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ABSTRACT

USE OF RECLAIMED ASFPHALT FAVEMENT (RAF)

AS A BITUMINOUS EBASE COURSE

CURUK, M.Kiursat
M.S5c.in Civil Engineering

Supervisor : Frof.Dr. Riisti YOCE

The main objective of this study is to provide the
reuse of the material (RAF) which is scarified from the
wearing course of KG6GM test road section between Ankara and

Eskisehir as a part of bituminous base course material.

Marshall Stability is taken as a criteria in
determining the optimum rate of RAF material which will

provide the most economical reuse.

In the Ffirst part of the study, the general
information is given about recycling, recycling processes

and the mix design of recycled materials.

In the second part, a sequence of Marshall Gtability
test is performed on the specimens prepared according to
the hot-mix recycling process at different composition of

old and new material with different asphalt contents.
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As a result, the rates of RAF and new materials, and
asphalt content which will provide the most economical

reuse of RAP are given.

Fey Words: Recycling, REAF, RAM, Marshall Stability,

Hot-mix

Science Code: 424 04 01
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DZET
DONOSTOROLMOS ASFALT KARISIMLARIN (RAF)
BI1TOMLO TEMEL TABAKASI DOLARAK KULLANILMASI
CUEUK, M.Klarsat
Yiksek Lisans Tezi, Ins. Mah. Bolumi
Tez Yoneticisi : Prof. Dr. Rigti YOCE

Eylil 1990, 68 sayfa

Bu calismanin amaci, Ankara-Eskisehir karayolunun
otuzuncu kilometresinde, asinma tabakasindan sikiilmis
malzemenin (RAF), bitimld temel malzemesinin bir kisma

olarak tekrar kullaniminin arastirilmasidir.

RAF malzemesinin en yiksek ekonomik verimi saglayacak
aoptimum oraninin saptanmasinda Marshall Stabilitesi kriter

olarak alinmistar.

Calismanin ilk kisminda, déniisim, dontdsim islemleri
ve dinlstiiriilmiis malzemenin karisim dizayni: hakkinda

genel bilgiler verilmistir.

Ikinci kisimda ise eski ve yeni malzemelerin degisik
oranlarda sicak karisim yintemi ile karaistirilmasi ile
elde edilen numuneler ilizerinde, farkla asfalt yuizdeleri
icin bir dizi Marshall Stabilite deneyi

gerceklestirilmistir.
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Sonuc olarak, RAF malzemesinin en ekonomik
kullanimini saflayacak olan yiizdesi ile yeni aggrega ve

asfalt oranlar: saptanmistir.

P —
Anahtar Kelimeler: Déniisim, Marshall Stabilite, Eski

malzeme, Yeni malzeme, Sicak Karisim

Bilim Kodu: 624 04 01
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CHAPTER 1

INTRODUCTION

1.1. General

Recycling is the reuse of material which has already
served its first-intended purpose. Material removed from
the surface of pavements as part of a maintenance program
offers a source of cheap bitumen and aggregate since it is

usually dumped or sold as fill material.

The need to reuse of recycled existing pavement
materials for the reconstruction and rehabilitation of
asphalt and Portland cement concrete pavements is of
increasing importance. Recycling can help both to optimize
the use of available materials and energy supplies, and to
decrease the cost of maintaining our highways, roads, and

streets.

In the U.S.A the Federal Highway Administration(FHWA)
estimates the pavement industry generated $105.5 million
in savings using recycled materials in 1985. And FHWA
reports that 34 states have accepted some form of asphalt
recycling in their specifications.(l) Other major benefits
of recycling are conservation of aggregates, binders, and
energy, as well as preservation of the environment and
existing highway geometric. .

T. C.
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Recycling is not a new process. As early as 19215,
asphalt paving surfaces had been recycled. However, the
quantity of pavement materials recycled from 1215 to 1973
is small compared to the amount of recycling that has been
taken place and is expected to occur between 1975 and

1990.

In the . past ten years there  has been increasing
emphasis on the need to reduce pavement rehabilitation
costs and to conserve energy. Because of these twin
emphases, many authorities have reexamined and recognized
the importance of recycling techniques. Recycling can
reduce not only cost and energy savings, but also the

demand for asphalt during supply interruptions. (1)
1.2. Field of Investigations

This study covers the stages recycling processes and
investigates the behavior of recycled material by means of

some conventional material testings.



CHAPTER 2

GENERAL INFORMATION ABOUT RECYCLING AND RECYCLING

PROCESS, LABORATORY AND DESIGN PROCEDURE

Pavement recycling operations can be applied on two
types of pavement materials which are asphaltic and

Portland cement concrete pavements.

It is possible to categorize the recycling operations
further according to the particular procedure used as

il}ns;pgted in Figgre 2.1.

SURFACE
RECYCL.ING
IN~FLACE
ASFHALT PAVEMENT
RECYCL.ING - COLD-MIX CENTRAL
RECYCLING FLANT
TRAVEL.
PLANTS
FAVEMENT CENTRAL
RECYCLING : FLANT
: HOT-MIX
RECYCLING
TRAVEL
PLANTS
FORTLAND CEMENT

CUNCERETE RECYCLING

Figure 2.1. Recycling aperation chart




2.1. Basic Knowledge About Each Main Type of Recycling

2.1.1. Asphalt pavement recycling

The reuse of an existing asphalt pavement is possible
by employing one of three recycling procedures: Surface

recycling, cold—-mix recycling, or hot-mix recycling.

2.1.1.1. Surface recycling

The reworking in-place of the surface of an asphalt
pavement to a depth of less than about two inches by the
use of any suitable machinery available. This operation is
a single- or multi-step process that may involve the wuse
of added materials, including aggregate, modifiers, or

asphalt mixtures.
2.1.1.2. Cold~mix asphalt pavement recycling

The reuse of untreated base materials and/or asphalt
concrete pavement that is either processed in-place or at
a central plant with the addition of asphalt emulsions,
cutbacks, portland cement, lime and/or other materials as
reduired to achieve the desired mix quality, followed by

placement and compaction.
2.1.1.3. Hot—mix asphalt pavement recycling

The removal of more than the top one inches of an
asphalt pavement with or without removal of underlying

pavement layers (e.g.,untreated base materials) that is



processed by sizing, heating, and mixing in &a central
plant with additional components such as aggregate,
bitumen, or recycling agents and th@n relied and compacted
according to standard specification for conventional hot

mixtures such as asphalt concrete base, binder, and
asphalt concrete leveling or surface course.

2.1.1.4. Portland cement concrete pavement recycling

The reuse of existing Portland cement concrete
pavement by processing it into aggregate and sand sizes
and then using it in-place or in some instances, with
additions of conventional aggregate and sand into a new

portland cement or asphalt concrete mixture or used as

aggregate for a stabilized or unstabilized base.

Additional definition asgociated with asphalt
pavement recycling are given in sections 2.1.1.5. and

2.1.1.6.
2.1.1.5. Asphalt modifier

A generic term describing any compound or material
that is used as an admixture to alter or improve the
properties of the asphalt binder in the recycled asphalt
mixture included are asphalt cements, cutback asphalt,

emulsified asphalt, and recycling agents. (2)

2.1.1.6. Asphalt recycling agent



A petroleum product additive with a combination of
chemical and physical properties designed to restore aged
asphalt to desired specification. The recycling agent
should conform to the specifications contained in ASTM D
4552, 'standard practices for classifying hot-mix
recycling agents '. (2)

2.2. Asphalt Pavement Recycling Processes

2.2.1. Surface recycling

Asphalt pavement surface recyciing is limited to less
than about two inches. Surface recycling is only suitable
for correcting surface non-structural surface distress,
not due to pavement structure are subgrade deficiencies,
such as minor raveling, nonload associated cracking, minor
corrugations, minor flushing or bleeding, poor

construction practices, and poor drainage profile.

A wide variety of pavement surface removal equipment
has Dbeen developed and several innovative techniques c¢an
be categorized into cold-planers, heater-planers, cold
millers, and heaters—scarifiers. The first three types of
equipment are generally used for pavemeht removal only and
therefore are not technically part of a surface recycling
process, though the removed material can be recycled in a

separate operations. (2)

The most common surface recycling process is heater

scarifying, which involves the heating and scarification



of an asphalt pavement surface. The operation may include
the addition of asphalt or other modifier scarification is
usually limited to a depth of 3/4 in. to 1 in. in a single
pass, though some equipment can penetrate deeper. The
basic recycling operation using the heater—scarifying
approach consist of preparing, heating, and scarifying the
surface, adding additional materials, if required,
compacting and making final adjustments to manholes and

drainage structures.

