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ABSTRACT

The occurrence of permanent deformation in the wheelpaths of asphalt concrete
pavements reduces the overall rideability of the roadway and can create unsafe
conditions for the motcring public. This permanent deformation, or rutting, is
becoming a greater concern to highway agencies as truck tire ioadings and traffic
volumes increase and the occurrence of rutting becomes more of a widespread
problem. This increased concern over the occurrence of pavement rutting has
lead to the need to quantify the extent that the binder affects the permanent

deformation characteristics of ¢n asphalt concrete.

The objective of this study is to examine the role of the asphalt binder properties
in terms of the permanent deformation of asphalt concrete. Binders investigated
include conventional petroleum asphalt grades specific to Alberta, recycled

asphalt and two polymer modified asphaits.

This study was divided into two main portions, each considered as a separate
stage. One stage looked at in-place field performance of asphait concrete and the
other involved a laboratory testing and evaluation program. Both stages of the
study examined the permanent deformation of the asphalt concretes and deveioped
models to describe the observed behaviour in terms of the material properties of

the mix, specifically of the binder.

The main finding of this study is that the difference in permanent deformation of
an asphalt concrete pavement constructed with 150-200A versus 200-300A asphait

grade can be expected to be up to 30%. The use of polymer modified asphalt



binders were found to reduce the observed pcrmanent deformation significantly, in
the order of 50% when tested at 25°C and greater differences when tested at higher
temperatures. As well the level of rutting of the Alberta highway system was
found to be serious only on the higher traffic corridors such as Highways 1, 2

and 16.

Vi
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CHAPTER |
INTRODUCTION

1.0 BACKGROUND

An asphalt pavement distress mode which is gaining increasing attention by
highway agencies world wide is permanent deformation in the wheel paths. This
wheelpath channelization, or rutting, is becoming increasing noticeable in western

Canada as traffic volumes and loadings both increase.

The occurrence of pavement rutting reduces the overall rideability of the
pavement. The problem is amplified during wet weather when water depths in the

wheelpaths can be sufficient to cause hydroplaning, especially at highway speeds.

Past reseaich work has been relatively extensive, examining theoretical properties
in order to predict field performance, correiating theoretical work with field
observations and investigating field performance relative to conventional mix
properties. Past works have examined the role of each of the pavement structure’s

constituent materials and physical properties to give an insight into the deformation

mechanism.

Rutting is the result of the accumulation of small deformations in either the base
or subgrade materials or by the instability of the asphalt concrete mix itself or a
combination of the two. The problem of base deformation results from an
underdesigned pavement transferring excessive loading to the support materials and
can be considered a structural design problem. Rutting due to the instability of

the asphalt concrete is a problem that must be addressed at the mix design stage,
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by considering inherent material properties, the physical properties of the mix itself
and the magnitude and number of l|oadings to which the pavement ‘s to be

subjected.

It is important to understand the influence of the various mix components and of
the physical properties of the mix so that proper engineering desigr can be
carried out to minimize the risk of premature rehabilitation needs, due to
excessive rutting. The problem of rutting is further hightighted when an otherwise
sound pavement structure requires rehabilitation because of the permanent
deformation caused by the inability of the asphalt concrete to resist tne applied

loading.

Within Alberta Transportation and Utilities, mixture design follows the Marsha.:
method of mix design as described by thie Asphalt Institute’'s Mix Design for
Asphalt Concrete and Other Hot Mix types, Manual series 2. While these
procedures are accepted industry practice., and the Alberta Transportation and
Utilities Laboratory has demonstrated competence in performing the cesign
procedure, recent studies have shown that there is no apparent reiationship between
Marshall stability and the ultimate resistance of the mix to permanent

deformation’.

it is because of this inability of standard te-. procedures or material
characterization methods to provide sufficient guidelines that further research is
required in order to provide highway engineers with the tools for improving

pavement performance in this area.



1.1 Research Objectives and Scope

The objective of this research is to examine the role of the asphalt binder
properties within the overall mechanism of permanent deformation of asphait
concrete pavements. Binders investigated include conventional petroleum

asphaits, polymer modified asphaits, and recycled asphalt binders.

The main focus of the research is the binder influence on deformation mechanics;
however all contributing factors have been analyzed. These factors include

aggregate characteristics, in-place mix characteristics, mix design characteristics

and traffic and climatic conditions.

Specifically stated, the objectives of this work are as follows:

1. To determine the influence of the binder rheology on the permanent
deformation characteristics of asphalt concrete mixes.

2. To determine the physical characteristics of recycled asphalt mixes in terms
of their resistance to permanent deformation compared to virgin asphait mixes
with comparable binder rheology.

3. To determine the effect of polymer modification to asphait in terms of
permanent deformation characteristics of asphalt concrete pavements.

4. To determine the influence of mix design and as-built parameters on the
permanent deformation of in-place asphalt pavements.

5. To examine the influence of temperature on deformation behavior, in terms
of asphalt stiffness.

The scope of this project includes a literature review, the review of forty selected
sites within the Alberta Transportation and Utilities roadway network and an
intensive laboratory testing program aimed at meeting the outlined objectives. The
projects examined represent a complete cross section of structure and material

types in various climatic settings throughout the Provinc2. The study was limited
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for the most part to those pavement structures which had never been overisyed

in order to reduce the variables involved.

1.2 Research Approach

The research conducted for this work was divided into two distinct stages. The first
examined in-ptace performance and compared it to known pavement characteristics;
the second related measured deformations from laboratory conducted repeated load

triaxial testing to the material characteristics of the asphalt concrete mixes.

A pragmatic approach was taken to the work to facilitate the implementation of
the findings. As a part of the first stage of the study pavement slabs were cut
from a section of rutted pavement to determine where the rutting occurred within
the pavement structure. The examination ot of th.s project showed rutting to be
predominantly in the asphalt concrete layers. Appendix A presents the

information for this initial work.

Following the work done with the pavement slab sections, forty project sites
were selected and historical design data and construction information collected.
The projects were inspected and measurements of rut depths obtained. As well,
core samples of the existing pavement were obtained at twenty eight of the sites
in order to determine current mix characteristics. Statistical analyses were
conducted on the assembled data in an attempt to determine those factors which

make a significant contribution to the observed rutting.

The second stage of the investigation, the repeated ioad triaxial testing, involved

the testing of over 200 individual samples to evaluate the influence of the binder
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and mix properties on the de‘-~rmation characteristics of the mixes. These samples
represented twenty four mixes. This work included samples formed in the
Laboratory and in the field. This allowed the comparison of laboratory and fieid

prepared mixes on the behaviour of the asphait concrete.

1.3 Thesis Organization

This thesis is divided into eight chapters and five appendices.

The first chapter presents the background to this research and the scope and
objectives of this work. As well a brief overview of the research approach is
presented. Appendix A presents the information found from the pavement slabs

taken as a preliminary part of the investigation.

Chapter |i discusses those factors affecting rutting as determined through a review

of the literature.

Chapter 1l describes the field work conducted for stage | of the investigation.
The project selection and collection of field data and historical data is presented

in this chapter.

Chapter |V presents the results and analysis for stage |. This includes . he
statistical analysis and model development for the field sites. Appendix B contains

the field site profiles and complete materials information for each site.

Chapter V deals with the design of the laboratory repeated |load testing program

for stage || of the study. The materials characteristics and mix design information
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for the labcratory samples are presented in this chapter. As well, the sample

preparation is discussed.

Chapter VI presents the results of the {aboratory testing and the subsequent
analysis of the results. Appendix C presents the laboratory testing procedure for
the repeated load triaxial testing. Appendix D presents the results of the field
formed test specimens and presents the analysis of the laboratory testing of

these specimens.

Chapter VII discusses the results from the two stages of the study and examines
the compiementary nature of the results. This chapter elso presents design
guidelines for consideration when selecting an asphalt cement grade to minimize

rutting.

in Chapter VIIl, conclusions are presented and recommendations dealing with

future work and implementation of the findings are made.

Appendix E presents a brief overview of the FOCUS data base program used for

the data mar.ipuiation and statistical calculations.



CHAPTER |
SOME APPROACHES TO PREDICTING PERMANENT DEFORMATION

2.0 INTRODUCTION

The problem of permanent deformation in fiexible asphalt concrete pavements has
been examined from numerous perspectives over the years. The recognition of
the loss of rideability and safety which accompanies rutting has prompted

concern and the need to incorporate such considerations in all design

methodologies.

Rutting reduces the serviceability of the road and can result in the need for
rehabilitation. As well, the occurrence of rutting presents safety concerns because
of the collection of water during wet weather which can cause hydroplaning and
because of roughness during lane changes. Lister? has suggested that rutting in

excess of 20mm constitutes the failure of the asphalt concrete pavement.

Some of the first publications addressing the rutting problem discuss the limiting
strain approach, which remains as an inherent part of current structural design
practice. This approach considers the vertical strains imposed on the subgrade and
fimits them by the structural design3. The purpose of this type of limiting strain
design is to prevent the develcpinent of rutting due to consolidation of base
materials. Rutting of this type is not a focus of this research, instead only the

actual deformations within the asphait concrete are being considered.

Approaches to predict permanent deformation within the asphalt concrete can be

based on theoretical behaviour, empirical data, or a combination of both. While
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this research has taken a more empirical approach, a review of both theoretical
and empirical methods 1s discussed briefly in this section in order to examine such

considerations.

2.1 Material and Mix Parameters

The two materials which make up the asphait concrete mix are the aggregate and
the asphalt binder. Aggregate gradation, texture and angularity and the binder
stiffness are the material properties that would be expected to have the greatest
effects on the resistance to permanent deformation. The stiffness of the asphalt
mix is a measure which gives an indication of the resistance to permanent
deformation and accounts for the the combined behaviour of ‘he binder aggregate
matrix; the stiffness value is dependant upon temperature and the duration of the

loading because of the visco-elastic behaviour of the asphait binder.

Stiffness of an asphait concrete can be measured directly, as for most engineering
materials. An estimate of the mix stiffness can also be made by considering the
stiffness of the asphait binder in conjunction with specific mix properties. Van
der Poel presented nomographs for determining binder stiffness based on
rheological properties of the binder. Modifications to these nomographs by
McLeod* allow their use knowing only the asphait’'s penetration at 25°C and either
the absolute viscosity at 60°C. or the kinematic viscosity at 135°C. Because an
asphalt's stiffness is dependant on time of loading, this time factor must be
considered as an input variable into the nomographs. For this investigation a
loading frequency of 1/s was used as the actual loading in the laboratory testing
and for consistency was also used for calculating stiffnesses for the field portion

of the study.
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In addition to the mate:ial characteristics, the mix a:so has certain characteristic;
whic! affect its ritting behav,or. A recent study bv Huber suggests thet voids
in the mineral aggregate (VMA), ai voids, asphalt content, voids filled and Hveem
stabinty all are s:gnificant m.«< charactaristics affecting the f.avement's resistance
to permanent deformation. The infiuence of *hese va ious mix characteristics on
rutting has been examined for the projects invertigated as a part of this study

and the results are reported in Chapter V.

A study undertaken by EBA Engineering for the Ci'y of Lethbridge, Alberta also
concludes the s‘anificance of the m: c.arici:ris .. specifically the design and
compaction parametersS, In the Lethbridge study, ise was made of Hveem
stability testing, creep testing, and repeated load triaxicl testing to help
characterize the various mixes investigated. The resuits of this testing led the
consultant to conclude that .nanufactured fines and larger topsize aggregates
contribute to increased rutting resistance. Additionally it was concluded that
recycled mixes and polymer modified asphalt mixes also improve the permanent
deformation characteristics. The data presented also showed a reduction in
permanent deformation under repeated load testing of approximately 20% between
a 150-200A grade asphalt and an 85-100 grade. The harder asphait grade was not

considered viable for use because of concerns for low temperature cracking.

2.2 Loadings

When examining the permanent deformation of asphalt concrete, the probiem
becomes one of a materiais response to an applied load. in the case of a highway

pavement, this loading comes as a moving wheel load which imparts a load for a
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sho-t duration. \arying vehicle sizes, axle configurations, and varying speeds all

contribu.e to increasing the con.piexity of the analysis®-8

As with mary civil engineeiing problems, the joading condition is often the
most difficult parameter to determine. As a result, simplifying assumptions are
used to allcw the engineer to perform the required analysis and evaluate the
pavement structure. In pavement design, the concept of the Equivalent Single
Axie Load ESAL) 1s used as a standard loading which represents 2 80 Kn absolute
ioad on a single axie with dual wheeis. Additionally the tire cortact area .s
usually considered circular and equal to the normal wheel ioad divided by the tire
pressure. The contact pressure is therefore commonly assumed to be uniform and

equal to the tire inflation pressure.

As the magnitude and extent of rutting appears to be on the increase, researchers
have begun to re-examine these basic, sirnplifying assumptions wkich have been
used in the past. The thrust of such research has looked at axle loads, tiie

pressures, and tire/pavument contact pressures.

Axle loadings have increased significantly over the past fcur decades and as a
result tire designs have changed to accommodate the increased l|oadings. An
Ontario study® suggests that in the order of 80% of trucks now use :adial tires
as opposed to bias ply tires. Additionally “super-single” tires which are less
expensive and give fuel savings'?® are currentiy being introduced into the North
American market. These newer tire types often use tire pressures in the order
of 50% higher than previous conventional truck tire pressures, (ie: 825 vs 550

KPa)' ',



M

Work by Marshek et al'? shows that contact pressures vary considerably
throughout the contact area, dependant on tire inflation pressure and tread design.
The tire pavement contact area has areas of discontinurtias as a result of gaps In

the .ire tread which results in pressure concentiations at border aiteas.

Research nas showr. that higher pressures and higher absolute loadings result In
increased pavement deterioration. Marshek'? aiso incorporated the tire pressure
diccontiqwuities within the circular loading area used in the BISAR program to
examine the distribution of stresses and strain: through the pavement. The work
suggests that tensile and shear strains increase w.th pressure, though the
distribution of the strains alsc varies for different tire inflation pressures.
Likewise, the tread influences the strain distribution with more uniform
distributions resulting from bald tires. The compressive strains are influenced more

by the tire load than the pressures.

RButting wnich occurs on a highway pavement is a combination of cumulative
compressive strains summed through the asphalt layer and of lateral displacement
of the mix caused by shear stresses. As a result, the combined influence of the

tire tread, pressure and total load all influence the rutting magnitude.

While the actual loadings may be impractical to determine for a specific
pavement site, n is important to understand the influence of loading on the
resuiting deformation. Theoretically based calculations of permanent
deformations using either elastic or viscoelastic theories can be used to illustrate

the effect of variations in load and pressure.
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2.3 Theoretical Methods

A pavement structure can be modelled as a layered elastic system for the
purpose of determining the stress state and resulting strains'‘. The permanent
deformation may be estimated based on the applied stress and the materials
properties. Because the deformation will vary with depth., a number of layers must
be seiected for this type of analysis, and the strains for each layer calculated.
The summation of esach layer's strain yields the total deformation exhibited by
the pavement structure. In order to determine material properties, testing such

as repeated load triaxial tests Or creep tests are required.

Calculations of permanent deformation can also be examined by considering the
structure as a viscoelastic material. The theory of viscoelasticity accounts for
the time dependant components and thus allows the direct calculation of permanent

deformation.

2.4 Empirical Methods

Empirical methods using laboratory tests to help illustrate the rutting potential of
various mixes have been reported by numerous researchers's-'% Morris'®, used
repeated ioad triaxial testing to model actual in-place rutting of a test road with
good success. The work undertaken in this study uses this type of testing in order
to both quantify rutting potential of different binder grades and to examine

rutting behaviour of different mix types.

The prediction of permanent deformation of asphait concrete pavements is really

a problem of determining loading conditions and material characteristics. As
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theoretical approaches are unable to account for all variations encountered in a

field situation, it 1s not realistic to expect accurate predictions from these

methods. In this study the approach followed resuited in the development of

relationships to explain the relative magnitude of the observed deformations

without any assumptions of material properties or deformation |laws.



CHAPTER Il
STAGE | - FIELD TEST SITES

3.0 INTRODUCTION

The field portion of this research, referred to as stage |, involved inspections of
forty highway sites within the Provincial highways network. The fieid work was
undertaken in an attempt to determine the contributions of the various
characteristics of the asphalt concrete pavement to the permanent deformation of
actual in-service pavements. The objectives for this stage of the irvestigation can
be specifically stated as follows:

1. To examine actual cross-sections of in-place pavements to
observe the deformation at the road surface.

2. To determine the location of the rutting within the pavement
structure.

3. To determine the extent of permanent deformation distress on
the Alberta Highway system.

4. To examine as-built materials characteristics, in conjunction with
traffic and climate, and to relate these to in-service behaviour.

5. To examine in-place material properties, in conjunction with
traffic and climate, and to relate these to in-service behaviour.

3.1 Project Selesction

The approach taken to address these stated objectives attempted to satisfy
statistical sampling requirements in order to allow meaningfui analyses of the data.
Therefore, the project seiection was based on obtaining representative sites which
covered a sufficient range for for each of the variables examined. Sites were

selected for high and low traffic volumes, thin and thick pavement structures,

14
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hard and soft asphait binders, and for all geographic locations representing the

range of climates in the Province.

