 2357 3.6 |0 2w 50 2284 7.1 96.9
B \ am | s 2201 10.7 3.4
23-09-82 24R* 2385 3.9 24R © 40 2222 10.3 93.3
24r 45 2343 5.2 98.4
24r 4s 2255 8.2 94.3
24R T 50 23247 5.3 9L
- 2am Yo a5 oL 2321 5.6 ) 97.0
" 258 2399 2.5 2587~ .40 2244 8.6 | =93.8
, - 25, as 2283 7.0 95.4 -
. 25R 40 - 2208 10.0 | . 923
\ v 40 v ) V o )
h \\ - ‘.\?_)‘ " ; . \)‘.
kY PR .l, ' o & N
Lo RN . "
. " o v 1, c g
14
N\ < i -
N v o
v | '
. I & - >
E B b Lo
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-
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e
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.
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Ry ; ey
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v
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7
o, Formed Specimen (Marshall) Field Densities _ Cores
. g i 'y
‘ Unit '§. | Density Adr -* [Unit # Thickness '{ ‘Density Air Campac-
cor kg/m’ Voids § * ©om kg/m’ voids ¢ |- tion
24-09-82 28R 2375 3.3 28R 38 2246 - 8.6 94.6
28R 40 2254 8.2 94.9
St 728 40 2276 7.4 |- 95.8
LI * te . -
; 29R 12367 4.6 29R’ 50 2260 . 8.9 95.5
Sy - - 29R so° | " 2254 | 9.1k 95.2
: 297 as t2274 | TR03 | 961
27-09-82 32R 2347 5.2 2R 40 . 2252 96.0.
‘ 32R 40 2248 95.2
32R 50 2265 296.5
33R 2358 4.4 33R 40 2267 96.1
) Co v 33R 40 | [|w 22477 95.3
34R*+ 2374 3.7° | 34r 50, 2258 95.1
ol © 34R 60 2214%" 93.3 w»
‘ 3 . ) . Easy e
o © 34R. 60" o 2278 956+
"“’."& N - H : :
Average 2368 4.0 a4 I 2253
s.b. 16 0.8 L5 45 L.
" No. 16 16 38 7~ 3. 38
¥ Test Section, N.B. Travelling-lane with R /v = 85 /15 <
**x Test Section, S.B. Passing "lane, Top Lift ‘ .
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only, an analysis of«tompaction data for the conventional

asphalt\concréte surface course placed on the same project

was made. Figure 6,7 presents these results in the same form
of hist@gram’and frequgﬁéy distribution.AThe averagé
compaction aéhieved on the ACP surface course was 95.0
peréent also, with a standard deviation of 1.2 percent,
slightly lower than for the recycled pavement. Comparison of
the tw? histograms shows that the compéction of the recycli-d
mix- is not normally distributed, with a larger number of
observations in'the.density range below 94;0 percent.

Although the average densities are the same, the variability
. in.compaction oi.che recycled mix is more than that of the

conventional ACP.ﬂOne of the main reasons for this could be
mote rapid cooling and fluctuations in the temperature of
the recycled mix. Additional compactive effort®in response

to.quality control testing on the project could have

g

improved the overall results. : "”1 : ‘ \ .

Table 6.9 summarizes the asphalt..
for the re

VL
e

~laimed asphalt concrete and recycléed mix for each
production unit. Previous control laboratory«extractions on

il
e .

_core samples héd.ihdicated an asphalt contant "of 6.0 ,

«perceng.tpue to'time limitafioﬁs“oqu four extraétionsrpased

on the geélaimed matefiéj%w;re»pe:formed»in the field. |
Based on the value of 6.0 percent and a R/V ratio of

'75/?5, the plant controls were qét for the addition of 0.7

..péi%ent new asphalt cement. Exceptions to this were for unit

C T >3 e .,’—, . . . ? ’ . . ) &
: 3i§7ahd'2§§‘ Unit 34R-was a section of top-lift which was to
e, i - A o v : K . . . . \
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- | ' 70

content. determinations s §

T

W

”

S



71

Ly
c

S1° ot . 4 z ~oN
z°0 z°0 £°0 /N /N a’s
6°Y 0°'s 9°s 8's G°9 aberany
s - —_ ——-- ——-- upe
.67y ——-= -——- -——- — uE ,
9y — e ---- — wze | 28-60-17 -
, . =4
Sy 0°g L°S -—- - 46z T
-— —— 0°s e e uge *78-60-b2
s 0°S 8°s - -—-- usz
Ly 9y £°s - o s vz 78-60-£2
s 0's 09 -—— ——— ¥zz
0's 0's L°s 6°s —- A1z . ’
6'v S'y £°S - —- 407 28-60-22
z°s z°s 0°9 ---- x-- g1
6 s L*s 9°g - Ut
0's 8"y €S ---- €9 ° 9T #8-60-12
Sy — S - 4T _
6y — o = 979% upT 3
€' . £°s 0'9 Nw —— —— SUCT
9y T = ———- T e Uzl 28-60-02
afnytyua) afmztI3We) abnjytajus)
TeaTOoNN pPI3083110) Ysvy pI3daxaocoun xnyiad ‘ jecatel=b& (s oli(y] \L ¥ T
. - F3eg
- % .°D°'VY  XTH paraioay ./4 3 D'V UQ:HE. y . 5
N

82:z ‘9z A0aloag
USRUOD JITRYISY JO UOTIPUTUIRSY PaTd

"9, JI8NV

“

-

3o

.t

P



72

TN
o,

"

877 ‘9ziz 309(aid ‘9SO soerms

338I0uUco TeYdSE IO EEp UOTIORAUDD JO UWOTINqTI3sTP AOusnbeii pue ueibolsty, L°9 b3

uwoTINgII3STq Aousnbaxq

,\\ . ? ,uu\. M
2 ¢ .
uoTlorduoy JusoIsg
00T 66 86 L6 96 S6 -6 €6 - 26 16 06 68
0 ) RN F 0
L]
=, [ >
m T°0f
: 101 &
g B E
° .
o &
) 0 K
% . 1 0¢ m. m
w hl .m..
e I
o €70
&
L8 = "N 1 08
T =0
0°66 = % ]
« bl




.
e

73

I N
be left expgsed to traffic. Slightly increased binder

content was considered desirable so 1.0 percent asphalt.
cement was added. Unit 24R was a short trial section in
which an R/V of 85/15 was used. At thls h1gh ratlo it was
decided not to use any additional asphalt cement

The "asphalt content of the recycled mix, based on the
corrected centrifuge results, averaged 5.0 percent with a
standard deviaticn of 0.2.percent.‘The nuclear results were
very similar and averaged 4.9 percent, with the same

standard deviation. Air voids were calculated using the

“nuclear:results.
The average asphalt content of the.recycled mix was O.2<J

percent less than the design asphalt content, despite the

addition of 0.7 percent new asphalt cement as recommended.
This is probably due to a slightly lower asphalt content in

the RAP. Limited data presented in Teble 6.9 tends to

~— '

confirm this suggestion.

Tables 6.10 to 6.12 present‘gradations of5virginv
aggregate, RAP and recycled mixes respectlvely '

Table 6.13 glves a comparlson of gradatlon results for

cores and cold- mllled reclaimed asphalt concre%; It canfbeii

seen that there has been a 51gn1f1cant§%ncnease in the'
%
<

amounts passing each 51eve slze due'touthe“cold mllllng

operation The amount passing 5 000 Hm 51ze 1ncreased by 12
>, o

percent the 315«um size by 6 percent nd pa551ng the 80 um
& “

by 1.3 percent based on average resultSa - - %
u.'_.“ R 2 . . gﬂ“ v‘ ’ ' s ) S
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TABLE 6.13

Comparison of the Average Gradation Results of Reclaimed
Aggregate fraom CORES and QOLD-MILLED Material
Project 2:26, 2:28

Percent Passing
. Sieve Size o :
T o Reclaimed Reclaimed
i\-ﬁ,}' - Aggregate Aggregate
um (CORES) (COLD-MILLED)-
Average - S.D. - Average S.D. i
16 000 99 0.3 99 1.5 ?
10 000 74 4.0 88 Py
5 000 : 53 2.7 - 65~
1250 32 1.3 40 4.7
315 15 0.9 21 1.5 .
160 10.4 1.0 14 0.3 -
e 80 8.4 0.5 9.3 0.5
- \
P
§
’ &
< “.::}
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It is desirable that the laboratory mix design should

S ——

_be based on gradations representative‘of the cold-milled:

" pavement. lf at all possible, future .recycling projects
should have mix designs based on actual cold mllled
materlals. | M‘ ‘

Table 6.14 shows the production data for tbe recycling

- portion of the project. Approximately 7 350 tonnes of.RAP |

and 7 000 tonnes of reoycled mix were produced.:Almost'19 km

of recycled asphalt pavement were constructed.

't
"

oy

6.7.2 Central Laboratory Tests

The following tables present the test results obtaiﬁéd

."at, the Central Laboratory of Alberta Transportatlon Testlng

#

Serv1ces in Edmonton. '
9 Tables 6.15 to 6.17 show the recovered‘asphalt
properties for the reclaimed, recycled and virgin bsphalt
concrete for the pro;ect The tests performed on tbe
recovered asphalt cement included absolute v1sc051ty at

e

60°C, kinematic viscosity at 1%5°C and penetratlon at 25°C.
prevéverage values have been'recalculated after;
excluding some obleusly invalid data reported by the ,
Central Leboratorv. It appears that there may have been
incomplete removel of the extraction solvent for the results
reported as "too soft" or.those having.very\low vi%%osity'or
high penetration. ASTM D1856 79 recommends that foﬁ each new
supply of solvent a blank should be run on an %gslt of

known propert;es. Thls could provide a useful ch&{k on the
; <i X ~
I 3 P : : . ""5‘5

o
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\
TABLE 6.15
Recovered Asphalt from Reclaimed Asphalt Concrete .
Project 2:26, 2:28
. - ' Tests on Recovered Asphalt
Unit . Asphalt . [ :
: .~ | nbsolute ' Kinematic Penetration
" Content Viscosity ~| Viscosity At 25°C .
: o At 60°C At 135°%c  |' - dm
. % Yyt .mnz/S
N ; ,
~ ey : : '
17R - | 8.9 35.7 - 201 178
. e ) \;’, )
‘18R . 6.0 76 108* 250+%,,
. ’ N ¢
20R 5.8 21.0% 159* 262+%,
21R 6.4 66.1 268 150
22R 5.7 41,5 189 " 190
4 . n W .
™~ 2SR 6.5 791 274 © 148
28R 5.8 17.7 ~;’ 176 234
-~ 29R 5.6 . - 29.9, 205 155 T
3R 5.3 '31.:5 1 £ 189 195 :
- 33 3.5% 46.7 | 215 ./ - 119
‘Average | . 5.9 43.5 215 / - 1M
S.D. . 0.4 - 18.9 34.4; 356 |
© No. -9 '8 8/ g,
;J r ‘ ‘v
o \ ' : / : {.",g )
* Data excluded from average : //\W
ot ; ° "/ i
S B
_ SRR N
» ! ® “‘\‘
R ‘E‘v - g;t,.‘" - )
: T o fe: oyt