To be suitable for the heaterscarifier process, the
pavement section should contain at least 3 in. of an
asphalt mixture and the surface course should not
contained aggregate larger than 1 in. in the case of
portland cement concrete pavements with and asphalt
overlay there should be a minimum of 2 in. of asphalt over
the PCC. Heater scarifiers are large pieces of equipment

and may be impractical for step and curing mountain roads.

The equipment required for the heaterscarifier
surface-recycling process generally consists of
heaterscarifier, roller, distributor truck, and usually a

paver.

The depth of scarification is the most critical
element. The deeper the scarification, the Dbetter the
finished product will be. In some circumstances, surface

recycling with an overlay. Since the recycling process



uses in—place material in the leveling procedure, there
can Dbe a reduction in the thickness of overlay required

and ,in some cases, no overlay is required. (3)

Air quality problems may result when surface
recycling old pavements that contain mixtures with cutback

asphalts. (maintenance patches, seal coats, etc.)
2.2.2. Cold—mix asphalt recycling

Cold—mix asphalt recycling is a process in which
reclaimed aSphalt pavement materials,; new aggregate and/or
reclaimed aggregate materials, or both, are mixed with new
asphalt and/or recycling agents to produce cold-mix base
mixtures. The mixing may be done in-place or at a central
plant, and the process does not require the addition of
heat. The cold recycling base is usually covered with a
hot-mix wearing surface or asphalt surface treatment to

provide a water and abrasion resistant surface. (3)

Cold recycling can also involve the reworking of
foundation materials and roadways without surfaces (i.e.,
untreated soils and aggregate) by means of mechanical or
chemical stabilization. Available stabilizers include
asphaltic materials, lime, portland cement, and fly ash in
‘combination with lime, portland cement, and flue dust. The
choice of stabilizer depends on the characteristics of the

80il or aggregates.



There are several procedures that can be used for
cold recycling. Fiqure 2.2 gives a summary flow chart of
available procedures for cold in-place surface and base

recycling.

Five basic steps in the construqtion of a cold
recycled asphalt pavement are: 1) pavement removal and
size reduction, 2) addition of new asphalt, recycling
agent and mixing, 3) laydown and airation, 4) compaction

and curing, and 5) application of wearing surface.

The 1initial step for any type of c¢old recycling
process is to rip, scarify, pulverize, or mill the

existing pavement to a specified depth.

e e i
Fine Grade Pnme and Place
mma |- Surtace Course
Compact As Required
Pulverize Pavement
and Bulcgmlal
Asphait crete v
S(ur’g:es Less Than Add and Mix Fine Grade Tack and Place
About § Inches) -Stabilizing Agent and |__| Surtace Course
{Lima, Cement, Asphait Compact As Required
and/or Other Chemical)
Finev Grade Prime angolzlace
Rip and Break Uj Pulvari - and Surface Course
Prepare [ (Asphait Concreta Windrow Pavement Compact s Required
Constructi Surtaces Greater Than Material and Base
Area About § Inches)
Add and Mix Fine Grade Tack and Place
Stabilizing Agent and Surtace Course
{Lime, Coment, Asphalt Compact As Required
and/or Other Chemical)
Mix '
Pnl;:aﬁ;'zlﬁ;%‘g“o:t . Tack and Place
L— (Lime, Cement, Asphalt Compact |[——{ Surface Course
and/ot Other Chemicai), As Required
Grade

FIGUR52 bro;;;lures ;allable for cold in-place surface and base recycling.



The. broken-up material can than be further reduced in
size (if necessary) and mixed with new agphalt and/or
recycling agent in-place, or it can be hauled to a central
plant location where it 1is crushed (if necessary).
stockpiled, fed into a conventional batch or drum plant
for mixing, and hauled back to the job site for laydOWn
and compaction. The choice of which method to use will
depend on several factors such as equipment availability,
condition of the existing roadway, and economics.For
example, 1in—-place recycling is especially applicable to
secondary low-volume roads that are located at a
considerable distance from a central plant. On the other
hand, central-plant mixing allows better quality control
and affords the best opportunity to produce a uniform
recycled mix, since the reclaimed material can be
segregated into various stockpiles, based on property

variation and then reblended. (4)
2.2.3. Hot-mix asphalt recycling

Hot-mix recycling is a process in which reclaimed
asphalt pavement (RAP) materials, reclaimed aggregate
materials (RAM), or both, are combined with new aggregate
and/or asphalt, and/or recycling agents, as necessary, in
a central plant blending and mixing operation to produce
hot—-mix paving mixtures. The finished product,is generally
regquired ' to meet standard materials specifications and

construction requirements for the type of asphalt concrete

10



mixture being produced. With equipment now available, all
hot-mix producers can recycle using relatively inexpensive
additions or modifications to their existing plants, or
using plants designed specifically for recycling, without
violating air quality regulations.(4) Hot-mix recycling
can be a standard procedure 1in road maintenance and
rehabilitation practices if it is satisfies the following
economical, technical, and environmental needs of the
highway engineer:

* Achieve prbductivity levels similar to conventional hot-

mixes

* produce stable mixes equivalent to new asphalt mixes.
Both the aggregate and asphalt in the recycled mix must
need the same requirements as new materials.

* Be an environmentally acceptable system (i.e., that
limits 'blue smoke' during production).

Hot-mix recycling, although relatively new, is a proven
technology and is much less experimental in nature than
many of the cold-recycling techniques, with the increased
use of the drum-mix plant and it adaptability for
recycling, the amount of hot recycled material being
produced each year has increased. It was estimated in 1980
that about ten percent of the asphalt concrete hot-mix
market would be supplied by hot central plant recycling
operations in the next three to five years. In 1985 the

estimate ran to 15 percent or higher. (5)

11



In comparing cold recycling with hot recycling, there
are several advantages of hot central plant operations.
Excellent quality control can be obtained in terms of
particle sizing, modifier and total binder cantent,
blending percentages of new and recycled aggregate, and
mixture homogeneity. The process can be used to repair all
types aof pavemeﬁt including high traffic volume

facilities.

Four basic construction activities are reguired in
the hot-mix recycling process: 1) removing existing
asphalt pavement; 2) preparing reclaimed pavement for hot-—-
mix recycling, stockpiling, and crushing; 3) processing
the blend of old and new materials in a hot-mix plant andjg

4) placing the matetrial aon the roadway.

Much of the same equipment used for pavement removal
and size reduction in cold-recycling can be used for hot
recycling, several procedures have been developed that
allow the use of RAF in a central—-plant hot—mix process.
Both batch plants and drum—mix plants have been
successtully modified to produce hot recycled mixtures.

Flants specifically designed +or recycling are also

available. (5)

2.3. Design of Recycled Mixes
2.3.1. Cold-mix recycling

There are certain basic steps that must be included

12



in the mix—design procedure. These can be generalized as

follows:

* Obtain representative field samples from the pavement or
from stockpiles of the reclaimed materials.

* Perform laboratory analysis: determine composition and
properties of the reclaimed materials, evaluate the
deficiencies of the reclaimed material and determine the
need for additional aggregate, select the type and amount
of asphalt modifier, and mix, compact, and test trial

mixtures.

* Select the optimum combination of mix components as

initial target value and adjust in the field as necessary.

Figure 2.3.shows a generalized flow chart of the basic
steps in the mix design procedure for c¢old asphalt

pavement recycling.

Aggregate Gradation and Asphalt Content
from Reclaimed Asphalt Pavement

|

Gradation Of Reclaimed Aggregate
Material and Amount OFf New Aggregate,
If Reguired

Calculate Combined Aggregate
In Recycled Mix

Belect Type and Grade OFf New AsphaltgAJ

Determine Asphald Demand OF ComBined
Aggregate

|

Estimate Fercent Of New Asphalt
 Required in Mix

|

Adjust Asphalt Content
By Field Min Tr}als

Figure 2.3. Mix Design Flow Chart For Cold
© ~Mix Recycling Procedure.
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Although there are many similarities between the mix
design procedures for hot-recycled and cold-recycled
asphalt mixtures, there are certain differences between
the +two mix types that must be considered. These invalve
primarily the time—temperature effects associated with the
presence of water and the slower binder softening rate in
cold-recycled mixes. Consequently, changes in mixture
properties with time, in addition to target redications in
aged binder consistency of the RAP, are important

considerations in cold-recycled mix design.

2.3.2. Hot—-mix recycling

All hot—mix recycling of reclaimed asphalt pavements
is done by the heat-transfer method. Recycled mixtures can
and have been successfully produced in both batch and

drum—mix plants.

In batch plants the heat—transfer method comprises
the use of super—heated aggregate (new and/or reclaimed)

to increase the tempersture of reclaimed asphalt pavement.