It was felt that it would be desirable to omit overlayed pavements because of the
added variables/unknowns introduced by dealing with more than one pavement
structure, each with different characteristics and a different loading history.
Alberta Transportation and Utilities “Pavement Management System” (PMS)
database was used to make the initial project selection. A computer program was
written to extract those highway sectiors which had never been overlayed. from
this nitial list, projects were selected to obtain a range of material properties,
pavement structures, traffic volumes and geographical areas. Once this tentative
list of projects had been compiled, the historical construction data was obtained
and summarizea. Additional projects were c~mitted following a review of this
historical data if it was felt that too m +  ional veriables were introduced,
such as different aggregate sources, change: - .phailt supplier, or insufficient data

for a given project.

The selection of projects which covered a sufficient range of the variables
selected was necessary in order to allow meaningful anslysis to be conducted.
Forty project sites were inspected. These sites covered 8 significant range of
the various parameters with cumuiative ESAL’'s ranging from about 10000 to over
3.5 million, asphalt concrete thicknesses between 50 and 300mm, and asphait
binders with original penetration at 25°C from 160 to 317 (0.1 mm units). As
well, the sites were selected throughout the Province, from the south, north, east
and western extremes. Temperature values were then assigned to each of the
project sites based on July design temperatures as presented in the National

Building Code!'?9, The analysis, which is presented in the following Chapter,
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examined the role of each of the variables and the contribution each had on the

observed rutting.

from the final selection of projects, each was inspected and one Or more sites
selected. Each site was accurately cross-sectioned using a survey level and the
ruts were measured using a 1.8m straight edge. Table |llI-1 presents the projects

which were included as a part of the data base.

From the cross-sections obtained twenty eight sites were selected to obtain core
samples for laboratory analysis of mix characteristics. Additionally, to determine
where the deformation was occurring (ie: densification, shoving, or base
materials) nine sites were cored more extensively to allow the profile at the
bottom of the pavement layer to also be determined. The selected sites were
generally cored in each wheelpath and between the wheelpaths; the nine sites had

additional cores taken in the shoulder and at centreline locations.

3.2 Historical Data

3.2.1 Masterials

The review of the historical construction data allowed for the characteristics of
the as-built pavement structures to be determined. While it was noted that a range
of material properties were sought in the project selection, it should be pointed
out that the majority of the projects were constructed with an asphait equivalent
to a 200-300 penetration grade. Alberta Transportation and Utilities asphalt
supply sources were fairly consistent prior to 1978, though one source changed in

1972 resulting in a higher viscosity asphalt cement.
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Table lil-1 shows a summary of the historical asphalt test data for the selected
projects. Figure 111-1 presents the rheology information graphically and illustrates

the range being examined. Appendix B contains the detailed historical data utilized

for the analysis.

Aggregates used for asphalt pavements throughout the province have generally been
well graded gravels from glaciofluvial deposits. Some older projects utiiized
aggregate topsizes up to 25mm, though 16mm and 12.5mm topsizes are the norm.
Starting in about 1982 natural blend sands were used to open up the grading
band, increasing the VMA and allowing more asphalt cement to be used,
addressing the concern of durability. Figure 1I1-2 shows the band of g:rsdations

represented by the designs for the forty sites.

Alberta Transportation and Utilities mix designs follow the Marshall Method of
mix design. While some changes in testing procedures over the years has
resuited in some differences in properties measured, similar properties w~ere
consistently sought. Though previous procedures do bring some of the older -est
valves into question, no attempt was made to alter the historical data. The
analysis phase discussed in Chapter 4 considers mix design densities, stabilities,

flows, VMAs, air voids and asphalt contents.

3.2.2 Structure

Three typical pavemen fructure types exist in Alberta Transportation and Utilities
highway network and were examined in this stage. These are asphalt concrete
layed on granular base course (GBC) over prepared subgrade, asphalt concrete on

cement stabilized sands (soil cement} over prepared subgrade, and full depth
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asphalt concrete placed directly on prepared subgrade. Both structure types
which utilize base materials {(gran.lar or soil cement) were often constructed as a
staged process. The staged construction procedure involves the initial construction
of the base and prepared subgrade and a wearing surface of asphalt stabilized base
course (ASBC), with the final pavement then placed in subsequent years. (Note:

Soil cement structures are built almost exclusively using staged construction).

The projects included in the review were selected to cover the range of structural

types as well as varying thicknesses of structure.

3.3 Current InPlace Data

3.3.1 Materials

As it was considered important to determine the current in-place characteristics
of the pavement materials, an extensive field sampling program was undertaken.
Twenty eight sites were cored to obtain infor~ =>*ion on the current material
characteristics. Densities of the cored paveme: ~ere measured. The asphalt
was extracted and the Abson recovery method (ASTM D 1856 79) was used to
recover the aged binder. Rheology testing was conducted on the recovered asphalts
and gradations were measured for each of the tested samples. The results of this

testing is reported in the following Chapter.

3.3.2 Structure

The field sampling of the twenty-eight project sites allowed for confirmation of

the historical structural data. Each of the cores obtained was measured for
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asphalt concrete thickness. At each site that had SBC or soil cement (SC) base,
an exploratory hole was cored or dug by hand -~ order to confirm the base
thickness; this normally was done at a single hole for each site tested. The results

of these measurements are reported in the following Chapter.

3.4 Traffic

In Alberta, traffic volumes (average annual daily traffic,AADT), vary from a few
hundred to about 30000 vehicles per day when looking at rural highways and main

traffic corridors respectively. The proportion of trucks operating on these

roadways varies, in the range of 5-25%.

Generally, Equivalent Single Axle Loads (ESALs) are used to measure highway
loadings. This measure has also been adopted for this research. The ESAL
measures used were determined by Alberta Transportation and Utilities as reported
in their PMS database. The method used classifies trucks as either single unit or
tractor trailer combinations and uses factors of 0.56 and 1.37 for determining the
ESAL's. Projects with cumulative ESALs varying from about 10000 to over 3.5

million were selected.

3.5 Summary

This chapter has examined the approach taken to select projects for the field
portion of this study. The objectives for the field study were presented and the
philosophy for the selection of the project sites was discussed. This chapter
detailed the historical materials and structural data for the selected sites and

explained the field reconnaissance undertaken for collecting current data.
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CHAPTER IV
STAGE | - RESULTS AND ANALYSIS

4.0 INTRODUCTION

Though the project selection process was aimed at selecting projects with
uniform characteristics, most projects had specific characteristics which constituted
a special case. The most common problem with various sites was the difference
between lifts, because of the use of different materiais. As well, numerous
projects had more than one mix design reported and it was virtually 'impossible to
determine which specific design was applicable for the selected site. The final
approach taken utilized average values for the material characteristics to use in the

analysis; however all the rut depth measurements at the cross-section site were

used.

4.1 Field Test Results

The rut depths measured as part of the field testing program varied between 0
and 29 mm; however the average value was 4.6 mm. Table |IV-1 shows the
average of the rut depths measured for each site which were used in the
analysis. The low rut depths measured shows that rutting was not a significant

form of distress for the highways examined.

The surveyed cross-sections are contained in Appendix B. Examination of the
plotted cross-sections suggests lateral movement or shoving of the mix in cases
where rutting has occurred; this indicates that the rutting experienced is at least

in part due to instability of the asphalt concrete.

23
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Nine of the test sites were cored more extensively to allow the location of the
rutting to be determined; that is, whether the rutting was confined to the asphalt
concrete, or whether materials below the asphalt concrete also showed rutting to
be present. Cores were extracted across the roadway width. The core depth was
superimposed on the cross-section plot and the profile of the bottom of the
pavement established. The occurrence of rutting below the asphalt concrete layer
could then be noted. Figure IV-1 to IV-3 show these plots. It can be seen that
sites 7, 10 and 26 show some rutting has occurred in the lower materiais. It is
difficult to determine the percentage of the rut depth which can be attributed to
movement below the a .phalt concrete. In some cases it would appear to be
100% as for three ~f ne ruts in Figure IV-1, site 7; however for the nine
projects examined it would appear that the occurrence is minimal for the most part.
This is most cleaily rnted for Figure IV-3, site 39, which shows no significant

movement in the lower layers for this extremely rutted site.

The aim of this research was to examine only the rutting in the asphalt concrete
layer. The occurrence of rutting below this layer at some of the sites introduced
deviations from this objective. However it was not considered practical, nor
possible, to obtain sufficient data to determine the rutting in just the asphait
concrete layer for all of the selected sites. As a resuit, the measured overall
rutting was used as the dependant variablie in the correlations. Therefore the fact
that this measurement may not always be a true reflection of the asphait
concrete layer’s performance must be considered when interpreting the resuits.
However, based on the nine sites examined, the cross-section plots and the
pavement slabs discussed in Appendix A, it wouid appear that there is minimal risk

in interpreting the results incorrectly due to other rutting.



4.2 Test Results from Coring

The Abson recovered asphalt binders were tested for penetration {dmm © 25°C)
and both absolute (Pas ©® 60°C}) and kinematic {(mm/s @ 135°C) viscosities.
Multiple tests were conducted for each test site, for the various samples obtained.
Table IV-1 presents the average values for the sites tested. Figure 1V-4 illustrates

the range of binder rheology determined from the cores.

The degree of asphalt aging for the various projects was also examined. It was
felt that if the rheological properties of the binder were to be correlated to the
observed rutting, that the change of these properties, concurrent with loadings,
could be important. Changes in viscosities and penetration, calculated as %

retained penetration and viscosity ratio were included as additional material

variables in the analysis.

The aggregate gradation was obtained as a part of the Laboratory testing on the
retrieved cores. Figure IV-5 illustrates the range in giadations for each of the

tested sites. The actual gradation data is presented in Appendix B.
Measurements of the retrieved cores allowed the historical structural data to be
confirmed. Table IV-1 presents the average structural thicknesses determined for
the selected sites.

4.3 Analysis of Field Data

The analysis of the field data involved correlating the measured characteristics

with the observed pavement rutting. The observed rutting was considered as the
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dependant variable, with all other parameters considered as independant variables.
In order to examine the various parameters involved, all valid data were entered
into the Alberta Governmant's mainframe IBM computer system and stored in a
FOCUS?° database. The FOCUS “information control system” was utilized for

data handhing and statistical analysis and is explained in Appendix E.

The independant variables considered included mix design data, field quality
control data gathered at the time of the original construction, and materials data
collected from the cores taken for this study. As weli, measures cof temperature
suscentibility, stiffness, and changes 1n binder rheology were caicuiated and

included in the analysis.

Mcleod's* Pen-Vis number was calculated as the measure of temperature
susceptibility of the asphalt binder. The stiffness values w:-e determined from
Mcleod's* modified nomograph for binder stiffnesses. The temperature values
used for the stiffness calculations were those reported in the previous chapter.
A loading frequency of 1/s was used to be consistent with the asphalt concrete
mixes tested in the second stage of this investigation. Rut measurements were
made in the outside wheel path (OWP) and inside wheel path (IWP) for each lane
at each project site. For those sites located on divided highways, (sites
8,10,11,17,39), the rut data from tha travel lane only was used in the analysis.
The variablies which were loaded into the field database are shown schematically

in Figure IV-6.

As a first step in the analysis procedure the individual correlations of each
parameter to the measured rut depth was examined, as well as the cross

correlations to each of the other variables in the data base. Those variables
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which had extremely low correlations to both the rut depths {(dependant variable)
and to the other variables were discarded at this point. This resulted in a smaller

number of variables for consideration in the model development.

This initial examination of the correlation matrix for all of the variables was
followed by additional considerations of the identified parameters as various
cross-products and transformations. The cross-products examined were based on
the practicai significance of each of the variables. For exampie the product of
the temperature and cumulative ESAL's was examined as an indicator of the
combined influence of temperature and loading on the development of the
observed rutting. Additionally, lcg transformations of most variables were

considered to determine if they were better correlated to the permeanent

deformation.

The result of this selection process led to the development of a number of
empirical modeis containing the independant variables found to most significantly

influence the development of rutting in the highway system.

Because there was only Abson recovered rheology data available for the (8
projects which were cored, the observed rutting was examined in terms of the
design data (ie: data available at the design stage) separately. The resuits of this
analysis showed the: loading (daily cumulative ESAL’s) to be the most significant
contributor to the observed rutting. The original binder stiffness, which reflects
climatic data anc the rheology was the other significant variable which was brought

into the model. The model deveioped for the design data was:
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Rut depth = 2.6186 + 0.0060#(Daily Cumulative ESAL's) (1v-1)

- 0.0023%(Daily Cumulative ESAL’'s)*Log(Original Binder Stiffness)

The regression coefficient of 0.6737 (r2=0.4539, for this mouel indicates that only
45% of the variation in the data is explained by the model. The analysis of
variance (ANOVA) for this model, which utilized data from 35 sitas, is presented
in Table IV-2. The calculated F value is 2.97 which indicates the mode! has

lack-of-fit (L.O.F.) {probability s 0.05)26,

All of the variables were considered in the subseguent analysis, which recuced the
number of observations to 28 sites, corresponding to the sites which were corec.
The results of this analysis showed the stifiness of the Abson recovered
asphalts to be the most significant variable, in conjunction with the traffic
loadings. The model developed was;

Rut Depth = 2.9630 + 0.0076#(Daily Cumutative ESAL’s) (v-tn

- 0.0024#(Daily Cumulative ESAL's)*LoglAbson Stiffness)

This model had a correlation coefficient of 0.7898 (r2=0.6237) The calculate F
value is 1.58 which does not suggest any L.O.F. for the model (probability s 0.05)

The ANOVA for this model are shown in Table IV-3.

44 STAGE | - Discussion

This chapter has presented the resuits of the field reconnaissance. The field
measurements of rut depths on the 40 projects examined suggests a low incidence
of rutting throughout the province. The rut profiles, presented in Appendix B,

indicate that where rutting has occurred there is generally some evidence of the
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mix shoving. The coring program showed that some rutting is occurring .elow the

asphait concrete layer in a number of sites.

The model forms developed to explain the observed rutting measured at the sites
used in this study identifies loading and asphait stiffness as the significant
variables. The significance of the first model is that the inputs required are
available at the design stage. The model shows that for given loadings the
stiffness of the binder will influence the amount of rutting experienced. Chapter

VIl discusses the practical implications suggested by the models deveioped in this

Chapter.

The magnitude of the pure error of the measured rut depins tends to mask the
effects of some factors and must be noted. As well, other sign. cant
correlations which exist, such as the ACP thickness, must be considered. These
variables are not significant in models containing the cumulative ESAL's as a
variable partly because of the correlations each have to the loadings; however
they can be considered separately if care is taken to account for these secondary
correlations. The fact that mix characteristics were not included in the model does
not preclude their significance. The majority of the pavement sites in this
investigation had mix characteristics near the design values, which may have
affected the analysis. A significant range of mix characteristics was not a specific
goal of this project. However it should be considered when exam ning the
presented models, as the relationships are representative for the mix characteristics

examined.
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TABLE V-2 RUT PREDICTION MODEL USING DESIGN DATA

INTERCEPT 2.61869

MULTIPLE CORRELATION .67376

STD. ERROR OF ESTIMATE 3.03042

R-SQUARED .45395

VARIABLE MEAN STD. CORRELATION REGRESSION STD. ERROR  COMPUTED

NO. DEV. X VS Y COEFF. OF REG.COEF. T VALUE
1 11L6.794 1493.5940 .6196 .0060L090 .0010 5.8638
3 2175.898 2783.8833 .5680 -.002366Lk2 .0006 -4.2814

DEPENDENT
b 4.397 L.0726

RUT DEPTH = 2.6186857 + 0.0060L090* (Cumulative Daily ESAL's)

- 0.00236642*%(Daily Cumulative ESAL's)*Log (Stiffness)

ANALYSIS OF VARIANCE FOR THE REGRESSION

SOURCE OF VARIATION DEGREES SUM OF MEAN
OF FREEDOM SQUARES SQUARES
ATTRIBUTABLE TO REGRESSION 2 1091.7173 545.8586
DEVIATION FROM REGRESSION 143 1313.2288 9.1834
TOTAL 145 2L0L. 9460
Lack of Fit 35 643.7200 18.3922
Pure Error 108 669.5000 6.1991

F value = 2.97
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TABLE 1V-3 PREDICTION MODEL USING ABSON DATA

INTERCEPT 2.96304

MULTIPLE CORRELATION .78981

STD. ERROR OF ESTIMATE 2.6L4943

R-SQUARSD .62373

VARIABLE MEAN STD. CORRELATION REGRESSION STD. ERROR  COMPUTED

NO. DEV. X VS Y COEFF. OF REG.COEF. T VALUE
1 1160.038 1619.56391 .7516 .00769300 .0014 5.3816
3 2852.423 3873.7708 .7197 -.002k0128 .0006 -4.0179

DEPENDENT
L 5.038 4,2782

RUT DEPTH = 2.9630384L + 0.00769300% (Daily Cumulative ESAL's)

- 0.00240128*% (Daily Cumulative ESAL's) *Log (Abson Stiffness)

ANALYSIS OF VARIANCE FOR THE REGRESSION

SOURCE OF VARIATION DEGREES SUM OF ME AN
OF FREEDOM SQUARES SQUARES
ATTRIBUTABLE TO REGRESSION 2 1198.8315 599.4158
DEVIATION FROM REGRESSION 103 723.0085 7.0195
TOTAL 1056 1921.8401
Lack of Fit 25 244 .0085 9.7603
Pure Error 78 479.0000 6.1410

F value = 1.58
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CHAPTER V
STAGE I - LABORATORY TESTING PROGRAM

5.0 INTRODUCTION

As previously noted in Chapter |, the second stage of the investigation involved
a laboratory testing program conducted using repeated load triaxial testing
equipment. This testing program was designed to determine the influence of the
constituent components, of the asphalt concrete, on permanent deformation. The
objectives for this stage are stated as follows:

1. To isolate the specific influence of the binder rheology on the perrnanent
deformation of asphalt concrete mixes.

2. To examine the permanent deformation of recycied mixes under repeated
loading; specifically to compare the behaviour of the predicted rheological
properties of the recycied mixture to similar rheology of virgin mixes.