TABLE 6.16

Recovered Asphalt from Recycled Asphalt Concrete
project 2:26, 2:28

81

iests on Recovered Asphalt
Unit Asphalt
Absolute Kinematic Pénetration
4 Content - | . Viscosity | 'Viscosity at 25°C
. - at 600C- At 1350C drm
Pa.s /s
17R 5.5 44,9 236 164
18R 5.6 48.8 234 149
20R* 5.5 5.4% 102* too soft
21R 5.8 146.8 386 131
- 22R* 6.0 14.8*% 167* | 2884+
25R 5.8 .53.3 252 _146
28R 5.3 42.7 248 184
29R 5.1 65.4 266 - 114
" 32R 5.5 52.9 261 146
33w 5.5 4.0% 93* too soft
Average 5.5 65.0 269 148
S.D. 34.1 39.0 £ 20.7
No. -7 7 7

* Data ex luczd fram average
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; TABRLE 6-17
Rece . Asphialt from Virgin Asphalt Concrete
Project 2:26, 2:28
Tests an Recovered I;Sph';alt
Unit Asphalt :
) Absolute .Kinematic’ Penetration
Content Viscosity Viscosity at 25°C
at 60°C at '135°C + Gmm
Pa.s mm’ /s
36a 6.2 113.9 - 34p 139
47a 5.3 132.2 361 130
52a 5.6 138.3 361 130
53 5.6 178.9 402 100
55A 5.5 147.8 395 123
58 6.2 165.5 399 R
728* 5.7 2.2 47 - too soft
73a 6.0 163.6 357 . 116
822 5.4 149.6 580 118
Average 5.7 148.7 - 374 121
S.D. 0.3 19.4 21.4 12.3
No. 8 8 8

* Data excluded fram average
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reliability of the procedureé used for the recovery of the
asphait by the Abson method on future samples tested.
‘Despite the exclusion of data from several of the production
units, the remaining daté can be considered as giving a
reasonable indication of the properties ofiﬁhe recovered
asphalt from the various mixes. |

| Tests on the'reéo&ered asphalt'from the reclaimed
asphalt'concretefessentially cénfirm the previousiy obtained
information on cofés presented in- Table 6.4. The average |
viscosity on_the cores at 60° and 135°C is slightly higher
.and the penetration at 25°d is the same within the precision
limits of the test. As presented in Table 6.16, the
recovered asphalt cement from the reqycled asphalt concrete
has a slightly higher viscosity at 60°C than that predicted
- from Figures 6.3 and 6.4, With the excluSién of some ohtlier
data points, the recovered asphalt cement could be
considered as equi;alent to a 150-200 B grade material, as

N

predicted.

Table 6.17 shéws the properties of the asphalt cemenfl
recovered from the v1rg1n asphalt concrete used for the
:surface course. The average penetration at 25°C was 121 and
the viscosity at 60°C was 149 Pa.s, which would meet the
‘specifications for 120-150 A asphalt cement. -

- Tests on the 150-200 A asphalt cement supply sémples
averaééd 155 for penet ation et 2§°C\and 89;5 for viscosity
at 60°C. Using theése :¥ -~ vz2lues for the recovered and

original asphalts the -=tained penetration would be 78
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percent with a ratio of 1.7 based on viscosity? Comparable
results on residues from the Thin Film Oven Test (TFOT) were
56 percent and 2.4 respectively. Very little hardening, much
less than that from the TFOT, has taken place during mixing
and placing of the virgin ACP. This lack of hardening may. be
due to the use of the Pyrocone during production of the,
virgin mix. | )
Tables 6.18 to 6.20 present the gradétion of virgin
aggregate,. reclaimed and recycled mixes respectively, as
reported by the Central Laboratory. Increased vériwblility
in the aggregate gradation of the recyéled'mixes compared to
'thg virgin mixes in evident. This trend was not noticeable

in the field gradation results presented earlier in Tables

"6.10 to 6.12. .

6.8 General Observations and Conclusions

The first hot mix asphalt recycling project on the
» Provincial highway system in Alberta has been successfully
designed and constfucted.‘Improvement'of‘riding quality Sf
the ‘rehabilitated section of Hwy 2:26 and 2:28 has been
achieved. Performance of the recycled pavemént will await
future observations. The short test section constructed on-
the project may provide information as to the performance of
recycled asphali concrete for surface courses under |

particular traffic and climatic conditions in Central

Alberta.
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The following observations are based on an analysis of

laboratory design and field construction data for this

project.

1.

<4
.

| mix at a'R/V ratio of 75/25.

\
The cold milling operation, using the CMI- Roto-Mills,

was successful in partial width removal of gsphalt
concrete pavement.

The amount passing all sieve sizes has been increased
due to the céld mil;ing operation compared to cores. The
field measured percent increase in passing the 80 um

L4
sieve size was 1-2 percent.

‘The - 75 percent reclaimed asphalt concrete and 25 percent

virgin material mixed and placed successfully, and
visually appeared-identical to éonventional mix. The R/V
ratiQ of 85/15 was not satisfactory. \

The desired mix temperature was obtained with recycled
The recycled asphalt concrete mix apparently cools
faster than virgin mixes having the same discharge
temperature at the plant.

Compaction results for thg recycled aéphalt pavement
indicated that an averége dehéity of 95.0 percent. was

acheived, which is approximately 2 percent lower than

the specified compaction. Results for the conventional

N

ACP were of the same average density, but with slightly
less variablity.
It appears that the variability in aggregate gradation

1s somewhat greater for recycled mixtures when compared



with virdin aggregate mixtures.

Using a 120-150 A virgin asphalt cement, the recovered

' asphalt cement for the R/V ratio of 75/25, was

equivalent to a 150-200 B grade material.

virgin asphal€ concréte mixes produced with the 
Boeing 400 Drum Mix plant equipped with Pyrocone
exhibited very little hardening, much less than that

from the Thin Film Oven Test;

89



7. CONSTRUCTION OF RECYCLING PROJECT NO.2

7.1 GeneralS

This chapter d15cussesfthe design and construction of
the recycling préject on Higbway 2:18; 2:20, from South of
Crossfield to South of Carstairs.

This projec£~wés the second contract awarded for hot
mix asphalt concrete recyqliné on the Provincial highway
system in Alberta and was designed and constructed during

~

the summer and fall of 1982 (32,33).

~ The reé}cling section was on the oufer northbound and
southbound lanes of'Highway 2 ffo& km 23.130 to km 31.189 of
control section 2:18 and fro& ka0.000 to km 7.070 ot
control section 2:20. The total length of récycling was

30.258 lane-kilometers. .

This highway carries he?vy commercial tfaffic, and also
recreatibnai traffic throughout the year. In 1981 this’
section of the highway was determined to be carrying an
Average Annual Daily Traffic of 16 000 with 15 percent
trucks. _

Pets. Kiewit Sons Co. Ltd. of Winterburn was the prime
contractor for the recycled\asphélt concrete paving
operation. Major equipmentlwas a 660 tonne/hour Boeing
Drum—mix Plant, a Blaw-Knox PF-?BOH paver, two Dynapac dual
druﬁ vibratory rollers and pneumatic tire roller.

Budd Bros. Ltd. of Calgary was the subcontractor who

performed the same work for the first recycling project Hwy

90
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|
2:26; 2:28. Major equipmenf used was a PR-575 Roto-Mill with
a 1.83 m (6 ft) mandrel and a PR-450 Roto—Mil}wathip 2.74 m
(9 ft) mandrel. Both of these cold milling macﬁines were n
manufactured by CMI Corporation.
7.2 The Existing ?avement

Highway 2 is“a four-lane divided highway. The -
cross-section generally consists of a 7.32 m wide asphalf
concrete pavement with 3,05 m outside aﬁd 1.22 m of inside
asphalt cdncre%e shoulder as shown in Figure 7.1. Cold -
milling end'recycling was”confined to the outer northboqpqii
and southpound.lenes. o “

This section of Highway 2, namely 2:18 and 2:20; was
constructed in the period of 1956—1958 and was overlaid in
197Q and has the followiné pavement structufe:

75 mm of 16 000 um topsize asphalt concrete (1970)
100 mm of 16 000 um topsize asphalt concrete
(1957-1958)
350 mm of 40 OOQ um topsize stabilized graﬁular baSe‘
course (1956-1957)
Some sections of 2:18 and 2:20;Qere overlaid with extensive

N
N

patches totalling approximately ngm in 1980 with 50 mm

- of 16 000 um topsize asphalt cghCEete;

. /;‘ Yy, .
These sectlons are';f

- from\km 25. 958 to km 27.561 (2:18),

N ,"‘/,



92

¥oey

0ziz 'gr:z 30afoig -

wwes 3I0A23¥ T TUWAI0D

dJV 91-1 DN wuw 09

UOT3O9S~SSQT0 Hm,o,.&\nw 1°L 2Ib1d

w 90€0

(3

it

(01=1 'S3Q) ONITIIAIT ww ol NIW

woey

[ wsot w 99°e

wasT _ wzzi

e 9



93

o

from km 4.628 to km 6.563 (2:20).

1

NBL

from km 24.097 to km 25.034 (2:18),
from km 5.978 to km 6.583 (2:20).

~.

i

The condition of the existing pavement may bé
summarized as follows: !
Northbound outer lane:
Benkelman Beam Spring rebound (X+20): 1.18 mm .
(0.047 in) (1981) |
_Average.RCI; 6.3 (1981)
"Surface Condition: majaé bleeding, moderate ~
| transverse, low tehperature
cfacking averaging 25 m
‘spacing and an éverage of
20-25 mm rut depths.
Southbound outer lane: . C
| Benkelman Beam Spring Rebound (i+2&): 1.14 mm.
(0.045 in) (1981) . ,
Average RCI: 6.6 (1981) =
Surface Condition: major bleeding, major
transverse low temperature
. éracking averaging 15 m
spacing -and an average of
. 25-30 mm'rut depghs.
Table 7.1 sh&ws the design summary of the asphalt
concrete surface in 1958. The la{ge amount passing the 80 wum

.sieve and the VMA of 12.5 percent can be noted. Construction

reports>have not been summarized in tabular form, however
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vthey show that the asphalt content averaged 5.9 percent as
'compa}éd to the design bf 6.0 percent with an average of
15.8 percent passing the 80 um sieve. |

Tables’ 7.2 and 7.3 show the design and construcfion‘
summary of the overlay placed in 1970. This oveflay is of
‘importance since it is the one that exhibited bleeding and
extensive rutting. A possible_contributing factor is the
high asphalt content. The construction summary shows that
“the asphait-content was 0.9 percent above the recommended
design vélue. The gradation was within usual job mix formula
«recommendations,;zfth the exception of 2 000 um sieve size,
which was 2 perceﬁ@ over the suggested maximum.

Table 7.4 shows the design Summary for the patched
sections placed in 1980. Construction information is not

!

avéilable.

7.3 ﬁew,Pavemen£ Desigﬁ

The existing pavement on the outer northbound and |
soufhbound lanes was to be cold-milled to a depth of 50 mm
and a width of 3.66 m and reQiaced with recycled mix. The-
reason for this corrective‘actHOn was severe rutting
distortion in the outside lane.