In the drum—mix process also takes place. Three major
approaches bhave been used. One process depended entirely
on indirect heating by the exhaust gases. The second
process uses convection heating by containing the complete
cambustion process and by turbulent air mixing action

which develops a uniform gas temperature distribution. (3)
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The third process heats the new or reclaimed
aggregate in the front of the drum, introduces the
reclaimed asphalt pavement at approximately the center of
the drum and heats ( by convection and conduction ), and

mixes through the remainder of the drum. (3)

The resulting mixture from either batch or drum—-mix
plants, at conventional mix temperatures is discharged
into a surge bin or houl trucks. he recycled material is
placed on the roadway using conventional paving and

compaction equipment.

In the laboratory work for hot-mix recycling, the
followings should be covered:
* Evaluation of the RAP
a. Determine the asphalt content (ASTM D-2172

Extraction)

This is done to certain amount of asphalt in the RAP
which could be regained by recycling. If it is less than
1%, it cannot be recovered and the RAP will be considered
as untreated aggregate.

b. Determine the gradation of the extracted aggregate

(ASTM C-136)
The gradation of the existing aggregate in the RAP

should be determined so that untreated aggregate of
appropriate size can be added in order to bring it to

desired gradation and hardness.

15



¢. Recover the asphalt from the solution of
trichloroethylene (ASTM D-1856)

In this step., the mix is heated until the ethylene
evaporates and is collected with the condensation for
reuse. The residue is kept in a tray for later use.

d. Determine viscosity at 60 °C (ASTM D-2171) or
viscosity at 135 C (ASTM D-2170) plus penetration at
25°C (ASTM D-5)

Usually, since the recovered asphalt is wvery hard,
the second option yields a more promising solution.

* Select the desired viscosity of the final binder

Depending upon the climate and thickness of the
recycled pavement to be laid, the viscosity of the final
binder 1is decided. Usually in areas like Ankara, AC-10
with 1000 P. viscosity at 60°C is used.

* Select the gradation of new aggregate according to
specification compliance

a. Determine the gradation of new aggregate (ASTM C-136)

b. Calculate the required binder percentage to meet

grading specifications

The above would also he used in regulating the
openings of the bins in plants.
* Estimate binder demand

The CKE test is used to obtain the optimum Dbinder

demand.

* Determine mix proportions for trial mixes

16



* Make and test trial mixes

For this step either the Marshall or Hveem methods
can be used.
* Select the job-mix formula

This will give the result of the laboratory work in a
short statements for the type of hot-mix recycling

technique being used for a particular job.

The essential factor 'in achieving optimum output and
success 1in any of the recycling techniques, is the close

following and effective control of the laboratory work.

A comprehensive study of hot recycling mix-design was
conducted for FHWA by The Asphalt Institute. Figure 2.4.
is a flow chart of the basic steps in the Institute's

recommended design procedure. (3)

Asphalt Gradation, Asphalt Content

and Viscosity of Extracted Asphalt

from Reclaimed Asphalt Pavement (RAF)
1 I

Gradation Of Reclaimed Aggregat
Material (RAM) and/sar New Agqgregate

1

Calculate Combined Rggregate In
Raecycled Mix

LS
i

Percent Asphalt Demand of
Combined Aggregate

l

[7 Percent New Asphalt In Mix &
1

[f Select Grade of New Asphalt

|

Trial Mix Designs
By Marshall and Hveen Method

l

{*7 Selwct Job Mix Faroula AJ

$In some cases a Recycling Agent may
be incorporated

Figure 2.4. Miu Design Flow Chart For Hoi
~-Mis Recycling Procedurae.
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CHAFTER 3
MATERIAL PROPERTIES

3.1. General

Fhysical properties of the materials used in the
asphaltic concrete which is prepared in the laboratory are
presented in this chapter.

3.2. Bitumen

The bitumen used in the mixtures was &7 pen. and

obtained from the General Directorate of Turkish

Highways.

The properties of the bitumen were determined by a
series of laboratory asphalt tests in METU Transportation

laboratory. These properties are shown on the Table 3.1.

Table 3.1. Physical FProperties of Bitumen

Fenetration ' &7
Specific Gravity 1.02
Ring % Ball Softening Point (°C ) 54

Temperature Succeptibility
A={LogB00 — LogP25) 7/ T r&b — 25'c 0.037

Penetration Index 0.3

3.3. Mineral Aggregates

Lime stone used in the mixes were brought Ffrom ENKA—

BECHTEL motorway site. They were crushed both to make

18



them angular and to fit to the selected gradation

specification.

The selected gradation specification was Type A

Bituminous Base course of Turkish Highway Department.

The specific gravity of coarse, fine and filler part
of the aggregates and the specification ranges were shown

on the Tables 3.2. and 3.3 respectively.

Table 3.2. Physical Properties of Mineral Aggregates

PROPERTY COARSE FINE FILLER

Specific Gravity 2.717 2.723 2.713

Table 3.3. Type A Bitumious Base Course Gradation

Specification
Sieve Size % Passing

11/2 100

1 72-100
3/4 60-90
1/72 50-78
3/8 ' 43-70
No.4 30-55
No.10 i8-42
No.40 6-21
No.80 2-13
No. 200 0-7
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3.4. Mixture Properties

The existing asphalt content of the reclaimed asphalt
pavement taken from the test road between Ankara and
Eskisehir was found as 5.75 % by means of the Exraction

test performed in METU Transportation Laboratory.

The optimum asphalt content of the bituminous base
course was found as 3 % by means of the Marshall test

performed at KGM asphalt laboratory.

The specimens prepared from the reclaimed asphalt
pavement were used without adding anything and they were

compacted by applying 50 blow efforts on each side.

The recycled specimens were prepared by the addition
of asphalt and aggregate to the reclaimed material at
certain amounts according to the predetermined reclaimed
and new material percentages.These percentages and related

asphalt and aggregate amounts are given in Chapter 4.
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CHAPTER 4

EXPERIMENTAL FRDCEDURES

4.1. Gensral

Since the aim of this study is to determine the
optimum percentages of reclaimed and new materials, the
experiments were performed on these reclaimed and

recycled materials.

Firstly, it was necessary to determine the existing
asphalt content and aggregate gradation of RAF material
in order to determine the additional amounts of these
materiale. Therefore, an extraction and sieve analysis

tests were performed on six samples.

4.2. Preparation of Specimens

4.2.1. Reclaimed Specimens

The material taken from the scarified pavement was
heated to 150°C, mixed and compacted with 50 blow effords
an each side by using Marshall test equipments in the

laboratory. The results are shown in Tables 4.1. and 4.2.

4.2.2. Recycled Specimens

In order to prepare the recycled bituminous base
course specimens, it was necessary to determine the

amounts of asphalt and aggregate to be added to the FRAP

21



Table 4.1. Heights of Marshall Specimens for RAF
SAMPLEIHEIG. 1 |HEIG. 2{HEIG.3| AVE. Wair Wwat
1 &50. 6 &0, 4 b6O.7 L0.36|1107.01437.0
2 58.8 o8.6 S58. 4 S8.6011094,0(634.0
A 59. 4 59.4 S7. 6 99.46(1100.0[637.0
4 &H0.0 b0 4 éQ;O HOLIZHI115.0(544.0
5 60,2 &L 0 &0.5 &0, 1611111.0]640.0
& 60 E 61.0 H0.5 HO.6 [1110.5]638.0
Table 4.2. Marshall Tests Result for RAF
SAMFLE | STABIL.ITY |FACTOR | STARILITYXX FL.OW
1 1271.84 1.079 137232 b~7
2 1275.8% | 1.143| 1458.28 7
A 1528.95 1.114 1480.47% &
4 1121.35 1.094 1226.76 &b
5 1218.11 1.090 1327.74 9
& 1387.38 1.079 14946.98 10
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material according to the varving asphalt contents and
aggregate gradation specification (Type A ) of  the

bituminous base course.

These percentages of RAF and new materials, and
corresponding aggregate and asphalt requirements are

ShDNn il"l Tables 4.3-, 4-4-,‘ 4-5-, 4.6-’ 4-7-, ‘4-8-’ 4.9-’

4.10., 4.11., 4.12., 4.13. and 4.14.

The asphalt and aggregate were added to the FRAP
material according to these calculated amounts and the
laboratory hot-mix procedure was applied to this mixed
material with S0 blow efforts. Three specimens were

prepared for each asphalt content.

After the removal of the specimens from the molds,
they were allowed to cool at room temperature at about 24
hours and then they weighted in air and in water. Related
properties of both reclaimed and recycled specimens were

calculated from these weightings.

Before their stability and flaw values were measured
by using Marshall apparatus, they were socaked into the &0

C water bath for 30 minutes according to the Marshall Test

reguirements.

The test results are given in Chapter 5.