3. To quantify any improved characteristics of polymer modified binders in
terms of resistance of asphalt concrete mixes to permanent deformation.

4. To determine the influence of aggregate characteristics on the permanent
deformation of asphalt conciete mixes.

5. To examine the effect of temperature on permanent deformation, in
relationship to mix stiffness and asphal* temperature susceptibility.

6. To examine the variation in results between tests on field and laboratory
prepared mix sampiles.

The testing approach and material characteristics were determined to meet these

objectives within the constraints of the facilities and materials available for this

research.
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5.1 Testing Approach

While the work conducted for this stage of the investigation i1s aimed at meeting
the specific objectives stated, it is also intended to build upon previous woOrk In
this area. For this reason the testing approach folilows that of Hadipour'?s.
Hadipour utilized the repeated load triaxial test to attempt to simulate field
conditions. The loading conditions have been governed to some extent by the
limitations of the testing equipment. An applied vertical stress of 350 k®a and a
Ilateral confining pressure of 35 kPa were used. A loading time and rest time of
0.5 seconds each was used. These loading conditions are consistent with
Hadipour’'s previous work. The load was applied through pneumatic cylinders
controlled by elect: solenoids. The signal to the solenoids (0.5 s on/off) was
provided as a sr ‘~ave, the resuitant ioading curve ‘feit’ by the load cell was
approximately a u., oad build up time followed by approximately 0.3 s of
constant load, followed by an immediate drop off. This loading time represents
a vehicle speed of approximately 10 km/h'3, While this long loading time is not
realistic of highway traffic speeds it does reduce the required number of loading
cycles required to reach a specific level of deformation. A& detailed description

of the repeated load triaxial testing is presented in Appendix C.

The goal of the laboratory testing was to develop relationships between permanent
deformation and the binder rheology, the aggregate used and the test temperature.
It was also desired to determine the effect of the different binder types (virgin,

recycled and PMA).
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5.2 Materisls Characteristics

The materials utilized for the testing program represent asphalt concrete paving
materials used on two projects in the Province of Alberta. Two aggregate sources,
each with a different blend sand source, were used for the test mixtures. The two
aggregate sources were the Goose Lake Pit, near Calgary and the Blackfalds Pit,
near Red Deer. The measured properties of these aggregates are given in Table
V-1 with the gradations plotted in Figure V-1. For the recycled mixtures, two
<ources of reclaimed asphalt pavement (RAP) were used, one RAP source for each
of the aggregate sources. The aggregate data for the RAP material used is also
shown in Table V-1 and Figure V-1. Both RAF materials were reclaimed from
high traffic highways in Alberta because of eic~-sive *rog. (.- ghway 1:10,
East of Calgary, and Highway 2:26, North of Red Cleer). -S>th materials were

originally placed in the early 1970’s.

The asphailt binder materials used represent the full spectrum of premium asphaits
used by Alberta Transportation. These are 120-1504, 150-200A, 200-300A, and
300-400A grade asphaits. For this testing program the virgin asphalt cements were
supplied by Husky Oil Limited. The rheological properties of the binders are given
in Table V-2 while Figure V-2 illustrates these results with respect to the current
specifications used by Alberta Transportation for their asphait supply. It can dbe
noted that the lower viscosity binder grades were not inciuded in the (esting
program because there is virtually no use of these 'B’ grzde binder for highway
paving in Alberta. The binder characteristics of the RAP from Highway 1:10 ana
Highway 2:26 determined on material recovered using the Abson test procedure

(ASTM D 1856 73) are shown in Table V-2.
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Two polymer modified asphalts (PMA) were also used in the testing program, one
manufactured by Imperial Oil and one by Husky Oil. Both PMA products were
manufactured in 1987 and are samples obtained from the field during the
construction of test sections. The rheology data for the PMA binders are also
given in Table V-2. it shouid be noted that PMA binders generally do not
behave as Newtonian liquids at lower temperatures and therefore the test for
Absolute viscosity ?@ 60°C) shouid be done at a known shear rate to alilow
comparisons to be made. The testing of the Absolute viscosit. for the PMA
binders n this study were not conducted at specific shear rates and therefore

these viscosities are not a good indication of the material characteristics at this

temperature.

The binders in the recycled mixes were designed specifically to correspond to
specific virgin asphalt grades. To determine the characteristics required of the
virgin binders used to soften the recycled mixes, known logarithmic relationships
were used as shown in Figures V-3 and V-4. Bas'd on the values determined
from these plots, paving grades of virgin asphalt binders were blended in the
laboratory to obtain the desired asphalt blend. Using these blended asphalts, the
recycled mix samples were prepared with rheological properties similar tc those

of the corresponding virgin samples as shown in Table V-3 and Figure V-2

The use of soft virgin asphaits as the rejuvenating or softening agent in the
recycling of asphalt pavements is the general practice in Canada, though many
American agencies utilize special recycling additives. Alberta Transportation uses
virgin binders exclusively for recycling and, as previously stated, one of the
objectives of this work was to determine the physical behaviour of such mixes,

with respect to the theoretical rheological properties predicted.
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5.3 Mix Designs

Alberta Transportation conducted mix designs for the two projects from which
the aggregate and RAP materials were obtained for this investigation. The mix
designs were performed using the Marshall method of mix design as prescribed
by the Asphalt irstitute?'. Additional Marshall briquettes were also formed, at the
design asphalt contents, using the various asphalt grades used in this
investigation, 1n order to obtain stability values for these mixes. The design

data from this extra testing are given in Table V-4,

The recycled mix designs utilized the asphalt gradas avai ab'e in Alberta to obtain
a resultant asphait rheology in the range desired. Fo: th's research it was desired
to maintain the recycled asphalt rheology as similar as possible to that of the

virgin asphalt grades.

Mix design summaries are given in Figures V-5 to V-10. Each design summary
shows the design characteristics of the mix determined from the design curves.
The design curves are based on the best fit through four test results at each
asphalt content. The design summaries also show the design aggregate gradings

for the mix.

5.4 Testing Design

A factorial experiment was used as the experimental framework of the testing

program. The testing considerations for the previously stated objectives are given

telow:
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1. Use of binders with different rheologies.

2. Use of recycled mixes with predicted binder rheology simi'a to virgin samples.
3. Use of polymer modified asphalts.

4. Use of different aggregates.

5. Use of varying test temperatures.

These various considerations were then designed into the testing program as

follows:
Variable Range Levels
Binder Type conventional,PMA recycle 3

Binder rir-~jcey  120-150A,150-200A,200-300A,300-400A grade asphaits 4

Aggregate Blackfalds pit,12.5 mm / Goose Lake pit,16 mm 2
Temperature 25°,35° and 45°C 2 and
mid-points

These four variables were then considered at each of the levels indicated. Testing
was conducted with combinations of each level for the fouw ‘iables. For
example, the conventional asphalt was tested for each of the of the binder
rheologies at each tempera'ure and fcr both aggregate sources. This approach

resulted in the following number of tests.



Sample Description

Series

LG virgin {120-150A)
2LG virgin (150-200A)
LG Virgin (200-300A)
4LG Virgin (300-400A)
5LG PMA mix (Husky)
6LS PMA mix {Imperial)
LG R/V=25/75 (Equivalent
8LG R/V=25/75 (Equivalent
9ILG R/V=25/75 {(Equivalent
10LG R/V=25/75 (Equivalent
11LG R/V=50/50 (Equivaient
12LG R/V=50/50 (Equivalent
Sample Description

Series

1LB Virgin (120-150A)
2L8 irgin (150-200A)
LB virgin (200-300A)
aLB Virgin (300-400A)
5LB PMA mix (Husky)
6L8 PMA mix (Imperial)
LB R/V=15/85 (Equivaiei
8LB R/V=15/85 (Equivalsiit
9LB R/V=15/85 (Equivalent
10LB R/V=15/85 {Equivalent
11L8 R/V=35/65 (Equivaient
12LB R/V=35/65 (Equivalent

Goose Lake Pit

120-150A)
150-200A)
200-300A)
300-400A)
120-150A)
200-300A)

Blackfalds Pit

120-150A)
150-200A)
200-300A)
300-400A)
120-150A)
200-300A)

Number
of Sampiles

(9 .amples)
(12 samples)
(3 samples)
(6 samples)

(6 samples)
(6 samples)

{9 samples)
(12 samples)
(9 samples)
{6 samples)
(3 samples)
(3 samples)

Number
of Samples

(9 samples)
(12 samples)
(9 samples)
(6 samples)

(6 samples)
(6 samples)

(9 samples)
(12 sampies)
(9 samples)
(6 samples)
(3 samples)
(3 samples)
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Testing triplicate samples, the total number of 102 X 204 (mm) samples = 180 for

this

comparative testing, the field sample program is discussed in Appendix D.

testing design.

Field samples were prepared

in addition

to these for
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6.5 Test Specimens

The asphalt concrete specimens used for the testing program were formed
102mm in diameter hy 204mm using a California kneading compactor. The
specimens were prepared to result in uniform densities throughout and with air
voids in the 3 - 4% range. Air void determination was based on properties

determined from Marshall designs performed on each of the mixes.

Because it was felt that uniform sample density would contribute to more
uniform test results, trial and error was used to determine the best procedure to
result in uniform density throughout the sampie. Following previous sample
preparation work of this type by Alberta Transportation, the procedure utilized
required approximately 4.1 Kg of mix compacted into the 102mm X 204mm split
molids using the California Kneading compactor. The first third of the mix was
compacted using 25 blows at 1.72 MPa (250psi), 656 blows at the same pressure
on the second third of mix, and 110 blows at 3.45 MPa (500psi} for the final
third. The number of blows did vary for some of the mixes to obtain a uniform
target density. It can be noted that the mixes used for these trials required less
compactive effort than those utilized in Hadipour's'% work, and highlights the fact

that other mixes would need to be similariy evaluated.

Foliowing the sample formation, the density and height were measured and the
air voids were calcuiated. The formation of the field sampies is discussed

separately in Appendix D.
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5686 Summary

The design of the Labnratory testing program and the material considerations
have been presented in detail in this Chapter. The design data for the binders,
aggregates and mix characteristics were presented along with the design approach
for the actual testing program. The results of this testing program, and subsequent

evaluation is presented in the following Chapter.



TABLE V-1 AGGREGATE DATA

METRIC GOOSE LAKE JOHNSON RAP BLACKFALDS BALL RAP
SIEVES PIT BLEND SAND  Hw | PiT BLEND SAND HW 2
(C) (F) {c) (F)
16000 100 - - 100 - - - -
12500 - - - 98 100 - - 98
10000 6L 100 - 92 87 100 - 87
5000 33 8 - 69 L7 8¢5 - 66
1250 18 A - 42 24 L6 100 LS
630 14 33 100 35 19 36 99 38
315 11 26 97 27 1 27 88 23
160 7.9 18.6 28.2 20.2 9.1 19.7 21.8 4.7
80 5.5 L.2 8.6 15.4 5.9 16.0 6.7 10.7
FRACTURES 78 % 8L %
ABSORPTION 0.53 0.93
BULK S.G. 2.636 2.570

TABLE V-2 BINDER RHEOLOGY DATA

ABS KIN ATFOT
ASPHALT PENETRATION | VISC VISC | S.G. %2 LOSS PEN ABS VISC
(dmm) (Pa.s) | mm2/s dmm Pa.s
120-150A 142 113 320 1.029 | 0.249 83 257
150-200A 173 87.5 289 1.029 | 0.284 94 202
200-300A 273 L6.4 209 1.023 | 0.366 140 107
300-400A 373 28.6 172 1.021 | 0.705 181 76. 4
$C3000 too soft | 7.3 79 1.020 | 5.556 247 40.3
Husky PMA 160 %288 725 1.020 | 0.527 1 582
Imp. PMA 82 %798 874 1.013 | 0.645 L7 1402
RAP-HW 1 90 160 310 - 0.922 57 350
RAP-HW 2 6l 268 395 - 0.950 L3 610

* The shear rates for the two PMA absolute viscosities were not equal.
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TABLE V4 MIX DESIGN DATA
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SAMPLE BINDER DESIGN DESIGN MARSHALL MARSHALL DESIGN DESIGN
SERIES DENSITY % A.C. STABILITY AIR VOI1DS VMA

LG 120-150A 2,372. 5.4 9,200. 2.3 L.L 4.6

2LG 150-200A 2,366. 5.4 9,000. 2.2 L.6 14.8

3LG 200-300A 2,370. 5.4 9,700. 2.1 L.b 4.7

LLG 300-LOOA 2,375. 5.4 7,150. 2.0 L.2 14.5

5LG Husky PMA 2,371. 5.4 11,000. 2.3 b.2 14.6

6LG imp. PMA  2,375. 5.4 10,900. 2.4 L.0O 1L.5
7LG eq 120-150 . . . .

8LG eq 150-200

9LG eq 200-300

10LG eq 300-LOO

11LG  eqg 120-150

12LG eq 200-300

LB 120-150A 2,345, 5.9 10,500. 2.5 3.2 13.8
2LB 150-200A 2, 3hk. 5.9 10, 150. 2.3 3.2 13.9
3LB 200-300A 2,341, 5.9 8, 250. 2.0 3.3 1L.0
LiB 300-L0OOA 2,341, 5.9 7,900. 2.1 3.3 14.0
5LB Husky PMA 2,3L40. 5.9 12,550. 2.8 3.1 14.0
6LB Imp. PMA 2,335. 5.9 11,250. 2.9 3.3 14,2

7LB eq 120-150 2,327. 5.7 11, 400. 2.5 3.8 4.3
8LB eq 150-200 2,33A. 5.7 11,500. 2.4 3.5 b1

9LB eq 200-300 2,327. 5.7 9,950. 2.3 3.8 4.3

10LB  eq 300-400 2,338. 5.7 9,800. 2.1 3.4 13.9
17LB eq 120-150 2,350. 5.5 13,600. 2.8 3.3 13.3

12LE  eq 200-300 2,356. 5.5 12,600. 2.5 3.0 13.1

Note: ‘o extra Marshall Stability testing was done on the recycle LG
(Goose ke Pit) because of a shortage of material.

series
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CHAPTER VI
STAGE Il - RESULTS AND ANALYSIS

6.0 INTRODUCTION

15 Chapter presents the resuits of the repeated load triaxial testing, the results
of laboratory testing of the formed test specimens, and t‘he overall analysis of
the repeated load test data. The laboratory test results which further characterize
the test specimens are reported first, followed by the results of the repeated load
tests. The data analysis procedure is then presented, explaining the statistical
procedures used to interpret the test results. The actual analysis of the data is

then given, followed by a discussion of the results of the analysis.

6.1 Results

6.1.1 Materials Characterization

Samples from all of the various mixes were tested in the laboratory to further
characterize their material properties. Prior to being subjected to the repeated
load testing, densities of all samples were measured and the air voids calculated.
Foliowing the repeated load tests selected samples were tested to determine the
current asphalt rheology of the aspha't recovered using the Abson procedure.
The results of the rheology testing on the Abson recovered asphalt cements are
given n Table VI-1. The results show the 12.5 mm topsize aggregate from the
Bilackfalds Pit (LB series) has consistently softer characteristics than the samples
formed from the 16 mm topsize aggiegate from the Goose Lake Pit (LG series).

These differences in rheology between ‘equivalent’ grade asphaits for the two
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aggregate sources vary from minor (Samples S5LG and 5LB) to significant (Samples
10LG and 10LB). While no specific cause has been attributed to these differences
they must be conside .u when the permanent deformation data {recorded as percent

permanent strain) from the repeated load triaxial testing is examined.

The densities determined for the formed samples, the calcuiated air voids and the
calcu'--»d binder stiffnesses are reported in Table VI-2. The reported dens:ties
and voids can be c¢ npared to the m'x designs reported in Chapter V, which
indicate that 3! sample series are near tre design values. 7The binder stitfne ses
reported in Tabie VI-2 were calculated using MclLeod's method of determ i)
temperature susceptibility and using his modification to Heukelom's and Klomp's

version of van der Poel's nomograph for determining modulus of stiffness of

asphalt cernents?,

6.1.2 Repeated Load Test Results

The yeated load triaxial testing measured the permanent strain for each sample
at >us repetitions of the axial load. Results from each individual sampie were
recorded for the analysis of the data. For convenience, average strain values are

reported in this Chapter.

Each sample series (ie. 1LG, 2LG, etc.) represent mixes with the same
characteristics. Repeat tests were done for all series to allow for outlier test
results and to allow the calculation of the testing error at the analysis stage.
Figure VI-1 shows an example set of results for a series of tests (repeats)
conducted at a single temperature. This figure gives an indication of the variance

between the tests conducted or aples of the same mix. Samples which
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exhibited unusually large strains for no apparent reason (outliers) were removed
prior to the analysis stage. Figures VI-2 to Vi-5 show pilots for the average
strain results for each series of tests at each of the three test temperatures. The
numeric strain c:'a for the plots presented are given in Tables VI-3 to VI-7.
Examination of the strain data shows that strains varied from about 0.5% at 90000
load repetitions for the 6LG series (PMA) at 25°C to about 9% for the 4LB series
{300-400A asphalt grade) at the same conditions. At the higher temperature of
45°*C and at only 20000 load pulses the strains were about 1.2 and 11%

respectively for the same tv. » mixes.