Due to poor quality aggregates being used in the
‘patched sectlons placed in 1980,_there were to be completely
removed for the entire w1dt§\/} highway and the reclaimed

materials from those sections were not to be used for

recycling. The outer lane of the same sections was theﬁ to



95

0£0°T 3Teydsy 3O ‘aeD OT3TORdS
0257 BBy 30 “ae1H) oTIToads XIng 0z 08
(4N 3 worydrosqy 3 eydsy
vz ) spToA ATV T4 00¥
18 % 3Teydsy Y3 s paTTTI SpTOA
Szl | 3% BBy TexsuTW sprop LE 000 7
A SuI 10°0 . . rOTd
0z0Z, | sqar ATTTqEaS 6b 000 S
L°GvT 33°'no/sqQr Atsusq
0°9 % 3Teydsy pegsebins 00T 000 02
. Butsseqd wrt
<00Z-0ST . rgpeas 3reydsy sbexany | 92TS anaTs
TeTaadul . .10 TT0 - L
frw USSURTASTIUD | taweN 314 UOTREPRID

0z:z‘'8T:z 309loag

8661 UI

3SIN0D. 9orIMS FI2Id2Uo) FTeydsy jo Areuuns ubtissqg

1°¢ THEYL




96

(320S 1Y p7)
0S % A TITqR3Is pauTelsy 6°C1 08
810°1 ‘K1aeID D13 TORdS 3TRUdSY
9.G6°C *Bby 3o *Ae19 oT3Toads Yng sz 00¥
$9°0 % vorydrosqy 3reudsy ‘
8°¢ % SpTOoA ITY 6€ 000 ¢
26°2 u rOTd
0€ST by A[TITqess 1S 000 S
T2¢2 (W/bx A1tsusq
L°S % Jusjuo) 3jTeuydsy 00T 000 0T
butsseq ur
Sl N ispeay 3teydsy —  abexaay 9z TS anaTs
Aqsny T19TTddns 3Teydsy —
HITH ‘RN 314 uoT3epRIY

0z:z ‘81:c¢ 30eloag

0L6T UT Aeraang 30 Areuung ubtseq

'L JTEYL




97

O
1781 % "Bby TeIBUTW PTC .tV zet 08
ITeydsy y3tm | ¥4 00%
VL9 % PST1TI SpTOA "4y Sy " 0002
6°G ) SPTOA ITY @berany SS 000 §
bz | Wby A tsusq sbezany 00T 000 02
9°9 $ jua3u0) 3Teydsy sbexaay
] pbutrsseg 3 , wr
Y00£-002 19pRID 3TR :
Axsny :19T7ddns uMmmmwm sberany | 2215 anats
AT ‘AN 3714

uoT3IEPRIH

02:z ‘gl:z 303foag

0L6T UT AerIan0 JO ATsuums UOTIONIISUOD

€L TTENL




98

.

LT 08
(3OS 1Y p7)
zs % ATITqeIs pauTelsy b " 61 09T
0£0°T 3Teydsy 3o Atae1H oT3Toads
"LPSZ "BBY 30 MaeIp oTytoads Y | . bz 00y
Z9°1 3 $ uoTydaosqy 37eudsy
U4 % SpTOA ITY 43 000 T -
oL % 3TeydsY WPRTM PITTTI SPTOA
ANN % "Bby TexsuT spTop 8t 000 S
19°¢ wu ’ #oTd
606 By A111qess 9L 000 0T
0pez | w/by v K 1sueq
6°S % IUS3UO) 3Teydsy 001 000 9T
. i
§°LT ¥ :gpe1s 3teydsy mcwww.wm\/w 9Z1S w.9TS
uo3Uouwpg TeTIaduy zaTTddns 3TRYdsY v
M@8I) saTexsTe) ‘3eN 3Td

uoT3EpRID

0z:z ’‘gT:z 3I08loag
0861 UT SUOT3D8S payoaed 103 Areunns ubrssq

bl TEYL




99

be cold-milled to a depth of 50 mm and a width of 3.66 m.

e

This was actually into the overlay placed in 1970.

‘The cold-milled area was to be shifted approximately
0.3 m off center line to the outside shoulder, in order to
remove the pushed-up pavement which existed along the
painted shoulder line.

The inner northbound and southboundnlanes required only
minor levelling. The entire roadway width would then be

overlaid with one 60 mm lift of virgin mix. Reference may

again be made to Figure 7.1.

7.4 Project Mix Design Procedure

The same mix design proceduré as described previously
in Section 6.4 was used.

The results of tests performed on cores are shown in
Table 7.5. It should be noted that the recovered asphalt has
a penetration at 25°C of 175 dmm and absolute viscosity at
60°C of 57.7 Pa.S. It was considered that a softening agent
was not neédeé and a harder virgin asphalt grade was
required in order to acheive a binder more resistant to
rutting than 'the original. |

‘After examining the results of all tests performed on
.cores from those section‘overlaid in 1980, it was decided
that reclaimed méteriai ffom these sections not to be
recycled, hence no further tests were performed on these

materials.
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A ‘ 10.1

[

‘The recovered asphelt Qas batched together and blended
at vafious "reclaimed asphalt to virgin asphalt ratios "
(r/v) with a virgin asphalt grade of 150:2OOKA.'These blends
were tested for:

-penetration at 25°C,

-absolute viscosity at 60° and Kinemaé@L viscosity
at 135°C, | |

-penetration at 25°C on the residue after the Thin

AN

Fﬁlm Oven Test, and
- viseosity at 60°C and ]35°C on ;pe residue
after the Thin Film Oven Test. .
The Lest results are shown io Tables 7.6‘and 7.7. The
_pehetfatioh and viscosities‘for various r/v retios.were
plotted on arithmetic scales and the relationshié was
approximately linear. With_assumed cheracteristics of other
virgin asphalt cements, estimates of  the peoetration and
viscosifies ofﬁehe various blends‘eere made without actually
carrying out phys?bal testiog,}Figure;7ii shows the |
estimated felationshio;betﬁeen oenetration at 25°C and r/v
ratio for variouS'esphalp grades. Fiéure 7.3 shows the
estimated relationship between eiscosity at 60°C and the r/v
ratio for varlous asphalt grades.“

| Flgure 7.4 shows the characterlst1cs of various blends.
using reclalmed asphalt'from the project and four different
v1rgln asphalt grades. It should be noted that the values

shown using grades of 100-120 A and 120-150 A are only

estimates.



102

31eydsy

96 961 SLT PoI3A0D3Y o\ooa
96 961 8971 c§Z/s¢L
6 ZLT S9T 05/0¢
96 89T 19T ©§L/sz
Z6 19T 99T G8/ST
¥ 00Z-0ST
98 - p9T 3teydsvy uthbaTa  00T/0
L0 d L butpustg
1833V ps3eaysay 19331Y a /o
3Teydsy
wurp

Ss b 00T ‘D,57 9§ uoT3RIISUAL

utbata / wterosy

0z:z ‘8T:g 309loxag

sot3ey A/I juaIairTg 104 0,52 @ uoTieIjBULg

97 dIHYL




103

._ ~ 3Teydsy
G9¢ L 8%T - L LS paxaaoda@y (/00T
b8eE L°6ST v6T S°¢C6 gz/stL
16¢€ S p8T L92 9°08 06/06S
bee b 8HT LLT v 8 SL/ST
66€ Z e6l 162 9°26 s8/6T
» . ¥ 00Z - 0ST
== Z2'1ve . 562 8°G8 3Teydsy utbita 00T/0
/ . .
S/,uw O SET @ s*ed D09 d s/ uw D GET d s*ed D,09 ®
oT3RWBUTY ?93nJosqy OT3RWLBUTY 23nTosqy A Y I
3Teydsy

*L°0°d°L I933¢ :4A3TsodsTA

spualg 3 TRuIbTaQ, !A3TSODSTA

utbata / wte

109¥

,

0z:z ‘81:z 3oeloxg ‘soTzeyd A/I 3uUsId33Td 103 A3 TSOOSTA DT3eWauUTy wcm 23INnTOSqyY

- ATEVL




104

X7 T T T 200/300 A
N A I _ A
/ f
va .
e
Q
2 , A
-
a
.-— -
2 e
¥ / .
a // T -
\S\ : T TT———4-150/200 A
1 \w \ g
L 120/150 A
\ ‘ (1AS/SUMED)
. I~
N
e — . 100/120 A
, " | (ASSUMED)
100 |
1004 8020 6340 40ko . o %100
-~ /v RATIO

|
\

Figure 7.2 Relationship between penetration @ 25°C-and r/v ratd fo‘f
various virgin asphalt grades - Project 2:18, 2:20
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Figure 7.3 Relationship between visoosity @ 60 C and r/v ratio for
various virgin asphalt grades - Project 2:18, 2:20 .
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Characteristics of asphalt binder for -various blends,.

Project 2:18, 2:20
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Trial mix deéigns following the Marshall method were
pgrformed at various "reclaimed to virgin material" (R/V)
ratios of 100/0, 75/25, 50/50, and 0/100. The virgin asphalt
grade of 150-200 A was used for all trial mix_designs. The
characteristics of the mix ét the design asphalt content for
the various mix designs are summarized in Table 7.8.

As a‘result of the testing and evéluation, the recyiced
mix was designed for a R/V ratio of 50/50 at total binder
content of 5.4 percentdby weight of dry aggregate;
Summarized results énd design curves for a R/V ratio of
50/50 are presented in Table 7.9 and Figure 7.5. For this
R/V ratio a virgin asphalt contenfﬁgf 2.2 percent was
required. The virgin asphalt grade selected to be used on
the project was 120-150 A which was felt would résulgﬂin a
150-200 A grade asphalt in the recycled mix. As seen in
Figures 7.4 and 7.5, this addition is expected td)decreaée
the penetration at 25°C and increase the viscosity at 60°C.
The selection of an R/V ratio of.50/50 was based upon'
sevéral factors; the highlfines content and poor quality of
thé reclaimed aggregate and thé results éf the  trial mix-

designs.
7.5 Construction ‘Cﬂ’
7.5.1 Recycling Method

The recycling operafion involved the reclaiming of the

existing pavement to a partial depth of 50 mm and width of

3



‘Summary of Trial Mix

TABLE 7.8

Design -

Project 2:18, 2:20

108

R/V 100/0 75/25 50/50 0/100
Design 6.3 5.1 4.8 5.4
Total A.C. g+ :
Design . B
Virgin A.C. %* 0.4 1.7 5.4
Density 2 376 2 396 2 395 2 362
Stability °N 9 140 . 14 500 13 900 8 725
Air vVoids % 1.1 3.0 3.1 3.6
V. M. A. 3 - 11.5 11.3 13.0
Flow mm 4.1 3.3 2.7 1.9
Ret. Stab. (after .

24 h soak) % - 80 27 70
. GRADATION
Sieve Size!um Percent Passing
16 000 96 98 - 190 100
10 000. 77 79 83 83
5 000 53 55 60 59
1 250 36 3 . 37 34
630 31 29 30 24
315 23 21 20 13
160 17.9 16.3 © 14,3 8.6
80 . 14.3 12.7 10.2 6.4 |

* Based upon dry weight of aggregate
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3.66 m by cold milling, hauling the reclaimed material to
the stockpile site, recycling the combined reclaimed and
virgin material through a drum mix asphalt plant and placing
the recycled mix to a depth of 50 mm as recyéied asphalt
pavement. This was then covered with a 60 mm lift of
conventional Asphalt”Concrete Pavement except for three test

sections described in Section 7.5.4.