Table 4.3. Determination of Additional Asphalt Amount

OLD = % 10 NEW = % 90
A/C | ADDITION | ASPHALT IN PLACE | TOTAL ASPHALT

(gr) . (gr) (gr)
2.0 15.59 5.98 21.57
2.5 20.85 5.98 26.83
3.0 26.06" 5.98 32.04
3.5 | 31.22 5.98 37.20
4.0 36.33 5.98 42.31

Table 4.4. Determination of Additional Aggregate Amount

SIEVE % 10 % 90 % 10 % 90
OLD NEW
NO. DIAM. OLD NEW (gr) (gr)
3/2 38.1 100 100
1 25.4 100 S0 ———————— 99.00
3/4 19.1 100 75 |- 247 .50
172 12.7 94 64 ||——————— 356.40
3/8 9.52 86.3 58 15.70 415.80
4 4.76 68 42 - 35.20 574.20
10 2.00 45.2 25 60.28 742.50
40 0.42 18.3 10 89.87 891.00
80 0.18 11.2 6 97.68 930.60
200 (0.074 7 3 102.30 960.30
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~ Table 4.5. Determination of Additional Asphalt Amount

OLD = % 20 NEW = % 80 )

A/C | ADDITION | ASPHALT IN PLACE TOTAL ASPHALT
(gr) (gr) (gr)
2.0 9.61 11.96 21.57
2.5 14.87 11.96 26.83
3.0 20.08 11.96 32.04
3.5 25.24 11.96 37.20
4.0 30.35 11.96 42.31

Table 4.6. Determination of Additional Aggregate Amount

SIEVE % 20 % 80 % 20 % 80
OLD NEW
NO. | DIAM. OLD NEW (gr) (gr)
3/2" 3§Ti 100 100 e D
1" | 25.4 100 83 = 149.6
3/4"| 19.1 100 68  fm———————— 281.6
1/2"| 12.7 94 57 13.2 378.4
3/8"| 9.52 86.3 50 30.1 440.0
4 4.76 68 35 70.4 572.0
10 | 2.00 ‘45.2 27 120.6 642.4
40 | 0.42 18.3 13 179.7 765.6
80 | 0.18 11.2 6 195.4 827.2
200 |0.074 7 3 204.6 853.6
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Table 4.7. Determination of Additional Asphalt Amount

OLD = % 30 NEW = % 70
A/C ADDITION ASPHALT IN PLACE TOTAL ASPHALT
: (gr) (gr) (gr)
2.0 3.63 17.94 21.57
2.5 8.89 17.94 26.83
3.0 _‘14‘10 | 17.949 32;04
3.5 19.26 17.94 37.20
4.0 24 .37 17.94 42 .31

Table 4.8. Determination of Additional Aggregate Amount

SIEVE % 30 % 70 % 30 % 70

OLD NEW

NO. DIAM. OLD NEW (gr) (gr)

3/2"| 38.1 100 100

1% | 25.4 100 90 | 154.0
3/4"| 19.1 100 75 | 269.5
1/24| 12.7 94 64 19.8 373.3
3/8%| 9.52 86.3 56 45.2 438.9
4 | 4.76 68 42 105.6 . 523.6
10 | 2.00 45.2 25 180.8 585.2
40 | 0.42 18.3 10 269.6 685.3
80 | 0.18 11.2 6 293.1 731.5
200 |0.074 7 3 306.9 754.6
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Table 4.9. Determination of Additional Asphalt Amount

OLD = % 40 NEW = % 60
A/C | ADDITION ASPHALT IN PLACE TOTAL ASPHALT
(gr) (gr) (gr)
2.0 - 2.35 23.92 21.57
2.5 2.91 23.92 26.83
3.0 8.12 | 23.92 T 32.04
3.5 13.29 23.92 37.20
4.0 18.39 23.92 42.31

Table 4.10. Determination of

Additional Aggregate Amount

SIEVE % 40 % 60 % 40 % 60

OLD NEW

NO. DIAM. OLD NEW (gr) (gr)

3/2"| 38.1 100 100

1" | 25.4 100 i AN PE—— 151.80
374" 19.1 100 59  ||em——————— 270.60
1/2"| 12.7 94 45 26.40 363.00
3/8"| 9.52 86.3 37 60.28 415.80
4 | 4.76 68.0 27 140.80 481.80
10 | 2.00 45.2 21 241.12 521.40
40 | 0.42 18.3 11 359.48 587.40
80 | 0.18 11.2 5 390.72 627.00
200 {0.074 7 2 490.20 646 .80
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Table 4.11. Determination of Additional Asphalt Amount

OLD = % 50 NEW = % 50

A/C | ADDITION ASPHALT IN PLACE TOTAL ASPHALT
(gr) (gr) (gr)

2.0 - 8.34 29.91 21.57

2.5 -~ 3.08 29.91 26.83

3.0 2.13 29.91 32.04

3.5 7.29 29.91 37.20

4.0 12.04 29.91 | 42.31

Table 4.12. Determination of Additional Aggregate Amount

SIEVE % 50 | % 50 % 50 % 50

OLD NEW

NO. DIAM. OLD NEW (gr) (gr)

3s2"| 38.1 100 100

1" 25.4 100 73 | ————————— 148.50
374"| 19.1 100 51 | 269.50
172" 12.7 94 34 33.00 363.00
3/8"| 9.52 86.3 28 75.35 369.00
4 4.76 68.0 19 176.00 | 445.50
10 | 2.00 45.2 16 301.40 | 462.00
40 0.42 18.3 5 449 .35 522.50
80 | 0.18 11.2 3 448.40 533.50
200 | 0.074 7.0 1 511.50 | 544.50
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Table 4.13. Determination of Additional Asphalt Amount

OLD = % 60 NEW = % 40
A/C ADDITION ASPHALT IN PLACE TOTAL ASPHALT
(gr) (gr) (gr)
2.0 - 14,32 35.89 21.57
2.5 - B.06 35.89 26.83
3.0 - 3.85 35.89 32.04
3.5 1.31 35.89 37.20
4.0 6.42 35.89 42.31

Table 4.14. Determination of Additional Aggregate Amount

SIEVE % 60 % 40 % 60 % 40

OLD NEW

NO. | DIAM. OLD NEW (gr) (gr)

3/2"| 38.1 100 100

1" 25.4 100 65 || -———————— 154.00
374" 19.1 100 39 |[o—m——————— 268.40
1/2"| 12.7 94 20 39.60 [ 352.00
3/8"| 9.52 86.3 13 90.42 382.80
4| 4.76 68.0 7 211.20 409.20
10 2.00 45.2 6 361.68 413.60
40 0.42 18.3 5 539.22 418.00
80 0.18 11.3 2 586.08 | 431.20
200 7.0 7 1 613.80 435,60
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CHAPTER 5
EVALUATION OF TEST RESULTS
5.1. General
The chapter deal with the evaluation of test résults.

It can be seen from the Figures 5.1., 5.2., 5.3.,
5.4., 5.5. and 5.6. that as the rate of RAP material

increases, the Marshall Stability of the mix increases.

The other properties such as practical unit weight,
flow, wvoid content, void filled with asphalt are also in
the bituminous base specification ranges. These results

can be seen from Figures 5.7. to 5.30.

Determination of optimum asphalt content from these
figures by considering the bituminous base course

specmflcat1on is g1ven in Table 5 1

Table 5.1. Determlnatlon of optlmum asphalt content

RATES | A/C
OLD | NEW | STAB. | FLOW | P.U.W. | wn Vf | AVE.
10| 90| 3.25[ 3.00| 3.40 3.50 | 3.40 | 3.31
20| 80| 3.25| 3.00 | 4.00 3.40 | 3.50 | 3.43
30 | 70| 3.75| 4.00 | 3.60 3.40 | 3.40 | 3.63
a0 | 60| 3.25| 2.60 | 3.50 3.30 | 3.40 | 3.21
50 | 50 | 3.75 | 3.60 [ 3.70 3.00 | 3.30 | 3.47
60 | 40 | 3.35 | 3.80 | 3.85 3.20 | 3.20 || 3.47