Examination of the strain c.-ves also show the LB series of mixes consistently
underwent more strain than the LG ser ~s. While this at first may appear to be
a tunction of the aggregates, the differences noticed in the Abson rheology test

must be noted.

An overview of the results show that the strains increased markedly as the
temperatures increased. The temperature increases can be seen to have
significant affect on the calculated binder stiffness shown in Table VI-2. As
well the observed strain generally increased as the binder stiffness decreased
between grades, however this was not observed in all cases. Specifically the LB
series virgin asphalt grades at the 35° and 45°C test termperatures did not
consistently show increases c.rresponding to the softer asphalt ¢rodes. The
recycle mixes can be seen to have strained somewhat less than the virgin

samples while the PMA mixes underwent the least strain.
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6.2 Analysis

6.2.1 Approach

The analysis portion of the repeated load triaxial testing program was aimed at
meeting the six objectives, stated in Chapter V. In order to examine the various
parameters involved, all vahd strain data wn2re downloaded to the Alberta
Government’'s mainframe IBM computer system and sut equently loaded into a
database utilizing the FOCUS “Information Control System”; details of the data

handiing using tie FOCUS software are explained in detatl in Appendix E.

The FOCUS software includes a statistical analvsis package which was used to
determine numerous statistics required 10 interpret the data. The database was
constructed with measures of the binder rheology and stffness, aggregate

topsize, design and mix characteristics. Figure VI-6 shows the variables included

n the data base.

The objective of the analysis was to identify those parameters with a significant
influence on the strain observed in the laboratory. The approach taken involved
the development of empirical models to explain the observed strain in terms of
the various mix parameters. Regression analysis was used to build the empirical

models.

One of the assumptions of the method of least-squares is that the observations
have equal variance at each level. Examination of Figure VI-1 suggests that the
variance of the strain observations are not constant at each level, but rather would

tend to increase as strain increased. The variance was checked by examining the
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replicated tests and this showed showed significant changes in variance as the
strain increased. Since the least squares procedure requires constant variance, a

transformation of the dependant variable is necessary to stabilize variance.

Other researcners'5 '8 have successtully used togarithmic transformat:nns with
similar data to stabilize the variance and this transformation was conducted for
this  study. The resulting variance was improved, however it was still
non-constant. A graphical method which plots the log of the estimated standard
deviation (3) against the log of the dependant variable (strain} was used to find
an appropriate transformation??. The graphical method assumes a power relation
between the standard deviation, ¢, and the average strain val:e, the slope of the

plotted line then tells the value of the power for such a relationship.

Using this methogd a straight line plot was obtained for strains above 1.6%, or 1500

load repetitions for the data examined. At lower strains the variance of the data

was aiready relatively constant. The slope of the plot was calcuiated at 1.80 = 2

which corresponds to an inverse transformation for stabilization of the variance.

The data was then re-examined using only strain values for load pulses greater
than 1500. The 1/strain transformation applied to the strain data resuited in
constant variance (probability < 0.05). For the same data range the log(strain)
transformation gave constant variance at the 1% level (probability s 0.09) but not

at the 5% level.

All model forms were checked for L.OF. by examining the pure error and
lack-of-fit components of the residual mean squares?s, The pure error was

estimated from the replicated trials.
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A further check for lack-of-fit of the chosen mode! was conducted by examining
plots of the residuals. The residuals plotted against the predicted variable or any
of the component variables of the model should appear as a random scatter of

points. Any trends in the residual plots suggest dependence and inadequacy of

the chosen model?6.

6.2.2 Model Development

Following the approach presented in the pr<vious section models were developed

to explain the strain observed n the repeated load triaxial testing.

Each of the three binder types (virgin asphalt, recycied asphalt and poiymer
modified asphalt) were evaluated separately. For each of the different mix types
evaluated, a measure of the binder stiffness was found to be the single most
significant variable contributing to the observed strain. This was found to be

true for the relationships for both the log and inverse transformations of the strain.

The previous work of both Hadipour'3 and Morris'® support the use of the log
transformation as the dependent variable. The work presented by Hadipour does
not directly discuss the the question of variance of the dependant variable at
different levels. However Morris's work disc .sses the stability of the variance
and concludes that the log transformation results in the best form o. the dependant
variable. It was felt to be more desirable to use the log transformation and so
the significance of the two transformations was examined from an engineering
viewpoint. On the one hand it was considered that the calculated statistics
indicated that the inverse transformation of the strains was the best transformation

to stabilize the variance. Conversely, because previous work of this nature had
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shown acceptabie results it was felt that there was no reason to belivve that the
variance was not constant, thougit a low probability had been calculat:d. Based
on these considerations it was decided to use the log transformation for t e

model development.

The models dJdetermined for each of the binder types are presented in the
following sections, as are the models developed for the combined binder types.

Each section discusses the relationships suggested by the proposed models.

6.2.3 Conventional Asphalt Series Model

‘he best fitting model determined for the virgin asphalt samples (series 1LG-4LG,

1LB-4LB) was the folliowing:

Logle)= -.9521+0.5851#10g(N)-0.1079=iog(N)»ioglAbson Stiffness) (VI-I)

where € = permanent strain (%)
N = number of load applications
Abson stiffnass = calculated stiffness of Abson recovered binder

This model is presented as the best model determined for the data, nowever
some L.O.F. is still present. Table V!-8 presents the ANOVA for the model. The
r? value of 0.8732 for this model suggests a relatively good fit, and when the pure
error (s taken into consideration the r2 can be seen to be 93% of the maximum
r? possible. The F value for this model is 1.67 indicating L.O.F. (Probability <

0.05). Examination of residual plots did not indicate the model deficiencies.
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Possibilities to explain this statistical L.O.F. of the model are numerous. Variations
exist between .he Abson rheology of sirgle sampie sernies which were not
accounted for, variations of mix design characteristics between samples, variations
in stress levels due to ‘barreling’ of the cylindrical samples which were not

measureu, end effects and tilting, as well as unmeasurable differences In

aggregate between samples.

Though variations caused by such influences would be considered when examining
the pure error of the testing, it is possible that such factors would be required
to obtain a better mode! fit. As well, aggregate effects were examined in terms
of topsize and gradation. However other means of quantifying the aggregate may

be necessary to properly account for its influence.

Based cr the preceding discussion the obtained model fit appears to be reasonable,
and while it i1s recognized that the model does not explain all observed strains, it

identifies a very meaningful relationship.

The mode! presented shows the strain to be dependant on the number of load
cpplications, and on the stiffness of the Abson recovered asphait. The stiffness
value can be seen to act with the number of load repetitions. Both terms appear
reasonable based on mechanistic considerations. Their inclusion can be seen to

be valid, based on the significant ‘t' statisticc shown for the respective

coefficients.

UUsing a load repetition of 80000, and a temperature of 25°C, reductions in the
predicted strain of 11, 37 and 53% between adjacent asphalt grades can be

caiculated. The percent reductions are the greatest between 300-400A and
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200-300A and the least between 150-200A and 120-150A grade asphalts. The values
determined from the model give a clear indication of the relative effects of

adjacent asphalt grades.
6.2.4 Recycled Asphalt Model

Using the recycled asphalt hinder series (7LG _, 7LB-12LB) the following model

was determined.

Log (e} = -0.9519 + C.5634 log (N) (V=11
-0.7652+log(N)«log(Abson stiffness)
-0.0295+log(N)#log{Abson Stiffness)*iog(% RAP)

where = permanent strain (%)

number of load applications
son stiffness = caiculated stiffness of Abson recovered binder
RAP = percentage of reclaimed asphalt pavement in mix.

€
N
Ab
%
As with the mode! for the virgin mixes, the r2 of 0.8313 suggests a good fit and
again represents 93% of the fit possible based on the pure error caliculated. The

ANOVA for this model are given in Table VI-9.

The F value has been calculated to be 2.99, suggesting that the model has a

significant amount of L.O.F. (Probability s 0.05).

The considerations discussed in the previous section are also vahd for the
recycle mixes. As well the recycled mixes have the additional complication of
an additional variabie, the reclaim content. While the inciusion of the percent

reclaim in the model is supported by the previous work ot Hadipour'S and by the
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statistics of the analysis conducted for this portion of the study, the mechanistic
influence of the reclaim content 1s not c'ear. The following paragraphs discuss

the practical significance of the percent reclaim (% RAP).

One of the assumptions when designing recycied mixes is that the reciaimed
asphalt binder and the new binder used as a rejuvenator will flux together during
mixing and behave as a homogeneous binder. |f this total fluxing does not occur
during mixing, then it could be expected that the characteristics of the softer
material would influence the overall mix stiffness. However since the analysis is
accounting for the measured -rheoloqgica! properties (though not necessar:ty
representative of the physical behaviour of t'e mix e » RAP would have to

influence the mMmix in some aiternate way.

The possibility that the % RAP is nnt a causation variable must be examined.
Table VI-10 shows a correlation matrix with the % RAP and the binder rheological
properties. Of note are the correlations of the % RAP to the Penetration and
Viscosities of the designed binder compared to the Abson recovered binder. The
% RAP is significantly correlated to the Abson recovered asphait properties, but
not to the desigred binder properties. This observdtion raises the same question
of cause ar.; ¢ .ect; nowever the rev ew provides insight to the original question

o. whether the AP has a reai effect on the mi> behaviour.

The recycle mixes for this study were designed to have resultant rheologicai
properties similar to the various virgin asphalts utilized, hence since all ratios were
targetted to at least two resultant grades, no correiation is expected or possible.
After mixing, the aging which cccurred, as measured on the Abscn recovered

aspha!t cements, indicates a correlation to the % RAP in the mix. Previ: —a
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work?2* conducted on numerous field mixes specimens suggestec no correlation

of % RAP to the resultant asphait rheology.

Based on the pre~eding discussion it can be concluded that the causation question
1= 'mportant to the understanding of fluxing of asphalt cements during recycling,
but not necessarily for this study. The fact that there is a correiation between
the % RAP and the rheology of the Abson recovered asphalt suggests that the
apparent correlation ~f strain 1~ % RAP s caused by the resuiting rheology;

whether the resulting rheology Is actually a result of the % RAP will require

further evaluation.

Overall then, 1t 1= not clear specifically how the reclaim material contributes to the
observed strain. However, until a cause and effect can be determined the
reclaim content 1s the best measure available. Examining the presented model, the

influences of the binder stiffness and of the recliaim content can be examined.

Using the model determined, calculations show that strains will be reduced in the
order of 30-40% with the change from a 15% reclaim content to a 50% content.
Alternatively reductions in strain are indicated at about 60% for rheology
properties equivalent to a 120-150A asphalt cement as compar:d to a 300-400A
grade binder. These caicuiations show both the RAP content and the binder

stiffness exhibit significant affects on the predicted strain.

6.2.5 PMA Model

The third binder type, Polymer modif «d asphalt, inciluded sample series 5LG, 6LG,

5LB and 6LB. The model developed for these series differed from the previous
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two models in that the stiffness measurement which best explained the observed
strain was that ca culated based on the original rheoiogy. The previous twe models
included stiffness calculated based on the rheology of the Abson recovered

asphait. The mode! describing the behavicu of the PMA mixes was:

Log (€) = 0.6323 + .3618#10g(N)-0.0979+10g{N)*log(stiffness) (VI-Iil)

where € = parmanent strain (%)
N = number of load applications
Stiffness = calculated stiffness of oria nal binder

This model has an r? value of 0.8794 which is over 94% of the possible r? when

the pure error 1s corsidered. The ANOVA for this model 1s given in Table VI-Ii,

As indicated by the r? value, this mode: represents a relatively good fi'. However
the calcuie - statistic is .28 which indicates L.O.F. (Probab:lity s 0.05) for the
model. However, the fact that this model, for the PMA mixes, exhibits the best
fit of the three mix types may be significant. It suggests that as the binder
stiffnesses change (increases) substantially, other influences become relativery
less significant. This would then suggest that for all th.ee models there is still
some influence which is not being accountec for, and this infiuence is less for the

PMA mixes.

The model determined shows the influence of the b ~der calculated stiffness on
the observed strain. This is significant pecause it suggests that conventional binder
rheology tests, which are used for conventional asphalts, also can be used to

evaluate a PMA binder. This then allows the comparison of the PMA rheology
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to virgin asphalt rheology and as this data would indicate the observed strains a-e

significartly lower for the PMA mixes.

6.2.6 Combined Models

In order to evaluate the relative influences of the different binder types, analysis

was conducted using data from two mix types together. The virgin samples

were treated as the standard mix. The same model form determined for the

individual analysis was also found to be the best fit obtainable for the combined

data.

Virgin/Recycle Model

Using hcoth the wvirgin and recycle mix test results the ¢ 'lowing mode! was

developed:
Loy € = -0.9494 + 0.576G%Log(N) (Vi-1v)
- 0.1041*L.cgiNI*Logl{Abson Stiffness)
- 0.0135#Log{(N*LoyglAbson . ffness)«Log(% RAR)
where

€ = permanent strain (%)

N = number of load applications

Abson Stiffness = calculated stiffness of Abson recoverec binder
% RAP = percent reclaimed asphalt pavement in mix.

This can be seen to be of the same form as the model developed for tre recycle
mix alone. The ANOVA for this model is given in Table vi-12. The r? value of
0.8655 1s 91% of the theoretical maximum r2 The caiculated F value 1s 2.6,

which shows a L.OF. for this model (Probability < 0.05).
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The significance of the combined model given here s that i1t indicates similar
behaviour between the two different mix types, dependant on the stiffness value
and the reclaim conteat. The inclusior of the reclaim content 1n the mode! does

show that there 1s a different response expected for recycled mixes.

Virgin/PMA Model

The combined dat: from the virgin and PMA mixes was used to attempt to describe

the relative st-an characteristics of the two types of binders. The maoael

developed was:

togle) = -0.9119 + 0.4885«_ - (VI-V)
- C1"78«Log(N)*Log(S. *  :s) - C.1568«Dummy
where € - e it strain (%)
N = =r of load applications
Stiffr.c: = calculated stiffress of original asphalt

Dummy = dummy variable, -1 for virgin mixes, +1 for PMA mixes.

The ANOVA for this mocel are given in Table VI-12.  The r? of C.83000 for this
mode! is 934% of the maximum possible. The F value was calculated as 2.48,

indicating L.O.F. for this model t-robability < 0.05).

The need for the dummy variable in this model is very significant. it shows that
though :.~>th mixes are greatly influenced by the binder stiffness, there i1s some
fundamental differences in these influences. This difference may be a reflection

of the method used t¢ calculate the binder stiffness, which was developed for
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conventional asphalt cements if (his v the case the use of experimentally

determined stiffnesses may remove the need for the dummy variable.

6.3 S:age Il - Discussion

The results of the analysis of the repeated load testing examined in this Chapter

show binae  stiffness as the sigrificant variable in predicting th.. observed strain.

The analysis also showed that the RAP content played a role ir thz mix

deformation characte: 1cs, thougn the mechanics of this role were not Qua 'tit 2d.
While models were determined which could exptain ali of the observed
variations, significant results were obtained. Overall the binder stiffness was

shown to greatly influence the obsarved strain of the asphalt concrete samples.
Because this wes found for all n « types it allows comparisons to be made on

the basis of the rheological nrope. -es of the different binders.

The testing r.as generally show . that harder asphalts will strain less, though for
the rgin mixes the absolute value of trese d'* €s may not be tha: significant
from a practica. viewpoint. More significan terence .n strain values were
observed when comparing the rgin specimen’s strains to those experienced by the
recycie mixes and the PMA mixes. Based on this te .ng it can e seen that a
change to a recycle mix or to a PMA mix would re_uit in significant changes 'n
strain as opposed to changes to harder asphalt grades in the normal range. Both
the recycle and PMA mixes exhibited significantly stiffer rheologies, especially the
higher recycle ratios (11 and 12 series). The relative effect of the binder types
to strain was shown to be the v: jin mixes as least resistant, with recycle mixes

and PMA mixes exhibiting increasingly rnore resistance to permanent deformation.