7.5.2 Reclaiming Opération

Reclaiming involved cold milling of the existing-
pavement to a depth of 50 mm and width of 3.66 m (12 ft).

The contractor used two CM; cold mil}iﬁg machines, one
PR-450 Roto~Mill which had a 1.83 m (6 ft) mandrel and the
other an Autograde PR-575 Roto-Mill which had a 2.74 m
(9 ft) mandrel. Since only a width of 3.66 m of the existing
pavement wés to be cold milled, each machine milled only a
1.83 m wide strip. The two machines were operated at a close
"distance in the order of 50 m apart. The reclaimed asphalt
pavement was loaded directly via a conveyor belt into trucks
for transportation to the plant site for stockpiling. Some
fine cuttings were deposited behind the ROtOfMill.Oh the
milled surface. These fine cuttings were accﬁmulated by the
sweeper and dumped in frént of the cold miller. This
procedure contributed to the increase in fines content of
the reclaimed material. |

Water was sprayed constantly in order to keep down the

dust and to cool the cutting teeth.
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An average of approximately 1 180 tonnes or 1.7 km of
pavement was reclaiméd in a 10-hour working day. The total
amount of asphalt concrete recl9imed for  the entire project
was approximately 24 700 tonnes. Each machine milled a
1.83 m strip-at a rate of approximately 5 m/minute,
‘'reclaiming about 55 tonnes/hour.

Cold milling commenced on October 1st and was completed“
on October 29th, 1982, a period of 21 working da&s. The
PR-575 Roto-Mill was under repair for approximately 3 days,
resulting in delays te the reclaiming and recycling
operation. The air témperatures during the recl;iming
operation were in the range of 0 to 20°C. The cold milling
operation was slower during the colder weather with an
increased rate of tooth Qear. There wa§ an observable

improvement in the-reclaiming operation during the warmer

day;.

7.5.3 Plant Operation

The hot mix plant and the stockpile for the reclaimed
material were located near the Carstairs Creek Crushed
Stockpile Site (SW 25-29-1~5). The aggregate from the
Cgrstairs Creek Stockpile was used as the virgin aggregate
for this project. This aggregate was hauled a distance of
approximately 53 km from the Crossfield Pit to the stockpile
site.

The reclaimed asphalt concrete~stockpile was kept to a

maximum height of about 3 meters to avoid consolidation
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during warm weather and segregation. However a proper
gfanular base for the stgckpile was not built and this could
have contributed to the contaminationiof the RAP. The

" conveyor belt was notlused for stockpiling.

The contrac‘tor employed a 600 tonne/hour Boeing Drum
Mix Plant which was‘not equipped with a Pyrocone to protect:
‘the reclaimed asphait concrete from direct contact.with the
burner flame.

S .

THe reclaimed asphalt concrete and the virgin aggregate
were removed from the stockpile with a front end loader and
placed into separate cold storage bins. From the -bins both
the reclaimed material and virgin aggregate were fed*into
the front of the drum by cqnveyor belt. The drum wés
inclined at 8.4 deérees to the horizontal. The proportioning
of the reclaimed asphalt concrete and the virgin aggregate
was done by the'éonveyor belt scales. Initially some large
lumps of agglomerated materials were iptrodUced into the
drum. To prevent this a grizzly screen was install;h. Lumps
of both RAP and virgin haterials were removed, which
improved the texture of the pavement. '

The new asphalt was added‘near the mid-point of the
~drum. The recycled mix was theh;diécharged into ‘the ﬂot
elevator at the rear of the drum and transported ﬁp into a
storage silo.

Water was added to the mix at the front of the drum by
means of two pipes that sprayed directly into the drum. The

spray rate was controlled by a water pump and varied from
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1.7 percént to 2.5 percent by weight.A  Water was added in
order to help control stack emissions, however, the amount
of dust and smoke was extremely high and definitely not
acceptable environmentally. The main reason for this
extfaérdinarily iarge amount of smoke undoubtedly was the
lack of a Pyrocone or heat shield to protect the reclaimed
asphalt concrete from direct contact with the burner flame.

The plant was operated at a production rate of
" approximately 280 ténnes/h§pr, and usually startéd producing
recycled mix in the late afternoon. This was to allow time
for the co;d-milling operatidn to be sufficiently far aheaa
of the paver. - f

During the first half of the job the contractor did not
have a thermocouple to properly monitor dischargé mix
temperatures. This caused very large fluctuations in mix
gempératures ranging‘from_116.to 165°C., which ié most
undesirable in-case. of any kind of asphalt concrete mix, and///
especially recycled mix. The average recycled mix |
temperéture for the first half of the job was about 143°C.
For the second half of the job a thermocouple was installed
and better control of mix temperatures was achieved. The

corresponding average recycle mix temperature was about

148°C.

7.5.4 Paving

Paving of the recycled asphalt concrete mixture

‘commenced on October 2nd and éompleted November 3rd, 1982, a
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period of 21 working days. The recycled asphalt concrete was
about 18 000 tonnes in total, for an average of
860 tonnes/day.

After removal of the existing asphalt concrete and
cleaning of all dirt and debris from the cold-milled
surface, prior to paving, a tack coat was applied'using a
distributor. The material used was a SS-1 emulsified
aspbnls.

The contractor used a Blaw-Knox PE—180H Paver for
Lavii. the ix, two Dynapac dual drum‘vibratory rollers
C "2A and CC50A and a pneumatic tire roller for compaction.
''.  pave: screen placed the mix wider than the milled
section, requiring hand raking to remove the excess. When
this wes not done the steel rollers were unable to properly
compact the mix ﬁear the edge. '

Visually, the recycled mix placed on the road did not
appear very satisfactory. Some aggregate Qas partially
coaﬁed, segregation spots were apparent and ravelling of the
recycled mat began almost immsdiately. Asiseen from the
compaction summary in Table 7.13, to be discussed later in
Secfion 7.6.1, ravelling was due‘to inadequate compaction.
Ravelling was reduced by using pnehmatic tire rollers.

“ The low dégree of compaction'Q;s one of the major
problems on this project, however, this imprbved somewhat
due to an increased‘compactive effort during the second half
of the job. This is illustrated by the results for Units

30R, 34R and 37R. Despite the low air temperatures,
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increased compactive effort resulted in densities averaging
97.5 percent compaction for these units placed on three
sdécessive days. Nevertheless, for the entire project an
average cqmpaction of 93.0 percent was obtained which was
well below the specified minimum, and could not be
considered satisfactory.

- On November 3rd ihfee fecycled asphaltuconcrete test
sections were placed on the top lift of the southbound inner
lane. R/V ratios of 50/50, 25/75 and 15/85 were chosen for
these three short test sections. A summary of the design
data isrpresented in Tables 7.10 and 7.11. |

Descriptions of theée‘three test secﬁions are as
follows:

Section 1 - R/V = 50/50. This section began at station
38 + 100 and ended at sﬁation 37 + 350. The virgin ésbhalt
cement added was increas;d‘from 2.4 percent, the design
value, to 2ﬂ8'percent based on 6bservations'of some uncoated
éggregate. The mix temperature was about 150°C.

'Numerbus minor hairling cracks, segregation spots and

. ¢ , :
uncoated aggregate porticles were observed on thﬁi test

>

section. "

Section 2 - R/V'= 25/75. This section began at station
37 + 350 and ended at station 36 + 920. The virgin asphalt
cement added was raised froﬁ 3.9 percent, the design value,
. to 4.1 percent again arbitrarily baséd'on visual
6bsérvation$.iThe mix temperatu:e was about 150°C. The

recycled mat looked much better than the R/V ratio of 50/50
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Design Summary For The Three Test Sections On The

" Southbound Travelling Lane Highway 2:20, Top Lift

R/ V 50/50 25/75 15/85
Virgin Asphalt % 2.3 3.9 4.3
Total Asphalt B . 5.4 5.4 5.2
Density kg/m? 2 389 2 391 2 392
Stability N 17 900 }6 400 15 000
Air Voids 3] 3.4 3.2 3.0

P
V. M, A. | ('“%‘) . 12.0 12.1 11.9
Retained Stability\¢<§/'?~ 79 80 78
(24 hr Soak)
) GRADATION
Siéve Size um Percent Passing
16 000 . 99. 100 100
110 000 82 87 82
5 000 57 63 58
1 250 35 40 37
630 28 31 30
315 21 20 22
160 16.0 15.6 16.1
80 14.2 14.0 13.7
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l

apd all aggregatés appeared.coated.'Howeve;;‘some
segregation spots were still noticeable.

Section 3 - R/V\= 15/85. This section began at station
36 + 920 and ended at station 36 + 250. The virgin asphalt
" cement added was 4.3 percent, which was the design value.
The mix temperature was about 150°C. The recycled mat looked
similar to the R/V ratio of 25/75. All aggregateS‘weré
. coated and only minor segregation spots were noticeable.

It was noticed that all three test sections were
compacted to 1owldensities, whiéh could be éttributed to
inadequéte'compactive effort for thebcool air temperatures
at the fime of paQing.

* .

7.6 Test Results

7.6.1 Field Laboratory Results .

~

The results given in this section are based on the

field laboraqory tests obtained during construction. Tables

7.12 and 7.20 summarize these test results. .

Table 7.12 shows the temperatures observed at.vari0u$
stages of,construction. The average drop Qn temperature
between discharge and placing, observed just behind the
paver, was 11°C. with a standard deviatibn,pf 7.9°C.