|19
& °C8
26°8

€eeea
peeg
88°L

19°4t
vEe o8
B8L"9

X A4 4
9 %8
e89°'s

&L°1E
[C3g 4

18°19
££°9G
19760
£y zy
sL°1S

3h

406
= g
= Q8

= 3A
= 5

= qg

= A
= eg
= Qg

= *A
= e
= q8

66T
mne
BLE T

99°%%

LLST

ge Y
AT
919°Z

[ 90 2
£9°4
L9z

= Bp
= Uf

o PN
= YA
= 1a

= v
= up
=. 14

= ®A
= 4h
= ia

4°St
&°r3
vt
Z°sy
ez
"o

So31RX 06—0T J0J S}TNSoX 1S9} [[eYSICW “Z-gC aigel
v gor ¥ BIt T 4 v3°'s v -
s P4~ 4 s° 1Zr T >0 e £°c
£ LSY < 8it"Z £ 689 PN 00t “EC = %&saee]
ez 95y §°Z Sit°Z 24 0L L 5 LA A 9 = Z4ATIT4 £ = 39
Z L8E z 188 °c A €9°8 z COZ It = 7 8y £TLT = 16
are ALINIaues 7y ‘Mentd v ya Re74-] 80y = Qg LT = A9
£8L 8ot £L£L°6T giv-c FaHIAY
FAS 4 0860 s 1 Dl =tcA 4 009 Sir*Z 0L “5%Y 06 “BS9 09 P21V ££°¢v9 09 v (2230 2 o1 o9 G *Z¥ €8°¢ L2 2 4 €1
L4 BLO"Y 00°01Y 0091 gZr -z 09 °6SY 01 °659 OL°PIITL L&"19 0029 06°1% o0z [~ 34 J sec 00t vl
£ag 566 °0 00 °"GeL oz sl tvir-Z 0B Z9% g *+ee OY°LIIY £9°£9 00 c9 00" v9 00 ¢9 ccZy eq e 00t <1
B88LZGY 006"ty 1Ze FAUMEAY
o OO0 0 0o Q0 NY3 000 OO 00 (a5 2ol 000 000 22 O A gL 08°¢ 21
=724 5860 00°cor 08 t1e°T OBT09F OIS 0L ZINL Olcte 069 00 t9 oY ce 8y "S5 3388 4 gty ¥
Bt KoL ¢ 00 0ot 035y otk -kt 0L QG 06 "0ST LAV & & B AN [2=g 14 0L°L9 [LC% 81 "L gl°s 05°f (Al
Ot LSy o099 Pl 81¢°2 3ovy3ny
: ohr 8246°0 0004y 00°St 90t "2 04 S 08689 OP"va&01 sL°v9 00 °v? 0L ¢? L2 At 4l 10°Z¢ 162 00°¢ &
1184 £546°0 000t 08°Z1 &L T 00°S9¢  00°8+9 O0O°LITT 056°v9 0L v9 00°c9 00°S% 10°ce 16°Z 00°% -]
=72 ] 900°1 00°CLY 00°9% 2123 At 00°0St 09°¢59 09°%011 ££759 0z £9 01°59 0L°c9 10°ZE 16°2 00°€ 4
0Z9°9st 00Z°st  SIv°Z 29943y
A4 a8zo°t 00°0St 09°%1 SiyZ 0Z°6%%  01°%99 0L °SEVY ¢¥°Z9 00°eR 0g"z9 00°Z9 +8°9Z | £ 24 05T 9
-0 0000 00°0 00°0 yu3 00°0 00°0 00°0 000 00°0 00°0 00°0 +B9Z t°Z 05°Z s
- 1LY Z&b"0 00°GLy 0B L% +Iv-Z 0T°05F 0£°9<?  Or*9801 s£B°LY 00 9 00 7 0c° 9 +8°9Z vz 052 4
" zzotiss 009°Z1 188z ISONINY
zzZs 266°0 00°GZE  00°pl 2~ 4 oY " LY 0B £L9 0Z° 10t <$B°S9 0S°v9 os° 9 0559 00z 96°% 00°Z £
. ThE £L0°Y oo'geE 0T 1} 200°2 00 "&9Y 0L°6S9  OL°BZIY 2£°09 0£°09 [o-3 L] 0509 00°ZZ 9%°t 00°Z z
.0 000°0 00°0 00°0 33 0070 000 00°0 000 oeo 000 00°0 00°ZZ 9%°1 00°Z 1
Ayrgyqeag Jo3deg ( Dy ) ¢ twe ) (gw A (P -2 ) (P ) (d) ( “ww) B z 1 usemyTg oM " oN
*3ID4407 *IDDHA0] AIFTFAEIS - MOYF  JTER JTUN *10A Lk 41e uy cdany
. 1esgesd Wbyey

ubram

s3ybyay

~37—



S83ed (08-0Z J03F S3IINSaA 1s9] [[eySdel "¢ s arqel ’

- ﬂ ‘ -
ot s 80t v £zreT b £5eg v
v-o1 ps £28 [N 2842 S°s s8°s g°c
8-t cz £8t £ L 78 084 £ <r°g £ Ot *BE = Yasaroy
z-sy z Lit 5 e T sz £8°01 (-3¢ 4 O0B°E = Zaaiyiy £WL°T = 39
[« R F} I cov Z Zzg Z &8 11 z 0Bl = % euly £ZL°T = 19
ALINIBUIS Osu Mentd ary 7 are BZC¢*t = ag L1z = 219
o,
Z8T "BOY 00Z ST £2p T JovuaAY
. . .
BLZ9 = 4A (AT L gzy £20°1  00°SIt 00°91 1102 OtI9r  09TASY  OB'SIIT  LS2e  01°z¢  ooeze ©0"s9  g£ezy  6gs 00°t €1
&89'c8 =@ P = un oy 886°0 0Q°SZY O el stz OL°6SY . 06°LSF  09°£11% 00" 49 o0 v9 00" b9 00v5 se zY sa's 0ot vy
66°8 = 4S5 095z - = i@ o8 186°0 w000  OZ°G1 8ZYZ 09°95Y  00°ZS9  09°801% 05°g9 oD 99 05°g9 00"c9 (=AY =323 00y T
009 -TLg £rett A s IguyIAY
Lein = 36 QLrst = es | 6E8 a0y (L = ~R K 2 { £T°T 06" L51 08159 0L E0TT L1°59 05°c9 o0t ee 009 3] A 8ot 05 zt
prasni A 86 - um 609 080" 1 O0TORE  O9°SY o1tz GFTISE 00°SES 09 gtIg 519 0019 0z ze 0 19 81-s¢ 8e g g 11
062 = ag g26°c = i@ 08s 800°1 GBI 00T 34 e ONTEwt 040499 oLTISTY 0z°g9 o0rce o1-go [T 81y 22 05 o
" ——— - i
G864 28 00r 91 9s8°z sty |
65t = 161 = 108 £Z0°% 00°05% 08°9% £9¢°Z 01 £9b  OL°9E9  0B°SOIT  £9z9 oL z9 08°Z9 or-z9 10°2Zg 16°Z 00°g & o
g8°t8 = 5 ay°s =ux O 000°0 00°0 00°0 3 00°0 00°0 00°0 00°0 00°0 00°0 00°0 to°zs 16°2 co’s a m
99°9 = a5 268 =18 | S%P 950°% 00*OvY  00°91 045 °Z 0B°Z9t  OL°ZYY  0Z°COIY oy 19 08°19 0z 19 0z"19 10°z¢ 16°Z 00°g z ! |
|
£Z8 91y 008°St  Zeeez FvyaAY
09°cE = A T Z€°91 = wa | £BF St6°0 00°0fy  08°¢1 618°Z O1°C2t 0L°'9Z9 o08B°101g LS9 . oL°cH 08°59 08°c9 v8-9z troz 05°Z 9
89°S8 =v§ €01 =y .9O 000°0 00°0 00°0 ¥y3 00°0 00°0 00°0 00°0 00°0 . 00°0 000 B 9T vz oc¢ s
8¢'S = g8 919°2 = gm |, P 0Lb"0 00°09r 08°9% vz Or° L% 00°6Z9 Or 9401 L9°v9  O1°v9 06" 9 00°59 +8°9Z vz 05°Z v
' gesesov 00z St zzez 39vu3AY
ve'9Z = dA 29T =ws |, BZP 0§ 00°01y 0Z°cI sI1£°Z 0B°BLY OL°6Z9 05°8BO1I £8°19 or°19 06°19 0z°z9 00°ZZ 951 00°Z <
LS8 = g a8°F1 oy | 96T 066°0 00°00t 0B°9% £IL 7 OL°EBY  06°L£9 0%°STIT £6°C9  O1°p9 oL €9 0049 00°ZZ ?6°1 00°Z z
By - 95 €9z =4 . 98% £00°1 00°G8S  09°%1 geetz O£ 6Ly  08°SS?  OT°1IiY £Y°C7  Ol'ew 06°Z9 oc-c9 00°ZZ 96"t 00°Z H 4
Advu1qe3s ao3aey ( cBA ) ( cuw ) (fwI Byt P - D ) tPp) ta) ( ow ) [ z T uawnytg qam [ oN
*3ID8440) =N . ) >0«~n810m L= ) Item Jjun *1on *Iem Uy A1 Uy Ay