TABLE Vi-1 ABSON RECOVERt O BINDER RHEOLOGY DATA

ABSOLUTE KINEMATIC
SER'ES PENETRAT I ON VISCOSITY VISCOSITY
(dmm, 25°C,5s) (Pa.s,60°C) (mm2/s,135°C)
1LG 78 58 53l
2.6 82 30: 483
J LG 133 127 330
LLG 188 85.6 261
5.6 111 761 1272
6LG 46 523 2095 |
7LG L4 'y 640
! BLG bl 537 582
| 9LG 103 188 364
| 10LG 103 kg k95
VILG 25 19343 3L07
12LG 50 1613 780
1L8 89 281 Lr 2
L8 1¢ 217
LB 182 95.2 282
LLB 221 67.4 235
9B 117 6L3 1247
6L8 84 1352 1205
LB 76 385 524
8LB 87 386 521
9.8 138 134 342
10LB 16« 104 278
T1LB 51 848 742
1208 102 203 369




TABLE VI-2 MIX CHARACTERISTICS AND STIFFNESS DATA

STIFFNESS (KPa)
Series Density Air Voids Virgir 3inder Abson 8inder
(Kg/m? (%)
L2°C  35°C L5eC 25°C 35°C L5°C
-.*__ —

LG 2352 3.6 | 392.0 58.9 15.0 1079.0 245.3 54.0
2LG 2395 3.5 S 29L.3 L9.1 1L.7 981.0 196.2 LO.2
LG 2401 3.3 117 7 34.3 7.8 4L90.5 73.6 19.6
LLG 2389 3.8 68.7 - L.7 225.6 - 16.7
rG 2391 3.5 294.3 - 19.6 686.7 - L6 .
.G 2477 4,2 882.9 Lg .| 3237.3 176.6
|

/LG 235) L.o 392.4 58.9 1L4.8 19F2.0 392.4 78.5
8LG 2383 L.o 294.3 9.1 4.7 1603.9 29L.3 49.1
G 2388 '3.0 117.7 29.4 8.8 5L9 .4 107.9 26.5
lioLe 2176 4.5 981.0 - 5.9 608.2 - 29.4
i LG 2374 5.3 - 58.9 - - 1962. -
oS 2389 boh Lo- 29.4 - - L90.5 -
. ILB 2335 4.0 | 392.0 58.9 15.0 | 981.0 166.8 39.2
. 2L8 2330 L. 29L4.3 49.1  14.7 686.7 117.7 27.5
L8 2347 3.6 117.7 34.3 7.8 206.0  49.! 10.8
LLB 2337 L.o 68.7 - 4.7 166 .8 - 10.8
S| 2338 L. 294.3 - 19.6 490.¢ - 29.4
5LB 2335 4.0 882.9 - 49 941 .8 - 50.0
!

'jLB 2334 3.7 392.4 5¢.9 15.0 1177.2 215.8 98.1
BLH 2333 3.7 29L.3 L9.1 4.7 882.9 147.2 37.3
gL 2340 3.6 981.0 24.5 6.9 392 .4 73.6 17.7
10L8 2330 L.o L9.0 - L.9 294.3 - 11.8
1'L8 2348 3.4 - 63.8 - - L9o.5 -~
1218 2346 3.5 - 24,5 - - Y17.7 -
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TABLE VIi-3 PERCENT PERMANENT STRAIN - VIRGIN LG SERIES

Temperature N LG 2LG LG LLG

25 10 0.177 (0.02) 0.206 (0.07) 0.287 (0.15) 0.501 (0.36)
50 0.317 (0.06) 0.394 (0.08) 0.526 (0.18) 0.70) (0.41)
100 0.394 (0.06) 0.485 (0.08) 0.649 (0.18) 0.797 (0.43)
1000 0.672 (0.05) 0.8LL (0.05) 1.160 {0.16) 1.225 (0.45)
5000 0.918 (0.06) 1.201 (0.0L) 1.694 (0.10) 1.791 (0.39)
10000 1.042 (0.08) 1.416 (0.11) 2.002 (0.04) 2.206 (0.33)
20000 1.187 (0.13) 1.710 (0.15) 2.355 (0.0W) 2.759 (0.26)
30000 | 1.268 (0.17) 1.905 (0..~ 2.487 (0.03) 3.183 (0.22)
L0000 1.329 (0.22) D 0L (0.21) 2.6:5 (0.03) 1523 :0.22)
50000 | 1.387 (0.25) 2. 1k] W0.29) 2.718 (0.06) 3.806 (0.24)
600" 1.452 (0.26) 2.234 (0.28) 2.891 (0.15) L.OL9 (0.28)
7000¢C 1.510 (0.28) 2.316 (0.32) 2.998 (0.21) L.268 (0.31)
80000 | 1.559 (0.31) 2.386 (0.36) 3.087 (0.26) L.496 (0.31)
90000 | 1.610 (0.33) 2.445 (0.40) 3.180 (0.30) L.709 (0.32)

35 10 0.361 (0.17) 0.L98 (0.16) 0.561 (0.01)

50 0.5u6 (0.19) 0.7k (0.17) 0.902 (0.0W)
100 0.642 (0.19) 0.857 (0.7 1.072 (0.07)
1000 1.066 (0.14) 1.376 (0.21) 1.861 (0.06)
5000 1.507 (0.20) 2.029 (0.35) 2.8L4 (0.02)
10000 | 1.810 (0.29) 2.460 (0.47) 3.663 (0.08)
20000 } 2.267 (0.47) 3.073 (0.70) L.608 (0.22)
30000 { 2.655 (0.62) 3.582 (0.96) 5.34L8 (0.28)
L£D00 | 3.027 (0.7%° L.C36 (1.25) 5.974 (0.35)
50000 | 3.388 (0.8¢6 L.LL0o (1.52) 6.380 (0.43)
60000 | 3.760 (0.99 L.780 (1.71) 6.769 (0.50}
70000 | 4.06% (1.07) 5.020 (1.77) 7.127 (0.58)
80000 | L.426 (1.19) 5.280 (1.88) 7-456 (0.66)
90000 | 4.B60 (1.37) 5.575 (2.00) 7.192 (0.17)

L5 10 0.528 (0.07) 0.655 (0.01) | 0.815 (0.0%) 1.000 (0.56)
50 0.851 (0.05) 0.987 (0.03) 1.261 (0.08) 1.344 (0.56)
100 1.003 (0.05) 1.182 (0.05) 1.509 (0.09) 1.555 (0.60)
1000 1.773 (0.09) 2.301 (0.15) 2.974 (0.07) 2.906 (0.99)
5000 2.927 (0.4k5) L.225 (0.11) 5.386 (0.27) 5.209 (1.51)
10000 | 3.823 (0.78) 6.111 (0.39) 7.0581 (0.56) 7.383 (1.18)
20000 | 5.337 (1.20) 9.L73 (1.82) 9.649 (0.50) 10.71 (0.05)
30000 | 6.841 (1.50) 10.37 (- ) 11.39 (0.42) 12.56 { -
L0000 | B.321 (2.70)

50000 | 9.316 (3.23)
60000 | 10.07 (3.43)
70000 | 12.80 ( - )

Bracketed values are standard deviation for the average strain values



TABLE Vi-4 PERCENT PERMANE! »TRAIN - VIRGIN LB SERIES

Temperature N LB ] L8 L8 Lre

25 10 0.254 (0.11) 0.257 (0.04) 0.307 (0.07) | 0.207 (0.27)
50 0.460 (0.17) 0.525 {(0.13) 0.538 (0.09) | 0.585 (0.10)
100 0.5L9 (0.20) 0.627 (0.14) 0.639 (0.10) 0.693 (0.11)
1000 0.829 (0.26) 0.985 (0.15) 1.035 (0.08) 1.186 (0.04)
5000 1.083 (0.21) 1.354 (0.16) 1.625 (0.10) 2.161 (0.52)
10000 1.245 (0.15) 1.608 (0.16) 1.904 (0.20) 3.029 (1.16)
20000 1.477 (0.00) 1.951 (0.15) 2.499 (0.4L2) 4.383 (2.35)
30000 | 1.651 (0.13) 2.203 (0.14) 2.997 (0.65) §.510 (3.46)
L0000 1.799 (G.25) 2.6 (0.13) 3.465 (0.91) 6.408 (4.37)
50000 1.929 (0. 36) ..592 (0.12) L.062 (1.30) 7.143 (5.15)
60000 | 2.045 (0.47) 2.767 (0.09) L.617 (1.74) 7.746 (5.78)
70000 | 2.162 (1.58) 2.930 (0.03) L.151 (1.85) 8.259 (6.31)
80000 | 2.277 (0.69) 3.097 (0.04) Lok12 (2.13) 8.701 (6.76)
90000 | 2.389 (0.81) 1,262 (0.14) L. 671 (2.38)

35 10 0.385 (0.03) 0.557 (0.14) 0.657 (0.23)

50 0.580 (0.05) 0.810 (0.14) 0.917 (0.28)
100 0.667 (0.0%) 0.928 (0.14) 1.039 0.30)
1000 1.163 (0 1.6L1 (0.14) 1.662 (0.41)
5000 1.927 (0 2.49) (0.19) 2.L95 (0.4B)
10000 | 2.660 "1.. 3,259 (0 31) 3.130 (0.57)
20000 | 3.986 (1.88) L. 3187 ' L.061 (0.74)
30000 | 5.30L (2.29) 5. 24, L.8L9 (0.95)
LO0OO | 6.804 (2.17) 5.927 5.565 (1.17)
50000 | B.634 1.38) 6.502 (0.80) 6.260 (1.45)
€£0000 10.79 (v.13) 7.021 (0.86) 6.997 (1.82)
70000 | 11.7% (0.08) 7.503 (0.91) 7.716 (2.20)
80000 7.959 (0.96) 8.473 (2.66)
90000 8.33° 'n.99)

L5 10 0.790 (0.35) 0.39¢ 26) 0.£50 (0.33) 0.865 (0.20)
50 1.041 (0.35) 0.71¢ 37) 1.016 (0.36) 1.266 (0.17)
100 1.195 (0.37) 0.907 .42) 1.236 (0.39) 1.811 (0.20)
1000 2.289 (0.55) 2.245 D.60) 2.666 (0.66) 3.092 (0.67)
5000 5.266 (1.60) 5.185 (0.78) 5.411 (1.47) | 6.259 (0.7V)
10000 | 8.222 (2.29) 7.574 (0.46) 7.497 (1.87) | 9.514 (1.12)
20000 | 11.67 (0.51) 10.75 (0.51) 10.20 (1.88) 11.83 (0.27)
30000 12.72( =)

L0000
50000
60000
70000

Bracketed values are standard deviation for the average strain values



TABLE VI-5 PERCENT PERMANENT STRAIN - RECYCLE LG SERIES

Temperature N 7S 8LG 9LG 101G

25 10 0.275 (0.28) 0.154 (0.06) 0.219 (0.08) | 0.100 (0.01)
50 0.380 (0.29) 0.263 (0.08) 0.361 (0.07) | 0.189 (0.01)
100 0.427 (0.30) 0.313 (0.09) 0.426 (0.06) | 0.230 (C OV)
1000 0.606 (0.35) 0.489 (0.11) 0.643 (0.07) 0.376 (0.01)
5000 0.758 (0.40) 0.637 (0.1W) 0.847 (0.09) | 0.506 (0.01)
10000 | 0.842 (0.4L) 0.720 (0.15) 0.971 (0.13) | 0.601 (0.02)
2000u | 0.938 (0.50) 0.820 (0.18) 1.148 (0.20) ] 0.717 (0.05)
30000 | 1.003 (0.5k) >.885 (0.21) 1.286 (0.26) | 0.789 (0.06)
L0000 | 1.053 (0.58) 0.937 (0.23) 1.403 (0.32) | ¢.84S (0.06)
50000 | 1.093 (0.60) 0.985 (0.26) 1.511 (0.37) | 0.890 (0.06)
60000 | 1.130 (0.63) 1.025 (0.30) 1.60L (0.41) | 0.928 (0.07)
79000 1.160 (0.65) 1.062 (0.34) 1.685 (0.45) 0.96) (0.07)
30000 | 1.191 (0.67) 1.099 (0.38) 1.7€65 (0.48) | 0.992 (0.07)
30000 | 1.229 (0.68) 1,142 (0.41) 1.832 (0.51) 1.008 (0.08)

35 10 0.388 (0.12) 0.347 (0.08) 0.320 (0.03)
50 0.552 (0.13) 0.505 (0.09) 0.485 (0.05)
100 0.628 (0.14) 0.568 (0.09) 0.541 (0.08)
1000 0.899 (0.16) 0.820 (0.10) 0.840 (0.11)
5000 'L 1k0 (0.22) 1.060 (0.16) 1.315 (0.03)
10000 1.304 (0.25) 1.2 (0.23) 1.657 (0.15)
2000¢ | 1.519 (0.31) 1.409 (0.36) 2.166 (0.32)
30000 | 1.684 (0.35) 1.539 (0.45) 2.594 (0.47)
Loooc | 1.814 (0.39) 1.642 (0.5L) 2.956 (0.59)
50000 1.921 (0.42) 1.736 (0.62) 3.27) (0.68)
60000 | 2.018 (0.u6) 1.817 (0.69) 3.576 (0.;:
70000 | 2.106 (0.49) 1.890 (0.76) 3.876 (0.75)
80000 | 2.188 (0.53) 1.961 (0.81) L.180 (0.77)
90000 | 2.272 (0.58) 2.032 (0.87) 4.510 (0.80)

L5 10 0.4L33 (0.15) 0.445 (0.15) 0.518 (0.18) 0.602 (0.18)
50 0.63k (0.12) 0.655 (0.18) 0.731 (0.19) 0.87) (0.15)
100 0.746 (0.11) 0.765 (0.20) 0.853 (0.20) 1.034 (0.10)
1000 1.291 (0.0k) 1.337 (0.~") 1.600 (0.31) 2.043 (0.35)
5000 2.204 (0.09) 2.316 (0.07) 3.119 (0.38) 3.877 (0.88)
10000 | 2.820 (0.18) 3.218 (0.23) L.359 (0.57) | 5.479 (1.15)
20000 | 3.900 (O.34) L.604 (0.82) 5.951 (0.88) 8.384 (1.295)
30000 | L.4B5 (0.71) 5.659 (1.26) 7.152 (v.19) 10.63 (1.41)
L0000 | 4.925 (1.22) €.581 (1.45) 8.154 (1.47) 11.39 (1.64)
50000 | 5.059 (1.29) 7.427 (1.55) 3.026 (1.73) 11.72 (- )
60000 B.214 (1.58) 9.809 (1.96)

70000 8.973 (1.59) 10.55 (2.12)

Bracketed values are standard deviation for the average strain values



TABLE VI-8 PERCENT PERMANENT STRAIN RECYCLE LB SERIES

Temperature N L8 L8 9L 8 F

25 10 0.271 (0.22) 0.153 (0.02) | 0.415 (0.15) T 0.01)
50 0.384 (0.23) 0.319 (0.06) 0.598 (0.20) J.06)
100 0.276 ( - ) 0.392 (0.06) | 0.679 (0.22) |« * (0.03)
1000 0.606 (0.20) 0.625 (0.08) 0.931 (0.18) , 0 o< (0.06)
5000 0.765 (0.15) 1.833 (0.07) 1.3 (0.21) 5 (0.11)
10000 | 0.873 (0.09) | 0.953 (0.07) 1.575 (0.25) | 55 (0.09)
20000 | 1.023 (0.01) 1.089 (0.05) 1 939 (0.30 361 (0.02)
30000 | 1.139 (0.11) | 1.176 (0.04) | :.202 (c.3¢, | ..784 (5.03,
LOOVO | 1.243 (0.19) 1.228 (0.03) 2.099 ( 3.082 ...08)
50000 1.343 (0.29) 1.270 (0.02) 2.243 (- 3.367 (0.09)
60000 | 1.Lk0 (0.38) 1.303 (0.01) 2.355 ( ) I 3.622 (0.08)
70000 ! 1.536 (0.47) 1.324 (0.01) 2.Lb40 ( - ) ) k.B4S (0.05)
80000 1.622 (0.57) 1.3k4 (0.02) 2.532 ( -) k.053 (0.01)
90000 | 1.710 (0.66) | 1.358 (0.03) 2.591 ( - ) | &.209 (0.07)

35 10 0.365 (0.05) 0.301 (0.08) | 0.529 (0.03)
50 0.568 (0.09) 0.4L64 (0.09) | 0.769 (0.05)
100 0.655 (0.11) 0.536 (0.10) 0.890 (0.05%)
1000 1.074 {0.27) 0.828 (0.13) 1.585 (0.05)
5000 1.627 (0.59) 1.169 (0.17) | 2.721 (0.09)
10000 | 2.048 (0.79) 1.417 (0.24) 3.690 (0.11)
20000 | 2.737 (1.12) 1.775 (0.38) 5.219 (0.19)
30000 | 3.396 (1.40) 2.045 (0.50) | 6.L19 (0.35)
L0000 | L.049 (1.91) 2.279 (0.61) 7.416 (0.50)
50000 | L.708 (2.37) 2.484 (0.72) | 8.284 (0.63)
60000 | 5.346 (2.85) 2.681 (0.82) | 9.078 (0.74)
7000C | 5.986 (3.38) 2.884 (0.92) 9.757 (0.84)
80000 | 6.658 (3.97) 3.091 (1.01) 10.35 (0.88)
30000 | 7.4001 (L.6k) 3.3k (1.09) 10.89 (0.89)

Ls 10 0.543 (0.03) 0.490 (0.04) | 0.220 (0.07) | 0.527 (0.03)
50 0.793 (0.01) 0.7%11 (0.08) 0.441 (0.10) 0.852 (0.06)
100 0.917 (0.01) 0.827 (0.09) | 0.57V (0.10) 1.066 (0.09)
1000 1.705 (0.09) 1.460 (0.02) 1.446 (0.07) 2.803 (0.70)
5000 3.351 (0.32) 2.482 (0.37) 2.992 (0.51) 7.034 (2.66)
10000 | 4.657 (0.47) 3.391 (0.76) 4.295 (0.86)

20000 | 6.L98 (0.54) L.9L? (1.38) | 5.898 (0.95)
30000 | 7.760 (0.55) 6.897 (1.04) 7.125 (1.00)
L0000 | £.455 (0.28) 9.653 (0.66) 8.'54 (1.00)
50000 | 9.027 ( - ) 10.54 ( - ) 9.083 (1.02)
60000 | 9.7k ( - ) 179 ( -) | 9.775 (0.82)
70000 | 10.46 ( - ) 12.99 {( -) 10.61 (1.07)