“Table 7.13 gives a summary of the cq;paction data. The
average compaction achievéd on th}s project was 93.0 percent

with a standard deviation of 3.0. Figure V;G shows a -

histogram and frequency distribution of these compaction
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data for the fecycled asphalt pavem~nt. According to
contract spegifiéétions the asphaltic mixture should have
been compacted to an averége density of at least 97.0
percent and a minimum density of 95.0 pércent at all
locations. The achievea average compaction is about 4.0
percenﬁ lower than the specified compaction. The primary ©¢
‘reason for the low density is iﬁsufficient compactive
effort, since acceptable values were obtained on some days.
Contributing factors may be the low air temperatures and
'high fines contept.which made the recycled mix difficﬁft to .
compact. The large variability of the cbmpactién~ré$ults can
be readily seen in Figure 7.6: The resuits are not normally
distributed, but seem to be very erratic.
@ 71 " Figure 7.7 shows a histogram and frequency distribution
of the compaction data for the conventional ACP used for the
surfacé course on the same préject. The average compaction
.is 93.2 percent with a-standard deviation of 1.6 percén}.
These results are not as variable as those of the recycled
pavement, however the éverage compaction is only 0.2 percent
higher and well below the specified compadtion.
Table 7.14 summarizes the asphalt con£ent |
’determlnatlons for the reclalmed asphalt concrete and
recycled mix for each productlon unit. The average asphalt

\

‘content for RAP was 6.2 percent, based on the reflux‘

extraction measured in the field. This is the same as
previousuCentral Laboratory test results on cores, although
.the construction summary in 1970 indicated an aveﬁageu -

S
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Tempe: - ture Variations For Recycled Asphalt Concrete

‘pProject 2:18, 2:20

Temperature Clo
DATE TIME UNIT 4 Dischérge Placing Breakdown |, Air
, Mix At On The
Plant ~Road

02-30-82 | 14:30 IR 144 132 120 11
15: 30 2R 139 129 120 11
| 16: 45 3R 139 130 118 13
04-10w82 14:05 4R 142 120 108 8
16:45 5R 162 .- 128 109 9
05-10-82 14:00 6R. 140 130 110 | 10
16:10 7R 142 135 120 10
06-10-82 | 15:30 | - 9Rr 146 130 116 10

07-10-82. | I5:00 11R 132 125 120

o 17:10° | 12r 146 125 118
08-10-82 12:30 13R 146 136 131 10/
13-10-82 16:00 19R 146 136 - 130 18
14-10-82 17:30 *| 22R 138 128 126 17
15-10-82 17:30 25R Y140 120 110 13
19-10-82 16:15 28R 134 115 112 4
20-10-82 17:00 30R 150° 120 108 3
©21-10-82 16: 30 34R 132 130 128 6
22-10-82 | 17:00 37R i30 120 115 5
23-10-82 15:00 . 39R 152 148 142 6
25-10-82 15:45 43R 135 - - 7
27-10-82. | 18:00 | 48R 154 148 140 4
28-10-82 13:50 49R 155 148 142 3

AN T T
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TABLE 7.12
continued
Temperature cl
DATE TIME UNIT ¢# )
Discharge Placing Breakdown Air
Mix At On The
~7| Plant Road
29-10-82 12:30 S1R 150 136 132 1
29-10-82 16:00 . 52R 146 140 138 8
30-10-82 fE:BO © 53R ’ 142 138 134 8
30-10-82 14:30 54R A 142 136 132 9
02-11-82 12:50 55R 152 150 144 1
02-11-82 15:30 56R 142 140 138 1
03-11-82 15:00 STR* 150 146 144 0
03-11-82 15:00 S8R* 150 142 140 1
03-11-82 15:50 S9R* 152 142 142 0
* Units 57R, 58R and 59R correspond to test sections on Southbound lane.
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Compaction Summary - Project 2:18, 2:20
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Formed Specimen (Marshall) Field Densities - Cores )
Unit # ‘| Density Air Unit & Thickness Density Air Compac-
kg/m’ Voids m kg/m’ Voids tion
% %

02-10~82 1R 2333 4.3 1R — 2235 8.5 95.8
1R — 2026 17.2 86.8
< 2R 2348 2R — 2296 4.5 97.5
3R 2302 4. 3R - 2153. 11.0 93.5
3R — 2124 12.3 92.3
04-10-82 4R 2354 2.4 4R — 2100 12,6 89.2
4R — 2095 13.2 89.0
5R 2330 5.1 5R - 2247 8.3 96.4
¢ SR _— 2197 9.5 94.3
05-10-82 | GR 2361 3.0 6R — 2143 11.7 | 90.8
6R — 2155 "11.7 91.3
R 2345 3.2 R - 2241 7.4 95.6
- TR - 2181 9.8 93.0
06-10-8: 9R 2368 2.2 9R — 2278 4.3 | 96.2
9R — 2045 15.1 86.4
07-10-82 | 12R 2370 3.1 12R 50 2189 10.6 92.4
12R 50 2211 9.8 '93.3
08-10-82 | 13R 2364 3.7 13R — 2227 9.0 | 94.6
B 13R - 2199 10.1 | 93.4
13-10-82 | 1SR 2382 2.8 19R 41 2223 9.0 93.6
19R 40 - 2135 12.7 89.6
14-10-82 | 22R 2347 3.9 22R 50 2072 15.8 88.3
"3-10-82 | 25R 2346 4.1 25R 55 2070 14.9 88.2
25R 50 2104 13.7 89.7
19-10-82 | 28R 2378 3.2 28R 40 2212 9.8 93.0
' 28R 45 2155 12.0 90.6
28R 45 2145 12.4 90.2
20R 50 2162 11.8 90.9




1L

7.13

Campaction Summary ~ Project 2:18, 2:20 - continued

1

[
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Formed Specimen (Marshall) Field Densities - Cores %
.Date \
Unit # |Density Air Unit # Thickness Density Air Compac-
kg/m’ Vaids mm kg/m’ Voids ticn
% %
20-10-82 30R 2383 - | 2.4 30R 45 2309 5.4 96.9
30R 35 2335 4.4 98.0
21-10-82 34R 2375 3.0 34R 55 2301 96.9
) 34R 55" 2318 97.3
22-10-82 37R 2380 3.5 3R 45 2302 96.7
3R 45 2362 .6 |.99.0
23-10-82 39R 2393 3.1 9R as 2182 10.4 91.2
9R 45 2279 95.2
39R 4s 2300 .5 96.1
25-10-82 43R 2383 4.2 43R 50 2163 11.3 90.8
43R 50 2267 11.5 95.1
43R 50 2284, 10.2 95.8
AY
43R 50 2165 11.5 | 90.8
27-10-82 48R 2381 5.8 48R 55 2298 9.8 9€.6
48R 55 2242 8.2 94.2
48R as 2120 12.7 | 89.4
26-10-82 49R 2386 2.5 497 50 2322 4.6 97.3
4°R 70 2178 10.6 91.3
49R 70 2189 10.2 91.7
29-10-82 S2R 2380 2.3 52R 50 - 2288 6.4 96.1
52R 50 2280 .0 95.7
52R 50 2323 .4 92.6




TABLE 7.13
Compaction Summary — Project 2:18, 2:20 - continued
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Formed Specimen (Marshall) Field Dersities — Cores %

Date '
unit # Density Air Unit # Thickness Density Ar Compac-
kg/m’ Voids mm kg/m’ Voids tion

% %
03-11-82 STR* 2379 3.2 57R 40 2214 9.3 93.1
’ 57R .40 2210 9.5 92.9
S7TR 45 2249 7.6 94.5
v, -

03»11-82 58R* 2388 2.9 5S8R 70 2153 11.7 90.2
58R 50 2150 11.9 90.0
58R 60 2171 11.0 90.0
03-11-82 S59R* 2380 2.9 S9R 70 2180 11.9 91.6
S9R 45 2167 12.5 91.1
59R 60 2179 11.9 91.6
Average 2365 3.4 ) 50 2205 9.8 93.0
S.D. 22 0.9 8 78 3.1 3.0

" No. 25 25 T 42 1 os9 ! s9 | 59

* Units 57R, 58R and 59R correspond to test sections on Southbound Lane




126

--- A 1847 " 6°S £°6 27T d6e
- 0L 6°9 | --- £°5 (A4 uLg
— -— 5'g -—- £ z°z upe
--- voL L9 —= €S (A4 ¥og
0°9 — 9'9 -— £°'s. A4 ¥8¢
-—= 8°9 169 -—- £°s 2z usz
--- €L s*9 - £°S z°z uze
- - $°9 -— £'s 'z 461
-—- 9'g €9 -—- £°6 z°2 UeT
— — ) L9 £°9 £ 't ¥zl
--- 1L v . 8°g £'s z'z 1T
-— --- S°L £°9 9'g N4 513
0°9 — ' 8's 9°g $°T aL
-—- —— 6'L — 9'¢ N4 49
-— -—- ~ 0°9 v 9°g Sz us
9'g --- 0°L 19 9°g 5'C dp
--- --- -—- -—- 9°¢ $'Z ue
- -—- T°C s 19 8°S Lz 3t
0°¢L —- 15 R p's 4 o1
"3x3 SBNITTRD | IxT AENFTRWED | *Ixg b TR
"IX3 XTI pI3031I00U( PIIDBII0OUN | | PIIDATIC)D YSY % %
D'V T®I0L PIPPN
$ D'V $ "0V + Pooadxg D'V uthata ITun
93315u0D ITeydsY pawTeTOY XTH paToiodny .

0z:Z ‘81:z 399fo1g -~ qusauo) 3Teydsy 3O UOTIRUTWIS}S] PTOTd
PT°L JTI9VL




127

*30°T Arsrrwrxoadde ST uoT3OoRIIX® AENITIZUSO I0J UOTIDAIICO Use sbeiane suL

‘pappe D'V UTBITA oy snyd (31°¢) USIUCO ITeydse pawrTedal 9§ Ul ST D'V Telod paadadx3

PT°L TIEYL

T 1 £2 %4 “oN
$'0 50 9°0 €°0 20 Z°0 ‘a's
z'9 0°L 9°'g 8°S V'S £z abexaay
-— % -— 6°9 ' 8°g €5 AR ¥uzs
— - v°9 L's €'s A4 s
— 'L £e z's £°s k4 ey
b9 -— 9°9 -— €S A4 ¥ey

i *3x3 3ba3TTIURD ‘%3 abnyTIryued ‘3x3 abnyTnued . g

Ix3 xn1Iay pa3sazcoun paDALICOUY | . PIIDILICD SV ‘3¢ TE0L oY
- g0 § v » P03 '\ uthaTA $ 3TUN

38I0u0) TRYdSY PIUTETORY XTW paroioay
panuTIUCO




128
\

"0z ‘81:z 309loag

*T38I0U0O 3Teydse poTdADal I0F P3Pp UOTIoRdWOd JO uOTINQTIZSTY Aousnboay pue ueibolsty

UOT3ORAND) JUSOIS]

00T. 66 86 L6 96 S6 V6 €6 <6 T6 06 68 88 (8 98

T°0r

uoTINLIASTQ buanbex4
SUDTIBAISSQO JO UOTII0dO]

20

97L Bmbtyg
2
mu |
e =
A
g 8
13
)]
m.
B



129

_ *0Z:7 ‘s1:z 309loag  asInoo _ :
.mommHsmmumnocoouamﬁmmuowmummvcoﬁomnw:oowo coﬁsﬁnumﬂc\mugw@zm%nmﬁmﬂmN..N..mHPmE

UOTIORAOD) JUSOIDY

00T 66 86 L6 96 S6 ¥6 €6 26 T6 06 68 ge L8 .98

L C | e ] 0

)
..»mw ‘m.,_”.o: mu

O I
B g 15 o
2 g g
7 g oo o
g )
&
g g 9¢ = "ON 10T ¢
m MM or W.M"M Een

2'e6 =X




/ 130

asphalt content of 6.6 percent.

Based on the 6.2 peréent reclaimed asphalt content and
a R/V fatio of 50/50, the plant controls were set for an |
addition of 2.2 percent virgin asphalt cement. The asphalt
content of the recycled mix, based on the ash corrected
centrifuge results averaged higher than the'optimum or
expected‘asphélt content.

Tables 7.15 to 7.17 present gradation results for the
virgin aggregate, RAP and recycled mixes reépectively.‘

Table 7.18 gives a comparison of average gradation
results for aggregate extracted from cores and cold-milled‘
RAP. It can ‘be seen that there has been a.significant
increase in the amounts passing each sieve size due to ch
cold milling operation. The amount passing the 5 000 um
sieve size increased by 13 percent, the 315 um size by 3
percent and the 80 um sieve size by .1.4 percent; It is
desirable that the laboratory mix designs be based on
gradation representative of the cold—ﬁilied material.