1edy3eay WwbreM  Iybyan s3ybray



8381 QL-0€ 40J SI[NSdI 3S8] [[RYUSIRY *p c 2[ge

ot 9e9 ] b2 § At 4

v t L 782~ 12
Py e's S99 [35 254 k4 s°c 18°c s°s
71 < s09 £ Iz £ te 9 < 00Z°L8 = %as.eoly
oy cz oss [3F4 BT [~34 68°8 s-z OGS = ZJaTIYY £IL°Z = 39
FAS 31 z 488 z 0ss°Z z 19°13 z 00E"6E = % @uyl £Z24°Z = 9
[ aF] asy ALIVIGWLS  O/Y ‘MRd are ua arv B0t = qg 214°Z = %9
B ans = PP
105°C69 LIE¥Y  Zip°Z IguyEsy
+8°09 = 3A [ 720'S YN Sp9 [A=3 84 4 00709  0B°Z1 Tes°Z OZ ot  O1°99  of-O1Il gf gC ot *BS oz 88 ot "8S =807 [=-RE 00"t -3¢
LE°EB = eg 9L = UA kg $60° 1 00°00? 00" ¢1 otz 0T t9% 097089  0B°PIIY O1°09 01 09 0z 09 0009 SEZP c8*s 00t Y
€68 = qs 0S8z = 1d co9 +90°1 00°SZ9 00°91 tor T 01°8SY  0O£°199  Ov°6I1T £0°(9 00°19 0z 19 0019 [~ 4 s8¢ 00"t €1
Lot "999 LSy 8rp T JoN3any
29°4C = A VLS = eA to9 (24 B 4 00°0eS  (9°5Y F3 5304 07 Gt 00°tt9 09°840T QT e 0009 0608 [ ar-4s =N o5°g b4
azos = e e85 = ua 89 Loy 00°0re 0Bt 168°C OOBEr  0O°/LY O0Ge0T 27°09 00°1e 0808 OR 00 8145 85 % 05 i1
16°2 = ag 8L5°C = 14 za9 t111 QOGRS 6D 8zt°2 Ottt OLTPER 08Ol sptsg 05°48 08°68 LS RPY 81 45 2 o5e o1
8ZY v09 299°Z1 91 T I9UNINY
eEc6t = A Ll = e 209 8£0°% 00°08C  0Z°11 oz OZ°GStr  00°Zv9 0Z°L60T 26°19 05°z9 0Z°19 [ A 10°28 1672 00°¢ b
BZ°SB = e5 v8°9 = 4A [~ £90°t 00°SI8  00°21 Sov -z OT °LEY  OS°ZHT Ov 6401 Q019 ov 09 09°09 00°29 10°z8 16°Z 00°S e
22°9 = gs 268°7 = i@ z99 9ULO"Y 00°SI?  08°p1 riy°Z OS°E£SY  00°089  0£°COIT §£2°09 0809 0607 0S 0% t0°zs 16°2 00°s A
8Z0 0468 000°C8  tBe°z _3vNIAY
TeLrEs = 3A bl = ep 685 060°Y 00°08C Q0°Z1 LLL°Z OZ° LSt  OI°#Z9 O£°L£01 $Z 09 0L°6S 00°09 0019 892 [ 1254 oSz 9
»S°68 = ®g 988 = yA 168 £80°1 00°5E8 00zt 1ot °Z 0S8 LEY  04°SE9 08 °480T1 ££°09 08°09 01°09 . 0Z°09 892 vz . 082 [
09 g = qsg 919z = ja 068 ££0°1 00°08C  00°Z% 1723k 0Z°ERr  08°9L9 00°00¥l ©£8°09 0L°09 08-09 0019 +8°9Z to°Z 08°Z 14
000°LEC 00Z°11  05£°Z IPVNIAY
8rLT = #A 10°61 = wp [ 000°0 000 00°0 ¥¥3 00°0 000 00°0 00°0 00°0 00°0 00°0 00°ZZ 9563 00°Z £
66°S8 = g 19°I1 = uA 68 150°% 00°sIE  o0Z°1t 6882 0L 99  08°¢Z9 O0S° 1601 $£°Z9 00°2%9 00°2% o0°S? 00°z2 S6°Y 00°2 z
oyt = qg 9€9°Z = i@ {- 4 £10°1 00°SLy O0Z°I1°  ozgeeZ OV ZLb  OL°SZ9 019401 £0°S9 00°59 0z g9 0629 00°ZZ 961 00°T 3
AITLIAPIE  J0Iey ( By ) ¢ cow) (SW/4B) (P - 2 ) (p (33 ( *ww) s z 1 uawnytg am ] ON
T3DBA40] °3204403 AITIFGEIS  mOTd 3rem Jpun “IOA cyEm o uy aye uy *any

1estyway wWhbram  ubyam saybray



919
#ILE
216G
FE-NAS

PL°1R
8t °ce
26°8

1748
nroteR

(U124

+9°18
og o8
89

L6°LE
|z se
68°S8

uyM3

MN3

28

]
R

T R
"

o

Jry

=30

= €§
= q8

fa3

= 30
= eg
= q8

= 3N
= eg
= Q5

FA>88 2 4
£8°S
095°C

oggy
6t
826°2

oz £y

L6582

Lot
£1°6
93192

U3

992

L8
Q51
9°v1
1°61

moad

= 'p
= Yh

= 14

= ®A
= un
= 10

= 'A
= Yn
= 10

= '
= UA
= 1d

= BA
= YA
= 14

"

.
™

nnne

L
~
<

sojea 09-0b J0]

sjInsaa 31893 [1RYSJIeR

L 81ge]

s3ybyay

+59 4 8it-Z 4 £8°c 1 4
<B8? et gL T 8 e 048 8°s
£62 £ 123 £ e e < P °OE = YLesavo]
859 &7z L2482 S°Z £1°8 [ =24 000 = Z4211%3 £IL°Z = 39
NOb°6E = % Buly £ZL°T = 19
A11718vis oy ‘Mntd e un are 80y = q9 FA V4 = A9
& e

L123 Bg :220 4 Q0L SY 22 8 -l IGIIN

889 (108 Bab ¢ OQC08s o9y 45 A4 0% “8at 0P 6t9 8oy on°ss (e 53 0168 04°85 &Ly sB°s 00"t st

£g9 880"y OO0 og'tr &le 72 oz *&st 05169 L tot1t Of: 0% Ot 09 0L r08 ozc09 sy £8°¢ 5,628 4 14}

© 0000 Lo uhi i [ R0} oo 000 000 000 000 000 ©0°0 00°0 [ 4 =2t o0t ka4

009 zZ89 DO LRSS | STH+T 3oEING

99 [0 B § DU -8 ¢ &TE T LAL el Rt o LoD 2 44 26°pPS OTRG 05*eg Oz 65 RY “£< B ¢ 05°% b

&L% [CO RS L ] LUEE [ IR SN LTS KX 1eten 0206h 01°09 a0 08 Bl .S gser oL IR}

" O °Q V0T 443 O e o oto OO0 0Ho 0 000 By i [ 33084 (3-8 8 [33]

- 1

BZt 569 Q0P Pl 1£¢°C 39vN3INY ’

€ZL LA B ¢ 00 5% 09°st (=13 A (L o= 4 00°LE9 05 °24801 £Z°s8 0Z°6S 0868 0048 10°28 16z 00°C &

[ 0000 000 00°0 ¥y43 00°0 00°0 000 00°0 000 00°0 00°0 10°Z¢ 36°Z 00°s 8
- Z99 550°Y 00°5Z% 097°cy Ly °Z [v= A 534 0B°SH9 09°8801 oL°1%9 op 09 05°z9 o019 10°Z8 16°2 00°¢ L

89889 £ETpT LL8°8 IFFAINY

959 2490} 00°S19 09°¢3 g9c°Z 0965t oz " LZ9 08 °980T 00°19 oB 09 0Z°19 00° 19 *8°y2 "z 05°Z L4

££9 &50°T 00009 09°cY &L8°2 0L°8SY oL-ze9 Ov° 14601 [2A8 L 01°19 0zZ"19 08" 19 Y8 9C L4 kA 05°Z [~

z89 £88°T Q0" 009 oz st L88°% os‘atrt oz zzy OL°0L0T 08°82 00 °68 ot 88 00 6% +8°9Z L2 AfA4 [« "4 4