Bracketed values are standard deviations for the average strain values



TABLE VI-7 PERZENT PERMANENT STRAIN - PMA SERIES

Temperature N 5LG 6LG 5.8 6L8
25 10 0.145 (0.03) 0.075 (0.00) 0.177 (0.08) 0.111 (0.02)
50 0.260 (0.05) 0.142 (0.00) | 0.307 (0.10) | 0.207 (0.¢3)
100 0.315 (0.06) 0.175 (0.01) 0.366 (0.10) 0.2L42 (0.03)
1000 0.519 (0.07) 0.286 (0.02) 0.562 (0.11) 0.370 (0.04)
5000 0.695 (0.08) 0.356 (0.02) 0.705 (0.14) | 0.456 (0.02)
10000 | 0.785 (0.11) 0.385 (0.02) 0.780 (0.15) 0.484 (0.02)
20000 | 0.884 (0.15) 0.419 (0.01) 0.848 (0.17) |} 0.512 (0.02)
30000 | 0.964 (0.21) 0.437 (0.02) 0.881 (0.18) 0.525 (0.0)3)
L0o000 | 1.022 (0.25) 0.459 (0.03) 0.904 (0.19) | 0.536 (0.03)
50000 | 1.107 (0.33) 0.465 (0.0k) 0.92: (0.20) | 0.54k7 (0.0W)
60000 | 1.215 (0.47) 0.461 (0.02) | 0.936 (0.21) | 0.558 (0.0k)
70000 0.467 (0.02) 0.946 (0.21) | 0.568 (0.05)
80000 0.469 (0.02) 0.959 (0.22) 0.584 (0.07)
90000 0.472 (0.02) 0.969 (0.22) | 0.596 (0.09)
4s 10 0.529 (0.10) 0.356 (0.07) 0.537 (0.13) | O.4k34 (0.2V)
50 0.769 (0.17) 0.530 (0.03) 0.739 (0.11) 0.617 (0.21)
100 0.881 (0.20) 0.604 (0.01) 0.828 (0.11) | 0.694 (0.21)
1000 1.384 (0.36) 0.848 (0.09) 1.226 (0.05) 0.963 (0.21)
5000 2.135 (0.81) 1.017 (0.14) 1.710 (0.10) 1.194 (0.20)
10000 | 2.637 (1.17) 1.089 (0.17) 2.017 (0.21) 1.309 (0.19)
20000 | 3.152 (1.49) 1.176 (0.18) 2.391 (0.39) .26 (0.'])
30000 | 3.446 (1.61) 1.222 (0.20) 2.624 (0.51) 1.481 (0.15)
L0000 | 3.647 (1.b64) 1.263 (0.22) 2.805 (0.58) 1.526 (0.13)
50000 | 3.842 (1.65%5) 1.302 (0.24) 2.965 (0.61) 1.564 (0.13)
60000 | 4.021 (1.67) 1.335 (0.24) 3.112 (0.65) 1.597 (0.12)
70000 | L.178 (1.70) 1.366 (0.26) 3.321 {0.75) 1.634 (0.12)

Bracketed values are standard deviation for the average strain values



TABLE VI-8 STATISTICS FOR MODEL Vi-l
(Virgin Mixes)

INTERCEPT -.95219

MULTIPLE CORRELATION .93L4L8

STD. ERROR OF ESTIMATE . 10302

R-SQUARED .87326

VARIABLE MEAN STD. CORRELATION REGRESSION STD. ERROR COMPUTED

NO. OEV. X VS Y COEFF. OF REG.COEF. T VALUE
! L.ok3 .4709 .u4022 .58510590 .0105 55.9646
2 8.487 2.6959 -.4859 -.10799730 .0018 -59.1383

DEPENDENT
3 497 .2889

Log(e) = -0.95219225 + 0.58510590*L0G (N)

- 0.10799730%Log (N) *Log (Abson Stiffness)

ANALYSIS OF VARIANCE FOR THE REGRESSION

SOURCE OF VARIATION DEGREES SUM OFf MEAN
OF FREEDOM SQUARES SQUARES
ATTRIBUTABLE TO REGRESSION 2 L5.5557 22.77179
DEVIATION FROM REGRESSION 623 6.6116 .0106
TOTAL 625 52.1674
Lack of Fit 237 3.3518 0.0141
Pure Error 386 3.2598 0.0084

F value = 1.67

84



TABLE VI-9 STATISTICS FOR MODEL Vi-II
(Recycle Mixes)

INTERCEPT -.95196

MULTIPLE CORRELATION .91178

STD. ERROR OF ESTIMATE by

R-SQUARED .83133

VARIABLE MEAN STD. CORRELATION REGRESSION STD. ERROR  COMPUTED

NO. DEV. X VS Y COEFF. OF REG.COEF. T VALUE
] L.084 .kB24  .3209 .56350023 L0124 L5.4818
2 9.588 2.7301 -.5653 -.07651961 .0054 -14.1043
3 12.989 L.4357 -.6091 -.02956472 .0032 -9.2604

DEPENDENT
b .232 L3430

Log(€) = - 0.95196152 + 0.56350023%L0G (N)
- 0.07651961*Log (N) *Log (Abson Stiffness)

- 0.02956u472%Log (N) *Log (Abson Stiffness)*Log (3 RAP)

ANALYSIS OF VARIANCE FOR THE REGRESSION

SOURCE OF VARIATION DEGREES SUM OF MEAN
OF FREEDOM SQUARES SQUARES
ATTRIBUTABLE TO REGRESSION 3 74 .4L4591 24.8197
DEVIATION FROM REGRESSION 758 15.1067 .0199
TOTAL 761 89.5658
Lack of Fit 294 9.8958 0.0336
Pure Error L6k 5.2114 0.0112

F value = 2.99
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TABLE VI-10 CORRELATION MATRIX FOR RAP AND RHEOLOGY RESULTS

STATISTICAL PARAMETERS (N = 20)

VAR = 1 % RAP MEAN = 16.9000 STD = 16.4569
VAR = 2 Penetration (design) MEAN = 223.5000 STD = 94,1418
VAR = 3 Abs. Viscosity (design) MEAN =  69.2025 STC =  3k.3801
VAR = L Kin, Viscosity (design) MEAN = 235.6750 STD = 61.1749
VAR = 5§ Penetration (Abson) MEAN = 10L.7000 STD = 51.7942
VAR = 6 Abs. Viscosity (Abson) MEAN =~ 1319.1934 STD = 4257.4922
VAR = 7 Kin. Viscosity (Abson) MEAN = 602.3643 STD = 677.9246
SYMMETRIC CORRELATION COEFFICIENT MATRIX
IRAP PEN ABS KIN ABPEN ABABS ABKIN
SRAP 1.0000 ~-.1197 . 1482 .okg5  -.6197 .5266 .5884
(Virgin)
Pen -.1197 1.0000 -.8208 -.7113 .7735 -.2L9 -.35L4
Absolute . 1482 -.8208 1.0000 .9687 ~.7254 .2606 .37'9
Kinematic .0LSG5S -.7113 .9687 1.0000 -.6135 17175 L2767
(Abson)
Pen -.6197 .7735 -.7254 -.6135 1.0000 -.b139 -.5422

Absolute .5266
Kinematic .5884

. 2491 . 2606 L1775 -.b139 1.0000 .9874
. 3544 .3719 .2767 -.ELh22 .9874 1.0000



TABLE VI-11 STATISTICS FOR MODEL VI-iil
(PMA Mixes)

INTERCEPT -.63232

MULTIPLE CORRELATION .93781

STC. ERROR OF ESTIMATE .09685

R-SQUARED .87949

VARIABLE MEAN STD. CORRELATION REGRESSION STD. ERRCR  COMPUTED

NO. DEV. X VS Y COEFF. OF REG.COEF. T VALUE
L 4.079 .L737 .2038 .16189592 .0145 24.9393
5 8.4L32 2.8483 -.7505 -.0979680L 0024 -40.5954

DEPENDENT
6 .018 .2778

Log(€) = -0.63231725 + 0.36189592*L0G (N}

- 0.09796804*Log (N) *Log (Stiffness)

ANALYSIS OF VARIANCE FOR THE REGRESSION

SOURCE OF VARIATION DEGREES SUM OF ME AN
OF FREEDOM SQUARES SQUARES
ATTRIBUTABLE TO REGRESSION 2 16.2244 8.1122
DEVIATION FROM REGRESSION 237 2.2231 .0094
TOTAL 239 18.4475
Lack of fit 89 0.9671 0.0108
Pure Error 148 1.2559 0.0084

f value = 1.28
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TABLE VI-12 STAT!STICS FOR MODEL VI-IV
(Virgin/Recycle Mixes)

INTERCEPT ~.9L49L5

MULTIPLE CORRELAT:ON .93034

STD. ERROR OF ESTIMATE . 12694

R-SQUARED .86553

VARIABLE MEAN STD. CORKELATION RCGRESSION STD. ERROR  COMPUTED

NO. DEV. X VS Y COEFF. OF REG.COEF. T VALUE
N L.065 .477%  .3093 .57667267 .008A4 68 .6588
5 9.091 2.7685 -.5671 -, 10Lki333] .0016 -63.9685
6 7.131 7.2525 -.5427 -.0!35984 .0005 -25.2003

DEPENDENT
7 .351 .3L58

Log(e) = - 0.94945192 + 0.57667267*.0G (N)
- 0.10413331%Log (N) *Log (Abson Stiffness)

- 0.01359841%Log (N) *Log \Abson Stiffness)*Log (3 RAP)

ANALYSIS OF VARIANCE FOR THE REGRESSION

SOURCE OF VARIATION DEGREES SUM OF ME AN
OF FREEDOM SQUARES SQUARES
ATTRIBUTABLE TO REGRESSION 3 1h3.5473 4L7.8491
DEVIATION FROM REGRESSION 1384 22.3012 L0161
TOTAL 1387 165.84L85
Lack of Fit 534 13.8300 0.0259
Pure Error 850 8.471 0.0099

F value = 2.59
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TABLE VI-13  STATISTICS FOR MODEL VI-v
(Virgin/PMA Mixes)

INTERCEPT -.91192
MULTIPLE CORRELATION .94872
STD. ERROR OF ESTIMATE 11300
R-SQUARED .90007
VARIABLE MEAN STD. CORRELATION REGRESSION STD. tRROR  COMPUTED
NO. DEV. X VS Y COEFF. OF REG.COEF. T VALUE
| L.053 4717 .2580 ..LBB57605 .0093 52.7'78
2 7.202 2.6762 -.6179 -.10749453 .0017 -63.1238
3 - Li6 .8957 -.6004 -.15686083 .0045 -24,7792
DEPENDENT
L . 364 .3573

Log(€e) = -0.91191858 + 0.4BB57605*L0G (N)

- 0.10743453%Log (N) XLog (Stiffness) - O.15686083*xDUMMY

ANALYSIS OF VARIANCE FOR THE REGRESSION

SOURCE OF VARIATION DEGREES SUM OF MEAN
OF FREEDOM SQUARES SQUARES
ATTRIBUTABLE TO REGRESSION 3 99.3803 33.1268
DEVIATION FROM REGRESSION B62 11.0334 .0128
TOTAL 865 110.4137
Lack of Fit 328 6.5168 0.0199
Pure Error 534 4.5157 0.0084

F value = 2,48
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CHAPTER VIi
DISCUSSION

7.0 OVERVIEW

This study was undertaken to determine the contribution of the asphalt binder to
the permanent deformation of asphalt concrete subjected to repeatdsd loadings
under both laboratory and field conditions. The research examined conventional
asphalt binders, recycled asphait binders and polymer modified binders, As waell,
the mix design characteristics and the characteristics of the asphalt concrete were
inciluded in the analysis. The research was conducted in two distinct stages; one
which examined rutt:ng of in-place pavements, and one which examined the

behaviour of various mixes subjected to repeated load triaxial testing in the

laboratory.

7.1 Limitations of Analysis

The main focus of this study was on the binder influence on the permanent
deformation characteristics of asphalt concrete pavements. However as was
presented previously, the aggregate grading was also considered on a limited
basis and mix characteristics were considered in the analysis. The mix
characteristics were not designed into the experiment. All mix characteristics, for
both the laboratory sampies and the site samples were at or near targetted design
values. This lack of significant range in these characteristics could possibly have
resulted in other significant main effects or interactions not being observed

within the analysis conducted for this study.
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7.2 Stage | - Field Study

The field evaluation identified the loading and binder characteristics as
statistically significant in explaining the observed rutting in the field. The two
models presented in Chapter IV indicate that for 2500 daily cumulative ESAL's,
increases 1n rut depths from 10 to 20% are predicted for changes of a single
asphalt grade (from 150-200A to 200-300A). The caiculations for these values
utilized the rheology data for the virgin asphalts used in the repeated loading
portion of this study. The Abson values were averaged for the data available

and used to examine the changes predicted by the model.

While the predicted differences show significant percent changes, the absolute
difference is less significant. For example a moderate 10mm rut depth would
change to 12mm; a 30mm rut would increase to 36mm. Therefore the differences
are less dramatic than might be suggested by the percentages; however these
small differences would be important from a safety viewpoint at some borderline

cases.

7.3 Stage il - Laborstory Study

The laboratory evaluation presented in Chapter VI identified the number of
repetitions of load and measures of binder stiffness as the significant variables
for describing the observed permanent deformation, similar to the models

developed for the field data.

The relationships developed from stage Il of this investigation show changes in

strain of the same orcder of magnitude as the models determined in stage |. As
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for stage |l the absolute differences in strain of the asphalt concrete, from the
effects of adjacent grades of asphalts, is minimal. The differences resulting
from the use of PMA become much more significant as do recyclied binders which

exhibit stiffer rheologies.

7.3.1 Laboratory Testing of Field Formed Samples

Appendix D presented the data and analysis of the laboratory testing conducted
on the mix specimens formed in the field using asphalt concrete produced in a
recycling asphalt plant. The results of that portion of the testing program
showed that the deformation of these samples were also represented by models
in which the loading, stiffness of the Abson recovered asphalt, temperature and
percentage of reclaim material were the significant variables. This was the intent

of examining these mixes.

The field samples also showed less aging of the recycled mix than the laboratory
samples. This leads to the conclusion presented in the previous section, that the
%RAP is less significant than might otherwise be concluded; however the statistical
significance of the %RAP term in the field sample model shows that more work

is warranted to confirm the actual role of the RAP.
7.4 Field Versus Laboratory Results
The results of the two stages of this study are complimentary. Both the field

data and the Laboratory test data show the binder rheology to be a statistically

significant factor in terms of the amount of permanent deformation observed.
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Also, models deveioped for both stages of the study predict relative changes in

permanent defprmation of the same order of magnitude for adjacent asphalt grades.

7.6 Design Considerations

The resuits of this work offer practical guidance in the design of asphalt concrete

pavements for highway structures within the Province of Alberta.

When selecting the asphalt characteristics for a pavement structure the objective
is to optimize the high temperature stability and low temperature shrinkage
cracking characteristics of the pavement?3. The combined findings of the field
and laboratory stages of this investigation allow genera! guidelines to be proposed
for the selection of an acceptable asphalt grade. These guidelines are based on
the field data, which identified critical traffic loadings and the influence of the
binder, and the laboratory test data, which showed the specific influence of the
three binder types. Recycled binders are considered within these guideiines, only
in terms of the resulting rheological properties. Only polymer modified binders
with characteristics similar to those tested during this study should be considered
with respect to these guidelines. As well the limitations imposed by the range
of binders examined in this study in terms of temperature sus eptibility (ie: high
versus low viscosities) should be considered along with these suggested asphalt

grades.

The rational for the design guidelines is based on the models developed in the two
stages of the study. Models (IV-l) and (IV-ll) developed for the field data in
stage | show only slight rut depths (< 5§ mm) for daily cumulative ESAL's of

1370. For daily cumulative ESAL's of 2740 the rut depths become more major (<
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10 mm). For lower traffic volumes resulting in slight rutting, 200-300A asphalt is
adequate, a 300-400A would also be sufficient. For heavier traffic voiumes the
st.itfer 150-200A grade will reduce rutting and should be used, as expected ESAL's
increase 120-150A or PMA binders shouid be considered. The following are

sugnested as appropriate asphalt grades.

Suggested Design Grades

Design Life Traffic Asphalt Grade
(Cumulative ESAL's)
500,000> 200-300A or softer
500,000< >1,000,000 200-300A
>1,000,000 150-200A,120-150A, or PMA
Examination of the data presented in Chapter Iil (Table I1I-1) shows that numerous

roadways will not be subjected to high traffic loadings in the entire design life.
Other highways such as highway 1, 2 and 16, will carry over a million ESAL's
early in their life. Such observations should be considered in the selection of a
design asphalt grade such that, when possible, low temperature performance can

be optimized.



CHAPTER VIlI
CONCLUSIONS AND RECOMMENDATIONS

8.1 Conclusions

Stage | - Field Sites

The field stage of this study examined the in-place rutting of highway pavements
at 40 sites throughout the province. The sites examined were located in all
geographical areas, between each of the four borders. Traffic loadings varied
from about 10000 ESAL's to over 3.5 million ESAL’'s. The fieid study addressed
the severity of rutting throughout the province, and the location of the rutting
within the pavement structure. Models were developed to explain the observed
rutting in terms of traffic and the asphalt characteristics. Basca on the field stage

of the study the following conclusions can be made.