Table 7.19 gives a comparigon of the theoretical and

’ i .

actual gradation‘resuits'for}the recycled mix. The
theoretical gradation refers to the.caICUlat%d,value of 50
percent of virgin aggregate plus 50 percent of cold milled
reclaimed material._It can be seen that the amount of fines
" has increased by approximately 1 percent through the Drum
Mix plant.

Table 7.20 shows the prvduction data for the project.

Approximately 24 700 tonnes were reclaimed and 18 090 tonnes
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TABIE 7.17

Gradation of Aggregate Extracted by Centrifuge Extraction From Recycled Mix

-

Project 2:18, 2:20

Unit ) . Percent Passing
' 16 000 um 10 000 ym - . 5 000 pm 1 250 im 315 um 160 um 80 um
IR 100 87 62 38 25 20 15.8
= 99 85 61 0 24 18 14.1
4R 99 89 64 40 24 18 13.4
SR 99 87 . 62 38 , 23 17 12.3
6R 99 | 89 68 43 23 17 13.3
R 98 83 58 37 22 17 13.2
s 100 ‘88 65 42 25 18 13.1
11R 98 90 68 42 23 17 13.0
12R 100 88 65 a1 23 | 1 13.1
13R 99 . 86 65 41 24 19 - 13.9
19R | 98 86 " 64 40 25 20 15.8
22R 100 88 63 39 24 19 14.4.
25R 99 88 64 39 24 19 15.1
28R 100 86 64 a1 25 19 -14.3
30R 99 92 73 - 48 31 24 18.8
34R . 98 85 58 37 23 17 13.2
37R 99 8s 60 39 23 17 - 133
IR, 99 88 66 43 30 23 14.4
R L 99 87 . 63 39 23 17 12.9
48R 99 88 64 40 22 | 16 12.3
©R 98 81 s6 3% 21 15 11.2
SIR 98 83 62 .38 23 18 14.1
53R 99 88 ' 66 42 25 18 13.0
54R 98 83 62 40 23 17 12.1
57R 95 81 60 38 24 19 4.5
Average 99 86 63 40 24 18.2 13.8
s.D. 0.2 2.7 3.5 2.5 2.2 . 1.9 | 1.5
No. 25 25 B 25 25 25 25 25

O

NOTE: Recycle Mix Moisture Content were Constant at 0.1 to 0.2%



TABLE 7.18

Comparison of the Average Gradation Results of Reclaimed

Aggregate from CORES and fram COLD-MILLED Material

Project 2. .3, 2:20

Percent Passing
Sieve ‘
Size Reclaimed Aggregate Reclaimed Aggregaﬁe.
(CORES) (COLD-MILLED)
- ‘
/ Ave.J S.D. Ave. S.D.
16 000 96 1.3 99 0.7
10 000 77 3.6 88 2.8
5 000 53 3.5 66 4.0°
1 250 36 2.8 42 4.1
315 23 2.2 26 2.9
160 17.9 | 1.8 20.2 | 2.5°
80 4.3 | 1.5 15.7 | 2.1

134
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TABLE 7.19
Comparison of Theoretiéél and Actual Average Gradation
Results of Recycled Mix @ RV = 50/50

Project 2:18, 2:20

"~ Ave. Percent Passing J
Sieve ]
Size Recycled Mix | Recycled Mix
| @ RV = 50/50 |i@ RN = 50/50
pm PLANT* THEORETICAL* *
— 1
16 000 99 99
10 000 86 87
5 000 63 | 63
1 250 40 40
315 ' 24 23
160 - 18.2 . 17.1
80 - 13.8° 13.2

3

* Boeing 600 Drum Mix Plant.

- ** Calculated value of 50%:of virgin aggregate
gradation plus 50% of cold-milled reclaimed
gradation. - ‘
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TABIE 7.20

Production Data - Project 2:18, 2:20

Recycled

Recycled

Reclaimed
Date Asphalt Concrete Asphalt Concrete Asphalt Concrete
Tonne Tonne Km.

01-10-82 1 032.60 ——
02-10-82 761.50 647.45 1.630
04-10-82 971.45 796.65 1.990
05-10-82 1 200.70 880.00 2.450
06-10-82 1 160.15 614.05 1.550
07-10-82 1 290.30 863.85 . 1. 400
08-10-82 609. 80 1 138.05 2.850
12-10-82 1143.45 —_— T
13-10-82 1 381.60 - 896.60 2.350
14-10-82 2 643.70 347.75 0.960
15-10-82 1 182.75 523.50 1.260
19-10-82 755.80 624.85 1.500
20-10-82 719.75 599.55 1.900
21~10-82 643.90 602.95 1.400
22-10-82 495.80 391.85 1.150
23-10-82 734.70 562.70 1.25b
25-10-82 1 533.90 994.50 - 2.350
26-10-82 1 628.50 _— ————
27-10-82 1 849.05 584. 40 2.000
28-10-82 2 112.70 558.75 1.100
29-10-82 911.10° 1 757.65 1.870
30-10-82 — 2 015.8: L.C.*

| 02-11-82 — 1 416.95 L.C.*
03-11-82 1 272.20 1.850

s
Total 24 682.90** 18 090.05F 32.810 ¢

* L. C stands for Levelling Course.

** The total reclaimed asphalt concrete includes 9 149.0 tonnes of
reclaimed mater; ' from the overlay sections.

T The tobal recycled asphalt concrete includes the top lift laid
on Southbound travelling lane on Nov. 3rd and the levelling
ocourse gpplied on Oct. 30th and Nov. 2nd. .

¢t The total length of recycled asphalt concrete pavement includes
1.85 km of top lift on the Southbound travelling lane.

- TER
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of recycled mix were produced. In additiqen an unknown amount
of recycled mix was produced and used for the levelling
course occasionally. Almost 33 km of recycled mix was

placed, incloding the trial sections of surface course.

7.6.2 Central Laboratory Testing

| The following Tables present the test results obtained
at the Central Laboratory of Alberta Transportation Testing
Services in Edmonton.

| Tables 7.21 to 7.23 show the recovered asphalt
properties for the reclaimed, recycled and virgin asphalt
concrete for the project. The tests performed onwthe
recovered asphalt cement included absolute‘viscosity atyg
60°C, Kinematic viscosity at 135°C and penetration at 25°C.
The average values have been recalculated after excluding
some obv1ously invalid data reported by the Central
Laboratory on thelr summary. The comments made in Sectlon
6.7.2 regarding 1ncomp1ete removal of extraction solvent
also apply to these results.

Table 7.21 gives the recovered -asphalt properties of
the RAP. Comparing theee resuits with those reported on the
coreS‘iﬁ Table 7.5, the penetration_at 25°C is slightly
lower, however the absolute‘viscosity at 60°C is
51gn1f1cantly hlgher. |

Table 7 22 gives the recovered asphalt propert1es for
the recycled mix . The penetratlon at 25 C is lower and the

her than that based on

absolute viscosity at 60°C is

S




TABLE 7-21

Recovered Asphalt Proper{“.ies of Reclaimed Pavement
Project 2:18, 2:20

Tests on Recovered Asphalt

Unit Asphalt
C || Sty | S | I
. at 60°C at }35°c ,
Pa.S /S dmm
7R 6.1 123.8 317 131
11R 6.5 89.4 325 218
22R 7.2 20. 4* 158* 325+
25R 7.2 177.0 394 108
28R 6.5 30.2* 187* | 305+
30R 6.9 12. 7% 126* 320+
- 37R 6.7 50.8 245 230
39R 7.3 89.8 323 143
43R 6.6 12.0*% 143* 300+
49R 7.0 39.2% 219* 295+
Average 6.8 106.2 321 166
S.D. 0.4 42.3 47" 55
No. 10 5 5 5

* Data excluded from average

138



TABLE 7.22

Recovered Asphalt Properties of Recycled Mix

Project 2:18, 2:20

139

Tests on Recovered Asphalt
Unit Asphalt
’ Absolute Kinematic Penetration
# Content Visoosity Viscosity
At 60°C " At 135°C at 25°%
" Pa.S mm?/S drm
7R 6.0 1101.4 303 © 140
11R 5.5 14.6* 144* too soft
22R 5.5 40. 7+ 216* 248%
25R 5.5 6.0% 139* too soft
28R 5.4 74.4 303 177
30R 6.4 100.8 315 140
37R 6.3 193.3 420 90
39R . 6.7 38.9* 229* 267%
43R 5.7 93.2 316 147
49R 5.6 16.1 157* too soft
Average 5.9 112.6 331 139
S.D. 0.5 41.5 45 28
No. 10 5 . 5 5

* Data excluded from average

ra



TABLE 7.23

Recovered Asphalt Properties of Virgin Asphalt Concrete

Project 2:18, 2:20

Tests on Recovered Asphalt

Core Asphalt :
" Ak.>solut.:e Klnematm Penetration
Content Viscosity Viscosity

At 600C - At 135°C At 250C

% Pa.S m /S drmm

1 4.9 ' 34.8% 210* 235+

5.3 268.3 447 74

7 5.0 459-5 559 53

10 5.4 399.9 537 58

13 5.2 348.9 513 63

16 5.5 79.4 273 219

19 5.1 115.8 389 141

22 5.3 57.1 293 263

25 5.3 46.2% 260* 270+ \

28 5.2 26.5 178* 260+ |
Average .2 239.7 430 124
5.D. 0.2 161.4 107 86 \\\
No. 10 7 7 7 .}

* Data excluded fram average
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asphalt recovered from core samples and blended with a
virgin 150-200 A asphalt cement. ygjnce a 120-150 A asphalt
cement was used in the field, these results are close to
those predicted by Figures 7.4 and 7.5. The recovered
asphalt could be considered as a 120-150 A grade material.

Table 7.23 shows the recovered asphalt properties from
the virgin mixes used on the top lift on the project. The
average results indj e the recovered asphalt to be close
to a 120-150 A gradel the same as was supplied. The
penetration is within the acceptable range, however the
absolute viigosity at 60°C is very high and just outside the
specified limits. The fact that much of the data has been
exCIUAed from these averages, and many results indicate the
recovered material to be softer than what should have been
supplied, leaves this data to be questionable.

r}f the results for core No.'s 4,7,10 and 13 were
consi&%fed to be reasonable, the.averaggvpenetration at 25°C
was 62 and absolute viscosity at 60°C was 369; Based on
average original supply values of 131 and 94.5,
respectively, the retained penetration was 47 percent and
the ratio for viscosity at 60°C was 3.9. Compafable results
‘on residues from the TFOT were 51 percent and 2.3. Previous
experience would indicate ﬁhat there is an excessive amoﬁnt
of hardening dufing the mixing pfocess (34), in that this
was even greater than that occﬁrring in the fFOT.

The variability in asphalt content of the various mixes

can also be seen from Tables 7.21 to 7.23. The standafd
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deviation for the recycled mix was 0.5 percent and 0.2
vpercent for the virgin mix. This larger standard geviation
for the recycled mix 1is probably due to the variability of
the RAP wﬁich had a standard deviation of 0.4 percent.