000°0 o000 W43 IWHINY

] 000°0 [l g 000 P43 00°0 000 000 00°0 00°0 00°0 00°0 00°ZZ 96"t 00°Z b

L] 000°0 000 000 000°0 000 00°0 00°0 00°0 00°0 00°0 00°0 00°ZZ 9%°% 00°2Z Z _

L] a0 0 [ b o] 000 ¥u3 000 00°0 a0°0 00°0 000 00°0 00°0 00°ZZ 6"t 00°Z 1
AIITTAPL] 40330 ¢ B ) Cww ) (SWI/AD) (P - D tCP) [ & t ‘ow ) £ z 1 uaen3yy an A onN
"AEAIOG cDaau0] ATTIOELSG “O1d  Jyem Jrun “1on cIeM uy - ave uy "any .

teagyesy ubtam  ubteM

-40~



[~tandei
0% 09
286y

52 "5
=3 -}
06

09 0%
g e
-

z8 6y
&£°98
aLe

U3
N3
43

AT

Y3

e

n

A
es
as

A
eq
ag

N
®S
Qs

L]
©g
qs

N
es
Qs

s8°21
13:28 4
0952

L AR
L1068
85T

19°€t
£8°9
L66°T

uyy3

9T

N3

2892

un

nTuu

Li

L0
un
1a

¥hA
up
10

A
HA
ia

A
un
]a

€A
un
ia

sl 0G-0G JO0J S3IINSsA 1S9} [[QUSIACH -9y afqel .
o8 t L5472 ] 18t v
Liou- gL 23 2 A &g L1 g§°L
L9 & L1277 b £8°9 £ VO5TE = ZOsIE0)
[T Ot S LI R 1T = 49
OUE"LE = % Euty LT =19
ANPYIS I MG A ary ua ary BLO°T = 49 L12° =19
sesseroormooon woe vas —— = s=ms oD oen
“ITeT R oot 8l Leetd INYIAY
a8 g=i QO0LL 0e°LY L% ke QL "Lt 01059 O SOty 2088 Q0 °Bs LA - 0otas S5Lce a8 (L chs 3 sy
828 o171 000SL  09°1Z 25y OF ISt OZ°9P9  09°L&0Y  LL°6S ot “68 0z 09 0L 6% [l s8°s [C) (39
484 LZr°% Q0L G091 L 2 .4 oA 08 "Gt 0P IR Ot 6801 [ S -3=1 0L°8% 05°8s 0005 es~T sB°C [+ i 4 £y
G 678 001°ST She T Jovy3IAY }
T FES R3! [-R4 | tSt T QA TN OTTEFY  QOISOT /0765 07 *65 0b 83 [ AFRS [z 8 L34+ z
=8 (S 3 R ot Liter [l GLTEPS RTINS0 es 096G 0L RG (23 R £y oGt n |
“® Ay iy OO Hag Q0 IATE 1) Rt e [0 ) [C UM 1B ¢ as s L oty [ 4
BOB " 9LY (/740 § SIS A4 JOUSIAY 1
B9 201°% 00 S19 ot 01 9Tr T o8 Lt 0z 859 0L°SBOY €£L°468 0865 09768 0865 10°EE 18T o0 L) b
o 200 ¢ o0 0 00°0 H43 000 30 o000 000 000 00°0 00°0 10°cE 16°Z o< 8 4
LS #&60°1 Q0 819 00t EA § -4 ot "ttt 0L 92T 0L &90Y £1 09 0L 09 0009 0L 65 T0°EL 16°2 [L Ll f) : |
00 °0 000°0  Hu3 FUNINY |
[ 3 900°0 00 000 NI o0 00°0 00°0 000 00°0 00°0 o000 8 9c vz »v.vu.N 9
L ] 000 "0 0070 000 0000 00°0 00°0 00°0 00°0 00'0 00°0 006°0 tB R L 2 a4 05°2 <
[ Q000 00°0 00°0 33 00°0 G000 00°QC 00°0 000 00°0 000 +8 9z vz 08°Z v
OO 0 o000 43 JFBHINY
L3 0000 00" 00°0 p-2- ] 000 00°0 00 000 000 00°0 00°0 0022 25°1 00°Z £
4 0000 00 00°0 0000 000 00°0 00°0 00°0 00°0 000 00°0 g4 96°% 00°Z z
@ 0000 00 00°0 N3 [ala by ] 00°Q 000 0070 000 00°0 000 00 °ZZ 61 < 4
#T179e35  2033P4 ¢ "By ) ( *ow ) (CWI/IABY( P -3 ) (P «3) ( tww ) £ z  § usuwnitg an L] ON
“3¥BAA0] “IIBAAO] AITLIQEIIS Moy Jyem Jrun *1on ‘3em Ly Ate ug * ANy -
1earavad WbIeM  ybtam

SWBIOH



LETVL
£1°19

A

FA-2a ¥4
8Z°/8
P16

{1°1e
QeTOR
L8y

a3
M43
ELc]

u§3

N3
¥yu3

nnou

L

E4)
Qs

N
qQs

FA A |
£8°E

(i~

LIRS |
6°5
882

yy3
N3
L65°2

yy3
9z

Y43
22 % A4

tAl 2
91

v B

en
A
ia

tn

A

nnn
£
>

10

€A
ua

1

2 BA
= YA
= 1a

= BN
= YA
= 14

14

&°

e 244

sejed 0Op-09 403

S3INSea 1S87 [[eysJdey

A==} {=1-51
acs + 210 ol t L8°¢ v 00t 98 = yesaeo]
atée [:5¢ ¥ I3 2 Ad-A [ 20°S e°t Q0% = asqrrg £14°T = 39
Q00°6S = % auty £TL 2 = 19
ALITNIGULS o/ M2 are ua an 8oty = Q9 L1e°Z = 19
= s oon ETRSSRESS SongmsiEs.ons ERLSES S ot 3 TEL S8f SEL ST Soes
a1 °8Te [ A 4 8%t "2 Faan
*"s (103 Bl ¢ 00592 or "¢l B8LY°2 CROPY 05° 159 0L "Ze0l ££°6S 0L °6S 04665 08659 £LZe €8¢ LLARS 2 £3
74 v0°T 00082 o L 42 084 O et 05°B59 ooty £I°19 o119 a0 19 [ o 44 &ty [22= 8¢ o0t L4
=8 L90°Y 0OT0LL oR°rt £9t°T Ll et =3 05199 oS eIty £0°19 09 09 0L09 ogtie Sz e8°c 00y £1
WL LIS [ it § LEPT TN
28 Q0GERg. (et FR-1 ol 0L GER O] TRl 7 65 [CRR Y [ a1 e [:1 RSy [ ARd nEey T
98 Qa7 0zT°81 17T 016+ 08°ZO1T €87 6% Q8 &G O 05 Bl 28 | 0% 11
o o0t0 006 HM3 OGO QOO GO0 OGO 00T 131 R gL'y 06t 01
¢00°0 00070 y43 3NIAY n_/u
] 0000 00°0 00-e 000D w00 00°0 o000 000 (Lol 000 000 10°7s 16°2 00°¢ & ﬁws
o 0000 00°0 00°0 Ny3 00°0 000 000 €0 0 000 000 00°0 10-ze 16°Z [0 8
] G000 000 00" Hy3 000 00°0 00°0 00°0 000 000 000 10z 16°Z [aln b L
0000 0000 w3 IovaaAy
L] 0000 00°0 008 343 000 00°0 00°0 900 00°0 000 00°0 v8°9z 2 A 05°Z 9
o 000°0 00°0 00" . 000°0 000 [e o2l ] 00°0 00°0 00 0 [l Ao 000 B 9z L 4 A 052 =4
o 0000 00" 0 000 ¥N3 00 000 000 00°0 00°0 000 000 va-9z | 2 A sz 1 4
D00 o000 ¥¥3 - ISNIAY
o 000°0 00°0 00°0 Hy3 00 000 00°0 000 00 000 Q00 00°ZZ 96°% 002 €
L4 000°0 00°0 009 0000 000 00°0 [¢le bl 000 Q0° 0 00" 0 00°0 00°ZT 961 [l <
o 000°0 00°0 00w Aq3 000 [a0s Rv] 000 000 000 000 000 0z R&Y 00z 3
#3%11qels  Jojdeq ¢ by ) (@) (guUIABIC(P - D) (P ) ¢ 2 t e £ 4 1 uswnylg  qm em oN
“IOU40] *ID@I4A0]) AFTTIqQEIS T4 Jyem J3Un) *10A 3em Ot Jye uy . aAY -
’ test3eaq Iybyam  ybrapm

S3qDYSH



Table 5.8. Determination of the physical properties of the
recycled mixture according to the optimum

asphalt content

A/C 3.31 3.43 3.63 3.21 3.47 | 3.47

%

RATES 10 20 30 40 50 60

STABILITYY{ 4358 540 645 685 820 | 920

FLOW 14.8 16.3 13.8 14.9 13.3 “ 12.3
e Mo - el |

| P.U.W. 2.424) 2.40 2.425) 2.425 2.440“ 2.445’