1. The field data shows that due to the low traffic volumes the majority of

Alberta highways do not have rutting as a major form of distress.

2. Based on the field data collected and the subsequent analysis and model
development, pavements subjected to less than 0.5#10¢ ESAL's over their

design life are not likely to experience significant rutting.

3. The rut profiles measured at each of the field sites show evidence of mix

shoving associated with the rutting, indicating an inability of the asphalt

concrete to resist the applied shear forces.
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4. The model!s developed to explain the measured rut depths at the field sites
were significant based on material properties despite the observations that

movement in the lower structural layers was present at a number of the sites

examined.

5. The temperature values utilized in the analysis of the field data were not
significant as main effects. The model developed based on the design data

includes the temperature data indirectly in terms of the calculated binder

stiffness.

6. The range of aggregate gradations examined were not found to have a
significant effect on the observed rutting. This suggests that in order to

improve rutting resistance the aggregate engineering must look at other

characteristics than just gradation.

Stage 11 - Laboratory Testing

The laboratory stage of this study utilized repeated load triaxial test equipment
to examine the relative permanent deformation ch--acteristics of asphait
concretes using four grades of virgin asphalt, two aggregate sources, four recycle
ratios and two polymer modified asphalts. Testing was conducted at 25°, 35°
and 45°C. Strain values measured for different mixes varied from abcut 0.5%
(21mm) a: 90000 load repetitions to over 12% (£24mm) at 30000 load repetitions.
The results obtained from the laboratory testing were used to develop various
models to explain the relative influence of the different material characteristics
on the permanent deformation of the asphalt concrete mixes. The l|aboratory

results and subsequent analysis allows the following conclusions to be made.
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The strain of the various mix samples measured during the repeated load
triaxial testing was significantly effected by the test temperature. This
illustrates the effect of the binder stiffness and the binder temperature

susceptibility on the resulting strain experienced by the asphalt concrete.

The !aboratory test program showed that the PMA mixes exhibited the lowest
percent permanent strain. The data shows that PMA mixes reduce the strain
levels in the order of 50% at the 25°C test temperature, compared to a

120-150A asphait concrete mix.

Based on the results of the repeated ioad triaxial testing, a change between
150-200A and 200-300A grade asphalt might be expected to reduce strains as

much as 30-40%. This is consistent with the field data.

Recycled mixes exhibited less strain during the repeated load testing than the
virgin asphalt mixes. While this appears to be directly related to the
influence of the resuviting rheology, the specific influence of the % RAP

requires further stuuv.

Because the rheology of the binder after the mixing process influences the
permanent deformation characteristics of an asphalt concrete, the aging of

the binder during mixing must be addressed.

The use of repeated load triaxial test equipment shows potential for
modelling the in place pavement performance in terms of permanent

deformation.
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8.2 Recommendations

In order to utilize the findings of this study and to build on the data collected,

the following recommendations are presented.

The design guidelines presented in the Chapter VIl discussion should be
adopted by Alberta Transportation and Utilities for consideration n the

design process.

Studies should be conducted to determine the cause of the increase binder

aging noted in the laboratory prepared recycled mixes.

Work should continue in the characterization of polymer modified asphalts,

specifically in terms of current conventional test methods.

The data collected for this study should be further utilized by Alberta

Transportation and Utilities and should be added to for further analysis.

Further work should be conducted tc examine the effect of agyregate
characteristics, particular to Alberta sources, on the permanent deformation

of asphalt concrete.

Further work is required with respect to determining meaningful temperature
measures at the various field sites in order to better describe the interaction

of temperature and loading in the field.
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APPENDIX A

PAVEMENT SLAB SECTIONS

Background

Two pavement sections were removed from the trave! lsnes at ..ilometars 9.0 snd
10.1 of the westbound lane of Highway 1:12. The slabs were cut the full depth
of the pavement using a concrete saw and the sections were removed using a
backhoe. As the sawing process is water cooled, the excess water made it
impossible to observe any subgrade deformation. However observations of the
siab layers made it apparent that the rut depths observed in the pavement
surface are the resuit of movement of the asphalt mix itself as the lower levels
were observed to be virtually undistorted. Figures A-1 & A-2 show the cross
sections traced from the slab sections removed from the roadway. Core
densities from the one siab section are also shown on the figure and indicate
little change in pavement density across the lane width. The core heights show
that the pavement wheel ruts can be aczounted for in the ACP mixture and suggest
movement of the mix with little accompanying volume change.

This project was overlaid in 1975, and had been originally paved in 1955,
Construction reports indicate that the top two lifts, piaced in 1975, utilized a
150-200 penetration grade asphalt while the two lower lifts incorporated 200-300
penetration grade asphalt,

The construction data is summarized in Tables A-1 and A-2 and represants the
historical data available. Abson extractions performed during 1987 allowed the
existing rheological properties and aggregate gradation to be Jjetermined. Each lift

of the pavement was tested individually and the resuits are shown in Tables A-3
and A-4,

Summary

This project provided the initial impetus for examining rutting which occurred only
in the asphalt concrete layer. The pavement slabs taken at the two locations
showed extensive movement was exparienced with the asphalt concrete resuiting
in the observed rutting.

The abson recovered binder from the top lift indicates that littie aging occurred
in the 11 years that the pavement had been in place; the lower lift was found to
be significantly harder than the top.



TABLE A-1 TOP LIFT PAVEMENT DATA

MARSHALL DATA CORE DATA
DENSITY| AIR 3 VMA | DENSITY| % COMPACTION| AIR VMA
vOIDS| A.C. v01DS
FIELD | 2326 2.7 6.3 15.1| 2302 99. 3.7 ‘5.9
DESIGN| 2300 L.} 6.5 16.4
AGGREGATE GRADING
SIEVES| 16000 | 10000 | 5000 | 1250 | 630 | 315 | 160 } 8o
FIELD | 100 81 62 34 22 15 i 8
DESIGN| 100 82 67 37 23 15 N 9
BINDER
ORIGINAL ATFOT
Absolute Penetration b 4 Absolute Penetration
Viscosity | @25 @ & Loss | Viscosity | @€ 25 @ &
Ave 60.6 189 £3 0.23 | 124k 110 59
s.D. | 2.5 5.4 - - - - Z
n 6 6 2 2 2 2 2




TABLE A-2 LOWER LIFT PAVEMENT DATA

MARSHALL DATA CORE DATA
DENSITY| AIR | & VMA | DENSITY| % COMPACTION! AIR | VMA
voiDs| A.C. vO1iD0S
FIELD | - - 5.2 - | 2268 98.9 - -
DESIGN| 2302 5.8 | 5.7 15.4
AGGREGATE GRADING
s1Eves| 20000 | 16000 | 10000 | 5000 | 1258 ~ 1 315 | 160 | 80
FIELD | 100 88 66 52 3k 15 N 9
DESIGN| 100 88 70 55 36 1 15 1 8
BINDER DATA

No binder data is available for this portion of the project constructed in 1956.
Alberta Transportation records do show that the binder was 2 200-300 penetration

grade asphait.
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STAGE | - SITE MATERIALS DATA
AND SITE PROFILES
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APPENDIX B

Stage | - Site Materials Data
And Site Profiles

This appendix contains the site materials data and site profiles for Stage | of this
study. Stage | involved measuring the cross-section profile and rut depths at
specific sites on Alberta highways, coring these sites to obtain mix samples and to
determine the actual structure, laboratory testing to determine the current in-place
materials characteristics and the review of historical records to determine initial
material and mix characteristics for the various sites.

This appendix presents a series of tables which give the mix data, aggrenate
gradings, asphalt rheology and measured rut depths for each site. The design and * eld
data are from historical records kept by Alberta Transportation. The 1987 data is from
the laboratory testing conducted on the specific sites cored for this investigation.
The Laboratory results represent average values from all cores taken at a given site.
The coring program generally involved extracting one core from each wheelpath, and
one core from between the wheelpaths. Additional cores were taken at selected sites
both to assure that there would be enough asphalt for testing and to examine the
profile at the bottom of the subgrade.

The site profiles are shown in Figures B-1 to B-14. Each site was profiled with a
survey level., The profiles were used to examine the shape of the rutied pavement.
In most cases it can be seen that shoving of the mix has occurred in conjunction with
the rutting. The site profiles also show the pavement structure as recorded by
Alberta Transportation’s Pavement Management System (PMS), the structures shown
in the tables are from measurements of cores.



TABLE B-1

118
SITE MATERIALS DATA

SITE: 1 PROJECT: 22:28 KILOMETER: 27.89

PROJECT DESCRIPTION: Jct highway 13 to Jct highway 39

FIELD -

1987 -

SIEVE
DESIGN
AS-BUILT
1987

MIX DATA
DENSITY (kg/m3): 2,375 STABILITY (N): 10,050
$ AIR VOIDS: 3.8 FLOW (mm) : 2.2
$ VMA: 13.6
% ASPHALT: 5.1
DENSITY (kg/m3): 2,365 CORES - DENSITY: 2,272
% AIR VOIDS: 3.8 2 AtR VOIDS: 7.6
% VMA: - % COMPACTION: 95.9
3 ASPHALT: 5.3
DENSITY (kg/m3): 2,270 AGE: 5 years
% AIR VOIDS: 6.3
3 VMA: 16.6
AGGREGATE
16000 12500 10000 5000 1250 630 315 160 80
100. 75 51. 33. 31.0 21.0 11.2 6.8
100. 80 57. L. 31.0 25.0 13.0 7.5
99. 90. 75 L8. 33. 30.3 21.3 11.7 7.4

ASPHALT RHEOLOGY

ORIGINAL

PENETRATION (dmm,25 C): 263
ABS VISC(Pa.s,60 C): 39.8

STIFFNESS (kPa): 78

STRUCTURE

TOTAL ASPHALT PAVEMENT THICKNESS
TOTAL BASE THICKNESS :

ABSON

PENETRATION (dmm,25 C) : 106
ABS VISC (Pa.s,60 C): 167
KIN VISC (mm2/s,135 C): 340

STIFFNESS (kPa): 343

RUT DEPTHS
: 200 mm AVERAGE: ¢ mm
230 mm RANGE: - ~m



TABLE B-2 SITE MATERIALS DATA

SITE: 2 PROJECT: 1A:02 KILOMETER: 10.14

PROJECT DESCRIPTION: Canmore to Jct highway 11X

MIX DATA
DESIGN - DENSITY (kg/m3): 2,462 STABILITY (N): 11,525
% AIR VOIDS: 3.2 FLOW (mm) : 2.6
3 VMA: 1 .b
% ASPHALT: L,?2
FIELD - DENSITY (kg/m3): 2 474  CORES - DENSITY: 2,344
2 AIR VOIDS: 2.4 % AIR VOIDS: 7.5
3 VMA: - % COMPACTION: 94.8
% ASPHALT: L.7
1987 - DENSITY (kg/m3): - AGE: 7 years
% AIR VOIDS: -
¥ VMA: -
AGGREGATE
SIEVE 16000 12500 10000 5000 1250 630 315 160 80
DESIGN 100. 72  50. 3. 28.0 20.5 12.1 9.7
AS-BUILT 88. 75  52. 33. 28.0 22.0 16.0 1C.9
1987 - - - -
ASPHALT RHEOLOGY
ORIGINAL ABSON

PENETRATION(dmm,25 C): 168
ABS VISC(Pa.s,60 C): 67.0

PENETRATION (dmm, 25 C) :
ABS VISC (Pa.s,60 C):
KIN ViISC(mm2/s,135 C):

STIFFNESS (kPa): 147 STIFFNESS (kPa):

STRUCTURE RUT DEPTHS

TOTAL ASPHALT PAVEMENT THICKNESS :
TOTAL BASE THICKNESS : -

AVERAGE: 0.0 mm
RANGE: O - O mm
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TABLE B-3
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SITE MATERIALS DATA

SITE: 3 PROJECT: 2A:08 KILOMETER: 10.72

PROJECT DESCRIPTION: Aldersydes to Dewinton interchange

FIELD -

1987 -

SIEVE
DESIGN
AS-BUILT
1987

MIX DATA
NENSITY (kg/m3): 2,350
X AIR VOIDS: 3.8
3 VMA: L. b
% ASPHALT: 5.2
DENSITY (kg/m3): 2,383
2 AIR VOIDS: .2
T VMA: 12.8
% ASPHALT: .3

%2 AIR VOIDS:

2
2
5
DENSITY (kg/m3): 2,35
"
% VMA: 13

STABILITY (N): 5,820

FLOW (mm) : 2.4k

CORES - DENSITY: 2,271
% AIR VOIDS: 6.7

%2 COMPACTION: 96.9

AGE: 12 years

AGGREGATE

16000 12500 10000 5000
100. 89. 74  50.
g6. 82. 76 5.
99. 90. 78 53.

1250 630 315 160 80
30. 23.0 20.0 115.0 10.0
29. 23.0 18.5 13.510.3
29. 25.0 20.0 15.4 11.3

ASPHALT RHEOLOGY

ORIGINAL

PENETRATION (dmm,25 C): 317
ABS VISC(Pa.s,60 C): 30.1

STIFFNESS (kPa): L9

STRUCTURE

TOTAL ASPHALT PAVEMENT THICKNESS
TOTAL BASE THICKNESS :

ABSON

PENETRATION (dmm,25 C): 156
ABS VISC(Pa.s,60 C): 78.8
KIN VISC(mm2/s,135 C): 236

STIFFNESS (kPa): 147
RUT DEPTHS
: 208 mm AVERAGE: 6.0 mm

- RANGE: § - 7 mm
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TABLE B4 SITE MATERIALS DATA
SITE: 4 PROJECT: 24:02 KILOMETER: 4.63

PROJECT DESCRIPTION: Jct highwey 23 to Bow River

MIX DATA
DESIGN - DENSITY (kg/m3): 2,347 STABILITY (N): 6,320
2 AIR VOIDS: 3.7 FLOW (mm) : 2.6
2 VMA: 1.2
$ ASPHALT: 5.4
FIELD - DOENSITY (kg/m?): 2,373 CORES - DENSITY: 2,258
£ AIR VOICS: 2.k % AIR VOIDS: 7.2
3 VMA: 13.5 % COMPACTION: 9L .5
% ASPHALT: 5.6
1987 -  DENSITY (kg/m 372 AGE: 17 years
% AIR VOIDS: 2.5
3 VMA: 13.5
AGGREGATE
SIEVE 16000 12500 10000 5000 1250 630 315 160 80
DESIGN 90. 80. 72 51. 30. 26.0 20.0 4.0 7.9
AS-BUILT 75. 66 L8. 32. 26.0 22.0 15.0 7.3
1987 9. 82. 69 L6, 28. 26.3 19.3 12.1 7.9
ASPHALT RHEOLOGY
ORIGINAL ABSON
PENETRATION (dmm,25 C): 266 PENETRATION (dmm,25 C): 127
ABS VISC (Pa.s,60 C): 32.9 ABS VISC(Pa.s,60 C): 89.1
KIN VISC(mm2/s,135 C): 226
STIFFNESS (kPa): 78 STIFFNESS (kPa): 196
STRUCTURE RUT DEPTHS
TOTAL ASPHALT PAVEMENT THICKNESS : 146 mm AVERAGE: 7.5 mm

TOTAL BASE THICKNESS : 200 mm RANGE: 6 - 9 mm



122
TABLE B-5 SITE MATERIALS DATA

SITE: 6 PROJECT: 24:02 KILOMETER: 7.96
PROJECT DESCRIPTION: Jct highway 23 to Bow River

MIX DATA
DESIGN - DENSITY (kg/m?): 2,347 STABILITY (N): 6,320
% AIR VOIDS: 3.7 FLOW (mm) : 2.6
% VMA: 4.2
%2 ASPHALT: 5.4
FIELD - OENSITY (kg/m3): 2,373 CORES - DENSITY: 2,268
% AIR VOIDS: 2.k % AIR VOIDS: 7.2
% VMA: 13.5 % COMPACTION: 9k .5
X ASPHALT: 5.6
1987 -  DENSITY (kg/m?): 2,376 AGE: 17 years
% AIR VOIDS: 1.8
% VMA: 13.7
AGGREGATE
SIEVE 16000 12500 10000 5000 1250 630 315 160 80
DESIGN 90. 80. 72 51. 30. 26.0 20.0 4.0 7.9
AS-BUILT 75. 66 8. 32. 26.0 22.0 15.0 7.3
1987 93. 8. 7V 47. 29. 25.0 19.0 1.6 7.7
ASPHALT RHEOLOGY
ORIGINAL ABSON
PENETRATION (dmm,25 C) : 266 PENETRATION (dmm, 25 C) : 105
ABS VISC(Pa.s,60 C): 32.9 ABS VISC(Pa.s,60 C): 112
KIN VISC(mm2/s,135 C): 259
STIFFNESS (kPa): 78 STIFFNESS (kPa): 196
STRUCTURE RUT DEPTHS
TOTAL ASPHALT PAVEMENT THICKNESS : 114 mm AVERAGE: 5.5 mm
TOTAL BASE THICKNESS : 308 mm RANGE: 5 - 6 mm
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TABLE B-6 SITE MATERIALS DATA
SITE: 6 PROJECT: 21:12 KILOMETER: 34.40