~Tables 7.24 to 7.26 present the gradation of the virgin
aggregate, reclaimed and'}ecycled mixes respectively, as |
reported by the Central Laboratory. Increased variability in
the aggregate gradation,K of the recycled mixes'cdmpared'to
virgin mixes is evident.
.7.7.Ceneral Observations and Conclusions

Recycling project 2:18, 2:20 was the second recycling
project in Alberta. This project was not very successful
from a construction standpoint. Low compaction, resulting in
early ravelling, and excessive stdack emissions were the
major problems involved in this project.

Many agencies 'in the U.S.A. have adopted regulations
allowing én emission rate of particulate matter not greater

‘than 0.04 grains per dry'standard cubic foot, and less than

20 percent equivalent opacity (55);-Particuléte and opacity
requirements specified by Alberta Ehvironmen£ for asphaltl
plgnts are generally a maximqm of. 0.2 kg particulate matter
per 1000 kg of stack gases, and maximum visual emission not
to'exceéd an\opacity of 40 percent over a period of six
consecutive minutes. | |

Since the recycled paVementgsUrface is ‘covered with an
asphalt concrete overlay, surféce evaluation will be

) _ N

3
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LY \

difficult. However, the three test sections on the

southbound travelling lane with a recycled asphalt concrete

surface could give an indication of recYcled pavement

performance in the future.

The observations made during the course of the project,‘

and the conclusions drawn are listed as follows:

9.

The cold milling.operation, using the CMI Roto-Mills,
was successful in partial removal of the aspﬂglt
concrete.

The percentage passing all Sieve sizes has been
inéfe;sr? due tc¢ the cold milling operation compared to
cores. ‘'he percent increase in passing the 80 um sieve

was 1-2 pefcent.

'The amount of fines has increased by approximately 1

percent for each sieve size as the material passed
through the Drum Mix plant.

By using a proper temperature cp&trol device, the
desired mix temperature can be obtained with recycled
mixes.

The stack emissions were extremely dark due to not using
a Pyrocone. Although no tests were conducted, visual
observations indicated that normal environmental
regulations were not met.

Compaction achieved for the recycled asphalt pavément on
this project average 93.0 percent with a standard
deviation of 3.0 percent, which is 4.6 percent below the

specified minimum. Results for the conventional ACP
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surface course averaged 93.2 percent but with
significantly less variability.

It appears that the variability in aggregate gradation
and ésphalt content for recycled mixtures is larger than
for virgin‘mixtures. This increase in variability
suggests that recycled asphalt concrete construction
projects be continuously monitored so that mix
adjustments can be made as needed.

Placing and compacting of recycled mixes can be
accomplished using the same equipment and procedures
used in conventional ACP, providéd adequéte care and

effort is used.



8. ECONOMICS OF RECYCLING

8.1 General

One of the primary reasons to recycle 'is economic.
Recycling offers many potential bénefits. Three of the major
ones are energy savings, cost reduction or savings and the
conservation of natural resources. #

Selection of the most appropriate fehabilitati&n‘or
maintenance alternati&e for a particular project is largely
dependent upon cosf and energy.consumption. The primary
advantages of recycling are saving in the reuse. of asphalt
cement already paid for, but the savings'in aggregate 1is
also very significant. High quality aggregates‘in'surface
courses in maior highways can be saivaged and feused. These
advantages have always. existed, but prior to the development
of new tecﬁnology and equipment, could not be exploited in gff

practical sense.

8.2 Energy -

‘Energy consumption may become a primary factor in
determining which rehaLilitation method is to bevused on
existing pavements. Recycling can conserve substantial
amounts of energy on ménybprojects wheﬁ compared to
conventional rehabilitationxmethods. '

In detefmining‘enefg& savings, many factors must be

considered in each project including the following (36,37):

1. Amount of virgin aggregate’ required,

148
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2. Virgin aggregate‘haul dlstance,

3. Amount of new as;halt cement required,

4§f?%§phalt cement haul distance, ‘ o~
éévement removal method,

Pavement crushing method,

Haﬁl distance from pfoject to crushing and mixing plant,
Type of mixing plant,

Moisture content of reclaimed material and virgin

aggregate.’

When eVaIﬁéting the energy input on bituminous

/ construct1on, transportatlon and construction energy are two

|

/ categorles of major interest. These categories con51st of
the fuel used in hauling mater1als, and. in operation of
equ1pment used 1nnproce551ng materlals and manufacturing -the
flnlshed;product. In con51der1ng recycllng and alternatlve
‘pfpcedures, the difference in energy used in these
categories will likely be one of the major considerations in
determininé relative.ébsts. Coﬁservation in these categories

has a direct bearing.on reducing costs of highway

construction. ' : v

8 3 Cost
On many pro;ects, totaljcoét'is fhe priﬁary
consideration in\determ}ning the type of rehabilitation
' pr9cedﬁfe'to ﬁse; For recycling to.be selected, it musf
usually be the least expensivé‘of the-alternative ﬁethods. A

di:ect*way of looking at savings is to asse:s the.
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differences between the estimated cost for the alternative
design which was hot buiit and the actual contract cost for
the recycllng design. However, this is quite a difficult
process and many different items are requ1red to be
considered. -

Various recyeling techniques can be used to reduce
costs in rehab{litating pavements.éfor each project, the
reduction in cost depenas-onlthe peevailing conditions.

There afe many economic advantaées to hof mii‘
reeycling. The\asphalt cement binder and aggregates which
are reused in recycled hot mlxes do not have to be paid for
again. There 1s. ﬁbwever a CQ%S att@g@@d to reclaiming and
sizing the old pavement for reuse. Furih@ﬁﬁote, there 15 the
cost cf hau11ng the reclalmed materlal for Hhe roadway to
the plaht site (38). However, in the case of haulage, it is
often possible %nd’practical to executewéhis as a back haul
precessf that is, the recycled mix }s ﬁaﬁled out to the road
from theeplant site and thetreclaimed materials are hauled-
back Eo.the'plant site on the returnvjeurney.

" The saving in zsphalt cement and aggregate tonnage
_through hot mix recycling, .depends on the fatio of the.
reclaimed to virgin materials used. The higher the ratio’ of
reclaimed material used, the greater the saving in asphalt

-

cement and aggregates.
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8.4 Cost Analysis of Alberta Recycling Projects

"

In this study, tyo recycling projects in Alberta are
chosen for cost analysis..

Unit prices and material ¢os£s~are obtained from
estimate sheets Lsed in a cost comparison prepared by
Alberta Transportation personnel. A cost analysis for the
projects based on initial construction costs is pfeéented in

the following sections.

8.4.1 Recycling Project No.1 Highway 2:26, 2:28

.~ For the cost analysis of'this;gfoje¢t, two types of
cost comparisons are made .- The first'compares the unit cost
per tonne of recycled asphalt paQement to conventional

asphalt pavement used for the surface and/of levelling

course(s). The other cohpares the cost per kilometre of ~
recycled pavement to that of“levelling éourse.

Géneral Information:

Totél length of recycled pavement= 18.76 km

Total reclaimed asphalt concéeté= 7344.15 tonnes

™tal reéycled.asphalt concrete= 7000.79 tonnes

Vifgin asphalt contentsused=' 0.7 percent | o
Reclaimed pavement asphalt contéht= 6.0 percent M
Recycling ratio R/V= _f . 75/25 | ;;* )
Unit Prices: ’;;2?3?'“

| Reclaiming éxisting pavement .~ $6.96/tonne L2 Do
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Recycled asphalt concrete $6.57/tonne
Conventional asphalt concrete $5.43/tonne
Basic loading factor (B.L.F.) $0.752/tonne
Haul | i // $0.155/£onne—km

Material Costs:

Asphalt cement (120-150 A) $250.00/tonne
Aggregaté $2.65/tonne
Sand $0.392/m?

For ease of calculations, the distance to the mid—point of

projecg was chosen for haul. This distance was 11.596 km.
) \ .

Comparison 1: Cost per tonne of rec&cled asphalt pavement

. |
versus conventional asphalt pavement for surface and/or

levelling course(s). ' ' ~

Cost of 1 tonne of recycl=7 asphalt pavement:'

Reclaiming existing pavement 1x6.96= - $6.96
B.L.F., - 1x0.7§2= $0.75
Haul o 1x11.596x0.115= §1.33
Recycled‘asphait concrete 1x6:57= C - $6.57
B.L.F. ‘ © 1%0.752= $0.75
Haul ) v1x11.596x0.115= $1.33
.Asphalt Cem#nt -0.7/100.7x250= $1.74

Virgin Ag%;egate 25 7100x2.65= $0.66

Total cost of 1 tonne of
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recycled asphalt pavement= $20.09
o
(b) Cost per tonne of conventional ACP for surface course.
Conventional asphalt concrete 1x5;430= $5.43
B.L.F. | _ 1x0.752= $0.75
Haul T 1%11.596x0.115= §1.33
Asphalt cement (5.6%) . 5.6/105.6x2505% §13.25
Aggregate (cost of splitting 4
and 10% sand included) 1x3.394= $3.39
Total cost of 1 tonne of conventional ACP= $24.15

(Ssurface course)

(c) Cost per tonne of conventional ACP for levelling course:

Conventional aSphalt"ccgcrete 1x5.430= $5.43
B.L.F. | 1x0.752= $0.75
Haul : 1x11.596x0.115= §$1.

Asphalt Cement (6.3%) 6.3/106.3x250= $14.75

Aggregate o 1x2.65= $2.65

Total cost of 1 tonne of conventional ACP= $24.92

(Levelling course)
In ccmparing these three total~costs'clearly,‘the cost
per tonne of recycled asphalt'pavement is the least

expensive. There is a sav1ng og $4 06 per tonne compared to
o 3‘4"‘
asphalt concrete surface cours%¢ and a saving of $4.83 per

“hﬁ'\
tonne compared to asphalt concrete levelllng course. Figure

8.1 shows the graphical comparlson of these costs. As could
- R
“be expected the new asphalt cement is a major camponent of

?)ye
k-«b -
; "\'\‘; R v
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The salvage value of the 25% remaining material is not included.

Figure 8.1 Cost comparison of 1 tonne of recycled asphalt concrete pavement

and 1 tonne of conventional asphalt concrete pavement.
2:26, 2:28. |

&

Project

e
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the conventional ACP cost.
Comparison 2: Cost per km of recycled asphalt pavement

versus asphalt concrete levelling course, for one-lane

width.

(a) Cost per km of recycled asphalt pavement:

Recycled pavement thickneés = 40 mm |

Recycled pavement width = 3.66 m

Average density of recycled pavement = 2 253 kg/m?

Total weight of recycled pavement for 1 km = 330 tonne
(approx.) |

Total cost‘of 1 tonne of recycled asphalt pavemeht=$20.09

Total cost of 1 km of recycled asphalt pavementA

= 330 x 20.09 = $6 630

(b) Cost per km of asphalt concrete-levellihg course:
Average lexelling course thickness = 20 mm
Levelling course width = 6.60 m (including outside shoulder) .

Average levelling course density = 2 204 kg/m3

Total weight of levelling course for 1 km = 290 tonne

(approx.)