:

ll

Vh 6.50 6.80 6.00 6.55 5.50 5.00

Vf 50.0 51.0 55.0 50.0 53.0 35.0
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Figure 5.1. Variation in Stability with A/C.for 10-90 rates
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Figure 5.2. Variation in Stability with A/C for 20-80 rates
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Figure 5.3. Variation in Stability with A/C for 30-70 rates
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Figure 5.4. Variation in Stability with A/C for 40-60 rates
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Figure 5.5. Variation in Stability with A/C for 50-50 rates
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Figure 5.6. Variation in Stability with A/C for 60-40 rates
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Figure 5.7. Variation in Flow with A/C for 10-90 rates
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Figure 5.8. Variation in Flowbwith A/C for 20-80 rates
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Figure 5.9. Variation in Flow with A/C for 30-70 rates
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Figure 5.10. Variation in Flow with A/C for 40-60 rates
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Figure 5.11. Variation in Flow with A/C for 50~50 rates
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Figure 5.12. Variation in Flow with A/C for 60-40 rates
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Figure 5.13. Variation in P.U.W. with A/C for 10-90 rates
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Figure 5.14. Variation in P.U.W. with A/C for 20-80 rates
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Figure 5.15. Variation in P.U.W. with A/C for 30-70 rates
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Figure 5.16. Variation in P.U.W. with A/C for 40-60 rates
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Figure 5.17. Variation in P.U.W. with A/C for 50-50 rates
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Figure 5.18. Variation in P.U.W. with A/C for 60-40 rates
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Figure 5.19. Variation in Void Content with A/C for 10-90 rates

12.50 =
11.00 N | *
9.50 —

8.00 —

Voids %

6.50 —

5.00

3.30 I A R B N N B
20 25 30 35 40 45 50
A/ C

Figure 5.20. Variation in Void Content with A/C for 20-80 rates
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Figure 5.21. Variation in Void Content with A/C for 30-70 rates
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Figure 5.22. Variation in Void Content with A/C for 40-60 rates
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Figure 3.23.
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Figure 5.25. Variation in Voids filled with Asphalt with 10-90 rates
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Figure 5.26. Variation in Voids filled with Asphalt with 20-80 rates
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Figure 5.28. Variation in Voids filled with Asphalt with 40-60 rates
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Figure 5.29. Variation in Voids filled with Asphalt with 50-50 rates
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5.2.

Economical analysis

The wunit price of bituminous base course with the

position number 6200 is 34431 TL/ton. as explained below.
(7)
The unit price of scarification is 36075 TL/m3.
The unit weight of RAF is 2.415 ton/m3.
So, the unit price of scarification is 14938 TL/ton.
The hauling formula for the scarified material is:
F = 1.25xKx(0.0007%M + 0.01)% A

A=1.0 { Pos.No. 07.005/K ) (7)
K = 127000 ( Pos.No. 07.005/K ) (7)
M= 10 km. { assumption )
F = 2699 TL/ton.

The detail of the position number 6200 is as follows:
Pos.No. (7) Operations Unit Price

TL/TON

4244 Freparation of aggregates 2413
4256 Freparation of aggregates 2847
426571 Freparation of aggregates 6139
/365 Storage of bituminous material 5S4
4358 Heating of bituminous material 530
4366 Transhipment of bituminous material 137
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4378 Cleaning of the roads . 21

436371 FPreparation of bitumen {499

47398 Spraying of bitumen &4
4440 Freparation and spreading of

the mix in the plant 21699

42469 Weighing of material 28

TOTAL = 34431

Analysis of the unit price of RAP material:

The co=1. of the operation of the aggregate drying machine
for 0.0125 hours is 4536774 TL according to the position

number 1910 which appears in pos.no. 4440
An example for 10 % usage of RAF material is given below.

{(Scarification + hauling)? % 0.10 + (34431 - 5710 +
5976 ) ¥ 0.90 = 32992 TL/TON.

The cost of preparation of hot mix bituminous base lavyer
is 34431 TL/TON and taken from pos.no. &200.

The cost of drying of aggregate is S710 TL)TDN and taken
from pos.no.1?10.

The cost of heatirc of new aggregais iz _alculated as
follows:

The cost of heating from 25°C to 175°C is 5710 TL.

5710/175-25 = 38 TL/°C for 1 °

€ increase (assumption).
The cost of heating For raising the temperature of

aggregates 157°C (182-25) is : 38 ¥ 157 = 5974 TL/TON.
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Heating temparatures are taken from "Hot-Mix recycling

manual " (S5).

The others were done by the same manner and the results

are given in tables S5.12. , S.13. ,5.14.

The costs of scarification, hauling and heating of

the reclaimed materials for different initial moisture

ZChRtEnLs 2 a

n

s..owh in table 5.8., 5.9., 5.10.

The comparison of the costs of conventional and
recycled base courses Ffor different initial moisture

contents are shown in tables 5.1Z., S5.13., 5.14.
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Table 5.9. Determination of the cost of RAP for 5 % moisture

2 % moisture

content
OLD TEMP . SCARIFICATION HAULING HEATING
% oC TL/TON TL/TON TL/TON
10 182 14938 2699 5976
20 221 14938 2699 7461
30 274 | 14938 2699 9479
40 341 14938 2699 12029
50 438 14938 2699 15722
60 500 ¢ 14938 2699 18082
Table 5.10. Determination of the cost of the RAP for
content
OLD TEMP. | SCARIFICATION HAULING HEATING
% 2C TL/TON TL/TON TL/TON
10 171 14938 2699 5710
20 196 14938 2699 5710
30 232 14938 2699 7880
40 277 14938 2699 9593
50 343 14938 2699 12105
60 405 ¢ 14938 2699 14465

—63—



Table 5.11. Determination of the cost of the RAP for 0 % moisture

content
OLD TEMP. SCARIFICATION e HAULING | HEATING
% oC TL/TON TL/TON TL/TON
10 163 14938 2699 5710
20 182 14938 2699 5710
30 207 14938 2699 : v6928
40 238 14938 2699 8108
50 282 14938 2699 ‘9783
60 341 ¢ 14938 2699 12029

Table 5.12. Comparison of the costs of conventional and recycled
base courses for 5 % moisture content

OLD COST OF BITUMINOUS COST OF RECYCLED
BASE COURSE BASE COURSE
% (TL/TON) (TL/TON)
10 34431 32992
20 34431 32473
30 34431 32031
40 3443; 31504 B
50 34431 31040
60 34431 29303
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Table 5.13. Comparison of the costs of conventional and recycled
base courses for 2 % moisture content

OLD COST OF BITUMINOUS | COST OF RECYCLED
BASE COURSE BASE COURSE

% (TL/TON) (TL/TON)

10 34431 32752

20 34431 31072

30 34431 30912

40 34431 30043

50 34431 29232

60 34431 27857

Table 5.14. Comparison of the costs of conventional and recycled
base courses for 0 % moisture content

OLD COST OF BITUMINOUS | COST OF RECYCLED
BASE COURSE BASE COURSE

% (TL/TON) (TL/TON)

10 34431 32752

20 34431 31072

30 34431 31542

40 34431 29152

50 34431 28071

60 34431 26882
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CHAFTER &

CONCLUSIONS AND RECOMMENDATIONS

As it is evaluated in chapter 5, the increasing use
of RAF material improves stability of the mix. This is the

most important result observed in this study.

Although 60 7Z use of RAFP material gives the highest
stability and acceptable values for flow, practical unit
weight, wvoid content and voids Filled with asphalt
according to the specifications, it cannot be said that
this 1is5 the most economical solution. Because there are
several other factors influencing the economy of this
technique. Therefore, an economical analysis is performed
in order to achieve an opinion about the economy of the
recycling technique. However, the use of RAF material more
than &0 Y causes an increase in the existing asphalt
content and this means that the RAF material can be used
in the recycled mixes requiring higher amount of asphalt

such as wearing and binder courses,

In the economical analysis, for O %Z initial moisture
content, &0 % use of RAF material provides the most
economical solution. BRecause, the cost of conventinal
bituminous base course is 34431 TL/ton. and the cost of
recycled bituminous base course is 2&6BBZ TL/ton. for this

rate of use,
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3

For 2 Z and S5 % initial moisture contents, 60 4 use
of FKRAF material provides the most economical solution.
Because at this rate, although the cost of conventional
bituminous base course is 34431 TL/ton, the cost of
recycled bituminous base course is 27857 TL/ton. and 29303

TL/ton for 2 Z and S % respectively.

Increasing usage of FAFP material decreases the total
cost depending on the unit price which is 38 TL for 1 oC
temperature increase. This unit price is an assumption and

can be discussed whether it reflects the reality or not.
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