Total cost of 1 tonne of levelling course $24.92
Total cost of 1 km of asphalt concrete levelling course

= 290 x 24.92 = $7 230

" These estimates shcew that the cost for 1 km of 40 mm of

. ‘pzecycled pavement is less than the cost for 20 mm of
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levelling course applied.to the one-lane plue outside
shoulder. Actual costs are dependent on thicknessesnand
widths used, however these estimates enable a comparison to .
be made for the two rehabilitation alternatives used on this
project. \ .

The salvage value of reclaimed asphalt pavement
materials is equallto_the value of the asphalt and aggregate
less the costs to remove and haul thesé materials and any |
costs necessary to prepare them for the recycling process
(39).

It should be noted that 25 percent of RAP which ]
totalled approximately 1 B40 tonnes was stockpiled and not
used for this project. Bherefore approximately'104 tonnes of
asphalt cement, and 1 736 tonnes of aggregate remained in
the stockpile. This may have an estimated value of $30 600,
based on unit costs for asphalt cement and virgin aggregate.
In a sense this value should be deducted from the project
total cost, hence, reducing the total cost of recycling.
Having deducted this value, the total cost of 1 tonne of
recycled pavement reduces from $20.09 to $15.72,
approx1mately 65 percent of conventlonal ACP. SlMliarly,,the
total cost of km of recycled pavement reduces from $6 630
to $5-090.

In this»project, a total of approximately 4 990 tonnes
of aggregate and 300 tonnes of asphalt.cement have been

conserved by recycling.
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8.4.2 Recycling Project No.2 Highway‘2:18, 2:20

For the cost analysis of this broject, a comparison of

cost per tonne of recycled asphaltﬁpavement to conventional

asphalt pavement is made. Comparisons of the cost per

‘kilometre have not been made due to incomplete information

regarding the levelling course.

General Information:

\ \

‘Total length of recycled pavement=
Total reclaimed asphalt concrete=

Total recycled asphalt concretes=

Virgin asphalt content used=

Reclaimed pavement asphalt content=

Recycling ratio R/V=

Unit Prices:

4

Reclaiming existing pavement=

Recycled asphalt concrete=

Conventional asphalt concrete=

Basic loading factor (B.

_Hadl=

Material Costs:

Asphalt cement=

Aggregate=

L.F.)=
)

\

32.810 km-

24 682.90 fonnes 
18 090.05 tonnes
2.3‘percent

6.2 percent
50/50

3'00/t0nne
$9.63/tonne
$9.34/tonne
$0.73/tonne ' ?ﬁ”u“.

$0.11/tonne-km

$246.59/tonne

"$1.69/tonne
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For the ease of calculations, the distance to mid-point of
project, which was 3.210 km, was chosen for haul
‘eterminations. The virgin aggregate was hauled a distance
of 53.05 km from the Crossfield Pit to the plant site.

5

(a) Cost per tonne of recycled asphalt pavement:

Reclaiming existing pavement 1x3.00=‘ $3.00
B.L.F. 1%0.730= $0.73
Haul 1x3.210x0.11=  $0.35
Aggregate (50%) o~ 0.5x1.69=4 $0.85
B.L.F. : , 0.5x0.73= '$0.37
Haul A 0.5x53.05x0.11= $2.92
Recycled asphalt concrete’ . 1x9.65= | $9.65
B.L.F. - . 1%0.73 #0.73
 Haul : . 1%3.210%0.11= $0.35

Asphalt cement (120-150 &)  2.3/102.3x246.59=
i $5.54

Total cost of 1 tonne

of recycled asphalt pavements= A $24.49

-

b) Cost per tonne of conventional ACP for surface course:

Aggregate 1x1.69= $1.69
B.L.F. | 1%0.73= $0.73
Haul I 1x53.047x0.11=  $5.84

Conventional asphalt concfete 1x9.34= - : ;9[34
B.L.F. 1x0.73 $0.73

EA N
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Haul | 1%x3.210x0.11=  $0.35
Asphalt cement (120-150 A) 5.6/105.6%246.59=

| $13.08
Total cost of 1 tonne of conventional ACP= $32.76

L

By comparing these two costs it can be seen thatﬁthe cost of
1 tonne of recycled asphalt pavement is less expensive than
that of coanntional ACP. There is a saving of $7.27 per
tonne using recycling. Figure 8.2 shows the graphical :
comparison of costs. |

It should be noted that.only 50 percent of the
reqlaimed materials used in the’recyciing\broject, and an
amount of approximately 9 045 tonnes left in“the stockpile
or used for other purposes. Therefore approximately
528 tonnes of agphalt cement, and 8 517 tonnes of :aggregate
remained, ‘which may have an estimated value of $144 590.
This value may be deducted ffom the récycling'project total
cost. Having done that,ithe total éoSt,of 1 tonne of
recycled aEphalt pavement reduces from $24.49 to $16.50,
approximately 52 percent of conVentional ACP.

In”this p:ojecﬁ, a total of appréximately 8 582 ﬁonnes

of aggregate and 520 tonnes of asphalt cement hawve been

conserved by recycling. 3&$??
: AN,
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9. CONCLUSIONS AND RECOMMENDATIONS
.\ |
9.1 Conclusiohs
The parpose of this research.was to investigate the
application of asphalt concrete recycling and to propose
improved design and construction techniques and
recommendations. The flndlngs of =h.s ztudy 1nd1cates that
pavement recycling can be.the most uealrable and cost
effective pavement rehabllltatlon alternative.
The two Alberta recycling projects conducted ig 1982
confirm that pavement recycling is a viable constructien
+ procedure requiring proper care and effort in deSign and
construction. Evidence indicate that the future in reéycling.
. N
will yield treméndous savings inienergy and natural
resources, without>sacrificing'quality in pavement strength
or design.

\The following conclusions are drawn.from the results of

3ﬁb;n: ory and field constructlon data, v1sual observations

3 g the course 32 constructlon of the two recycllng

projects; and the review of the existing literature.

1. éartial‘width and depth removal of asphalt‘concfete
pavements can be aecomplished with cold milling |

- eéuipment ope%atingeen divided highways carrying large

volumes of tFaffié. o ‘ |

2. The reclaimed QSpﬁalt concrete material (RAP) can be
-used without fﬁfther crushing, provided that it is

r

‘properly handled and steckpiled. Conveyor_belts may not

i

161
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[N
i

be used in stockpiling the RAP, however, screens to
prevent oversize particles-from beiug introduced into
the drum mix<§lant'are'necessary.

Cold milling results, in cegradation of the reclaimed
aggregate. Comparing ext\racled ]aggre‘gate gradations o\f:
RAP with core samples shows an increase in amounts
passing all‘sieve sizes. Average increases on the -

5 000 um sieve were 13 percent, on the 315 um size 3 to

6 percent and passing the 80 um sieve approximately 1 to

2 bercent.

‘Preliminary laboratory mix designs ‘based on cores are

v

posslble, however it is desirable‘thag,actual'aggregate
gradations of the RAP be available for use in designs. -

Increased variability in aggregate gradation of recycled

mixes compared to conventional mixes is evident. This is

basically due to the nonuniformity of the reclaimed

materials.
Average compaction results for the two recycled asphalt

v
pavement projects d1d not meet the requ1red

;o
spedifications. However, individual results showed that
the spec1f1ed density requ1rement 'could be met, if

adequate compactlve effort is used. Compactlon results
for the convent;onal ACP surface course were similar to
the recycled mixes for botﬁ projects. Hence with proper
compaction eduipment and»adequate effort the specified

dens1ty for recycled pavement can be achieved.

The variability in compactlon results is greater for the

3
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' . . i

recycled asphalt pavements compared to conventional ACP,

.oa both projects. This is particularly evident for the

recycled asphalt pavement on the second project.
Operating Boeing-type Drum Mix élants without a
Pyrocone,‘or somq other direct heat protective device/
at R/V ratios as 1ow as 50/50 produces excessive stack
emissions that would not meet normal env1ronmental

regulatlons.

Comparative average costs per tonne in place show that -

- recycled asphalt pavement is 18 to .24 percent less than

conventicnal ACP, depending on the recycling ratio and

w

many other factors particular to ‘each project. If -

“salvage values ‘are assigned to the RAP not used for

recycling on these,projects; further savings can be

. shown. .

Copparative estimated costs per kilometer on the first

pros

jone lane 1n w1dth is less expen51ve than 20 mm of

t

how that 40 mm of recycled asphalt pavement

levelling course applled to _one lane plus the outs1de

| @

Approxlmately 13 5&0 tonnes of aggregate and 820 tonnes
of asphalt cement have been conserved by recycling on

these two projects. ~
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9.2 Recommendations , .

Recommendatlons arising from this 1nvest1gat1on, based

on ex1st1ng llterature and experience galned from the two

Alberta recycling pro;ects, are llsted as follows-

1.

.with the process. The mbx1ng process requ1res cont1nous

;flame.

Recycllng prOJects should not be . de51gned for R/V rat1bs

in excess of 75/25 - a : . Ty,
Prellmlnary mix de51gns hased on cores should be
ad]usted as soon ns p0551ble when recla1med materlals

become avallable. It 1s desxrable thatgthe actual RAP be

used for the ]ob mix de51gn.

Tighter controls ‘are neededuln the fleld on recycled

mixtures to overcome'the inherent varlabllrty assoc1ated

., o
L . i3 *‘»ﬁﬁ

1nspect10n and attentlon “to 1mprove unlformlty and

guality. S 'ng*" : : ,fﬁ ’w; s f',gw;ﬁhp"“‘.

-~

The cold-milled surface should be dry and properly swept v Q«Q

ol
Yt
& - ’ - o : P 2

tack coat. ' B . _ A S S

free of any loose materlal prlor to appllcatlon of the

'If there 1s an excess” a%ount of flne materlals in thefq

virgin or reclaimed aggregate, dumplng of the fine
cutt1ngs in front of the cold miller by the moblle

sweeper should be av01ded However, the cold m1lledf

-

surface should be properly swept _ ’
The plant should be equ1pped w1th a spec1ally d 51gned : ;

Pyrocone or some other dev1ce to protect the reclalmed
| \ 's. Q o

asphalt cgncrete from dlrect contact ‘with the burner

9 4 ~
T - LY
. ; ' v g
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7. Stack emissions should be monitored geriodically during
recycling operations,in“order,that plant operating
parameters be developed which would assist inJmeeting

env1ronmental requ1rements.
8. In any recycllng pro;ect the mix temperature should be
‘carefullylcgntrolled by using a proper temperature
’ controlﬁdevice, otherwise large flucQUations in mix

,L
!

temperatures can be expected

9. ‘Due to the rap1d loss of ‘heat of recycled materlal the

b

f?_"rollers should follow the paver as closely as p0551hle.»

-10. Pneumatlc tire rollers should be used on recyck;ng

' B 'v’

pro;ects, partlcularly when partlal w1dth removal is

done. Thls helps to increase the compactlon in the

S
P e Y

v1c1n1ty of the jo1nt llne of the ex1st1ng pavement and

. ."’",

‘the newly. placed mix., & i N "
-: .y, al” - ‘?n
11. Recycllng projects are best done dur1ng the warm "éyﬁ
- seasons,~s1nce the cold m1lllng operatlon 1s§faster and

5y

¥y
3

J,pav1ng in warm weather is more de51rable.vt
;12;nPerlod1c evaluatlons of performance of. the éecycled

pavement should”be-undertaken.

%

=

[
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