PROJECT DESCRIPTION: Jct highway 1 to Jct highway 9

MIX DATA
DESIGN - DENSITY (kg/m3): 2,330 STABILITY (N): 6,000
¥ AIR V0IDS: 3.4 FLOW (mm): 2.3
3 VMA: 14,7
X ASPHALT: 5.8
FIELD - DENSITY (kg/m?): 2,335 CORES - DENSITY: 2,279
X AIR VOIDS: 3.b %2 AIR VOIDS: 5.8
T VMA: - X COMPACTION: 96.4
% ASPHALT: 5.8
1987 - DENSITY (kg/m3): 2,343 AGE: 17 years
2 AIR VOIDS: 2.9
2 VMA: 4.4
AGGREGATE
SIEVE 16000 12500 10000 5000 1250 630 315 160 80
DESIGN 100. 91. 84 63. 39. 28.0 17.0 13.0 9.5
AS-BUILT 100. 80 61. 38. 28.0 19.0 13.0 8.1
1987 99. 92. 82 61. 39. 27.3 16.5 11.6 9.0

ASPHALT RHEOLOGY

ORIGINAL ABSON
PENETRATION (dmm, 25 C): 285 PENETRATION (dmm, 25 C): 122
ABS VISC(Pa.s,60 C): 30.0 ABS VISC(Pa.s,60 C): 85.8
KIN VISC(mm2/s,135 C): 215
STIFFNESS (kPa): L9 STIFFNESS (kPa): 196
STRUCTURE RUT DEPTHS
TOTAL ASPHALT PAVEMENT THICKNZSS : 100 mm AVERAGE: 3.8 mm

TOTAL BASE THICKNESS . 135 mm RANGE: 2 - 8 mm
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TABLE B-7 SITE MATERIALS DATA
SITE: 7 PROJECT: 21:12 KILOMETER: 38.32
PROJECT DESCRIPTION: Jct highway 1 to Jct highway 9

MIX DATA
DESIGN - DENSITY (kg/m3): 2,330 STABILITY (N): 6,000
% AIR VOIDS: 3.4 FLOW (mm) : 2.3
X VMA: 4.7
T ASPHALT: 5.8
FIELD - DENSITY (kg/m3): 2,335 CORES - DENSITY: 2,279
%2 AIR VO10S: 3.4 % AIR VOIDS: 5.8
X VMA: - 2 COMPACTION: 96. 4
X ASPHALT: 5.8
1987 - DENSITY (kg/m3): 2,321 AGE: 17 years
% AIR VOIDS: 3.9
T VMA: 15.2
AGGREGATE
SIEVE 16000 12500 10000 5000 1250 630 215 160 80
DESIGN 100. 91. 84 63. 39. 28.0 17.0 12,0 9.5
AS-BUILT 100. 80 61. 38. 28.0 19.0 13.0 8.1
1987 99. 93. 83 63. L1, 28.3 17.0 12.1 9.2
ASPHALT RHEOLOGY
ORIGINAL ABSON
PENETRATION (dmm,25 C): 285 PENETRATION (dmm, 25 C): 115
ABS VISC(Pa.s,60 C): 30.0 ABS VISC(Pa.s,60 C): 104
KIN VISC (mm2/s,135 C): 236
STIFFNESS (kPa): Ly STIFFNESS (kPa): 196
STRUCTURE RUT DEPTHS
TOTAL ASPHALT PAVE4ENT THICKNESS : 131 mm AVERAGE: 6.3 mm

TOTAL BASE THICKNESS : 105 mm RANGE: 4 - 9 mm
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TABLE B-8 SITE MATERIALS DATA
SITE: 8 PROJECT: 1:10 KILOMETER: 9.00

PROJECT DESCRIPTION: Calgery East City to Jct highway 9

MIX DATA
DESIGN - DENSITY (kg/m?): 2,332 STABILITY (N): 8,430
¥ AIR VOIDS: 3.7 FLOW (mm) : 2.0
% VMA: 14.3
% ASPHALT: 5.7
FIELD - DENSITY (kg/m3): 2,358 CORES - DENSITY: 2,227
$ AIR VOIDS: 2.6 % AIR VOIDS: 8.1
% VMA: 13.4 % COMPACTION: 9b. L
% ASPHALT: 5.8
1987 -  DENSITY (kg/m3): 2,342 AGE: 12 years
% AIR VOIDS: 3.2
% VMA: 13.6
AGGREGATE
SIEVE 16000 12500 10000 5000 1250 630 3'5 160 80
DESIGN 100. 87. 77 56. 35. 271.0 23.0 18.0 13.9
AS-BUILT 100. 78 56. 3. 27.0 21.0 16.0 12.2
1987 96. 85. 73 51. 32. 26.3 20.8 16.511.8

ASPHALT RHEOLOGY

ORIGINAL ABSON
PENETRATION (dmm,25 C): 243 PENETRATION (dmm,25 C): 118
ABS VISC(Pa.s,60 C):  29.1 ABS VISC(Pa.s,60 C): 79.7
KIN VISC(mm2/s,135 C): 237
STIFFNESS (kPa): 74 STIFFNESS (kPa): 275
STRUCTURE RUT DEPTHS
TOTAL ASPHALT PAVEMENT THICKNESS : 241 mm AVERAGE: 6.0 mm

TOTAL BASE THICKNESS : - RANGE: 6 - 6 mm




TABLE B-9

SITE: 9

SITE MATERIALS DATA

PROJECT: 41A:02

KILOMETER: €87

PROJECT DESCRIPTION: Medicine Hat east city limit to Jct highway 41

MIX DATA
DESIGN - DENSITY (kg/m3): 2,345 STABILITY (N): L,340
2 AIR VOIDS: L.0 FLOW (mm) : 2.4
3 VMA: 15.9
% ASPHALT: 5.9
FIELD - DENSITY (kg/m3): 2,330 CORES - DENSITY: 2,259
2 AIR VOIDS: 5.9 % AIR VOIDS: B.1
2 VMA: - X COMPACTION: 3.5
% ASPHALT: 4.9
1987 -  DENSITY (kg/m3): - AGE: 14 years
2 AIR VOIDS: -
2 VMA: -
AGGREGATE
SIEVE 16000 12500 10000 5000 1250 630 315 160 80
DESIGN 100. 8s5. 75 56. 38. 23.0 14.0 10.0 7.2
AS-BUILT 100. 75 55. 35. 23.0 18.0 9.0 7.0
1987 - - - -

ASPHALT RHEOLOGY

ORIGINAL

PENETRATION (dmm,25 C): 278

ABS VISC(Pa.s,60 C): 25.5

STIFFNESS (kPa): L9
STRUCTURE

TOTAL ASPHALT PAVE -~ THICKNESS :

TOTAL BASt THICKNELL :

ABSON

PENETRATION (dmm,25 C): -
ABS VISC (Pa.s,60 C): -
KIN VISC (mm2/s,135 C): -
STIFFNESS (kPa): 43

RUT DEPTHS

AVERAGE: 2.0 mm
RANGE: 1 - 4 mm
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TABLE B-12 SITE MATERIALS DATA
SITE: 12 PROJECT: 887:04 KILOMETER: 45.34

PROJECT DESCRIPTION: Jct highway 61 to Jct highway 3

MIX DATA
DESIGN - DENSITY (kg/m3): 2,382 STABILITY (N): 11,125
% AIR VOIDS: 3.0 FLOW (mm) : 2.5
$ VMA: 13.9
X ASPHALT: 5.4
FIELD - DENSITY (kg/m3): 2,37 CORES - DENSITY: 2,254
$ A = Vv0IDS: 3.6 $ AIR VOIDS: -
% vMa: - % COMPACTION: 95.0
$ ASPHALT: 5.2
1987 - DENSITY (kg/m3): 2,283 AGE: 3 years
% AIR VOIDS: 7.8
L VMA: 17.2
AGGREGATE
SIEVE 16000 12500 10000 5000 1250 630 315 160 80

DESIGN 100. 92. 82 63. 40. 31.5 23.5 15.3 11.0
AS-BUILT 100. 93. 85 67. U43. 31.5 25.0 17.0 12.b
1987 99. 93. 8L 66. 40. 31.0 23.7 16.9 12.3

ASPHALT RHEOLOGY

ORIGINAL ABSON
PENETRATION (dmm,25 C): 168 PENETRATION (dmm,25 C): 87
ABS VISC (Pa.s,60 C): 62.0 ABS VISC(Pa.s,60 C): 204
KIN VISC(mm2/s,135 C): 374
STIFFNESS (kPa): 68 STIFFNESS (kPa): 275
STRUCTURE RUT DEPTHS
TOTAL ASPHALT PAVEMENT THICKNESS : 162 mm AVERAGE: 2.

3 mm
TOTAL BASE THICKNESS : 90 mm RANGE: 0 - &4 mm
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SITE: 13

TABLE B-13 SITE MATERIALS DATA

PROJECT: 529:04 KILOMETER: 2.94

PROJECT DESCRIPTION: Jct highway 23 to Jct SR 843

MIX DATA
DESIGN - DENSITY (kg/m3): 2,376 STABILITY (N): 9,125
% AIR VOIDS: 3.3 FLOW (mm): 2.9
% VMA: 13.5
% ASPHALT: 5.3
FIELD - OuNSITY (kg/m3): 2,393 CORES - DENSITY: 2,294
% AIR VOIDS: 2.8 € AIR VOIDS: 7.1
T VMA: - X COMPACTION: 95.8
% ASPHALT: 5.1
1987 - DENSITY (kg/m3): 2,329 AGE: L years
%2 AIR VOIDS: 5.8
% VMA: 15.0
AGGREGATE
SIEVE 16000 12500 10000 5000 1250 630 315 160 80
NISIGN 100. 84 61. 38. 27.0 19.0 12.2 8.6
AS-BUILT  99. 86 6L. 39. 27.0 18.0 12.6 8.6
1987 99. g5. 88 65. 39. 29.0 19.8 4.2 10.5
ASPHALT RHEOL. .¥
ORIGINAL ABSON
PENETRATION (dmm,25 C) : 208 PENETRATION (dmm, 25 C): 91
ABS VISC(Pa.s,60 C): 67.5 ABS VISC(Pa.s,60 C): 216
KiN VISC(mm2/s,135 C): 40§
STIFFNESS (kPa): 98 STIFFNESS (kPa): 206
STRUCTURE RUT DEPTHS
TOTAL ASPHALT PAVEMENT THICKNESS : 160 mm AVERAGE: 3.3 mm

TOTAL BASE THICKNESS :

108 mm RANGE: 1 - L mm
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TABLE B-14 SITE MATERIALS DATA

SITE: 14 PROJECT: 512:02 KILOMETER: 6.30

PROJECT DESCRIPTION: Lethbridge east city limit to Jct highway 3

FIELD -

1987 -

SIEVE
DESIGN
AS-BUILT
1987

MIX DATA
DENSITY (kg/m3): 2,332 STABILITY (N): 6,000
£ AIR VOIDS: L.9 FLOW (mm) : 2.2
2 VMA: 4.6
2 ASPHALT: 5.4
DENSITY (kg/m3): 2,358 CORES - DENSITY: 2,286
2 AIR VOIDS: L.o % AIR VOIDS: 7.1
% VMA: - % COMPACTION: 96.8
2 ASPHALT: 5.3
DENSITY (kg/m3): 2,362 AGE: 10 years
% AIR VOIDS: 4.3
2 VMA: 13.3
AGGREGATE
16000 12500 10000 5000 1250 630 315 160 80
100. 85. 72 47. 26. 23.0 15.0 9.0 &.9
100. 77 50. 28. 23.0 16.0 10.0 6.1
99. 92. 76 49. 28. 23.0 15.0 9.0 6.1

ASPHALT RHEOLOGY

ORIGINAL

PENETRATION (dmm, 25 C): 295
ABS VISC(Pa.s,60 C): 34.5

STIFFNESS (kPa): 39

TOTAL ASPHALT PAVEMENT THICKNESS :

STRUCTURE

TOTAL BASE THICKNESS :

ABSON

PENETRATION (dmm,25 C): 169
ABS VISC(Pa.s,60 C): 76.7
KIN VISC(mm2/s,135 C): 248

STIFFNESS (kPa): 96
RUT DEPTHS

165 mm AVERAGE: 7.3 mm
- RANGE: 2 - 14 mm
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TABLE B-15 SITE MATERIALS DATA

SITE: 15 PROJECT: 524:04 KILOMETER: 18.24

PROJECT DESCRIPTION: Jct highway 368 to South Saskatchewan River

MIX DATA
DESIGN - DENSITY (kg/m3): 2,377 STABILITY (N): 10,730
% AIR V0iIDS: 3.6 FLOW (mm) : 2.4
3 VMA: 13.5
% ASPHALT: 5.4
FIELD - DENSITY (kg/m3): 2,368 CORES - DENSITY: 2,263
% AIR VOIDS: 3.6 % AR VOIDS: 8.1
T VMA: - X COMPACTION: 95.5
T ASPHALT: 5.6
1987 -  DENSITY (kg/m3): - AGE: 5 years
% AIR VOIDS: -
T VMA: -
AGGREGATE
SIEVE 16000 12500 10000 5000 1250 630 315 160 80
DESIGN 100. 78 52. 28. - 18.0 14.5 10.9
AS-BUILT 100. 78 52. 28. - 18.0 15.0 10.9
1987 - - - -

ASPHALT RHEOLOGY

ORIGINAL

PENETRATION (dmm,25 C): 266
ABS VISC(Pa.s,60 C): L3.5

STIFFNESS (kPa): L9

STRUCTURE

TOTAL ASPHALT PAVEMENT THICKNESS :

TOTAL BASE THICKNESS :

ABSON

PENETRATION (dmm,25 C): -
ABS VISC(Pa.s,60 C): -
KIN VISC(wm2/s,135 C): -
STIFFNESS (kPa): -

RUT DEPTHS

AVERAGE: 5.8 mm
RANGE: 3 - 12 mm
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TABLE B-16 SITE MATERIALS DATA

SITE: 16 PROJECT: 507:02 KILOMETER: 29.26

PROJECT DESCRIPTION: Jct highway 3 to Jct highway 6

FIELD -

1987 -

SIEVE
DESIGN
AS-BUILT
1987

MIX DATA
DENSITY (kg/m?): 2,397 STABILITY (N): 13,950
2 AIR VOIDS: 3.2 FLOW (mm) : 3.0
3 VMA: 13.1
% ASPHALT: 5.5
DENSITY (kg/m3): 2,390 CORES - DENSITY: 2,266
¥ AIR VOIDS: 3.4 % AIR VOIDS: 8.5
2 VMA: - % COMPACTION: 94.8
% ASPHALT: 5.8
DENSITY (kg/m?): 2,307 AGE: L years
% AIR VOIDS: 7.7
2 VMA: 15.9
AGGREGATE
16000 12500 10000 5000 1250 630 315 160 8o
100. 89 67. L. - 2L.0 1Lk.5 10.6
100. 92 7. L5, - 27.0 17.0 10.7

100. 97. 91 69.

L2. 34.8 26.3 16.7 11.8

ASPHALT RHEOLOGY

ORIGINAL

PENETRATION (dmm,25 C): 160
ABS VISC(Pa.s,60 C): 72.0

STIFFNESS (kPa): 127

TOTAL ASPHALT PAVEMENT THICKNESS :

STRUCTURE

TOTAL BASE THICKNESS :

ABSON

PENETRATION (dmm,25 C): 66
ABS VISC(Pa.s,60 C): 326
KIN VISC(mm2/s,135 C): 422

STIFFNESS (kPa): 686
RUT DEPTHS
123 mm AVERAGE: 3.8 mm

150 mm RANGE: 2 - 6 mm
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TABLE B-17 SITE MATERIALS DATA

SITE: 17 PROJECT: 16:12 KILOMETER: 21.89

PROJECT DESCRIPTION: WBL - Jct highway 22 to Jct highway 43

MIX DATA
DESIGN - DENSITY (kg/m3): 2,310 STABILITY (N): 7,650
% AIR V0IDS: L. FLOW (mm) : 2.1
3 VMA: 15.0
¥ ASPHALT: 6.1
FIELD - DENSITY (kg/m3): 2,288 CORES - DENSITY: 2,182
2 AIR V0IDS: 4.7 2 AIR VOIDS: 9.1
3 VMA: - X COMPACTION: 95.4
3 ASPHALT: 6.5
1987 - DENSITY (kg/m3): 2,305 AGE: L years
¥ AIR VOIDS: L.8
T VMA: 14.9
AGGREGATE
SIEVE 16000 12500 10000 5000 1250 63C 318 160 80
DESIGN 100. 79 56. 42. - 22.0 10.8 7.3
AS-BUILT 100. 79 57. L42. - 23.0 12.0 7.6
1987 99. 93. 83 56. L2. 35.8 24.5 13.0 7.8
ASPHALT RHEOLOGY
ORIGINAL ABSON
PENETRATION (dmm,25 C): 166 PENETRATION (dmm,25 C): 82
ABS VISC(Pa.s,60 C): 76.5 ABS VISC(Pa.s,60 C): 282
KIN VISC (mm2/s,135 C): 56
STIFFNESS (kPa): 78 STIFFNESS (kPa): 687
STRUCTURE RUT DEPTHS
TOTAL ASPHALT PAVEMENT THICKNESS : 196 mm AVERAGE: 3.5 mm

TOTAL BASE THICKNESS : L15 mm RANGE: 3 - L mm
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TABLE B-18 SITE MATERIALS DATA
SITE: 18 PROJECT: 22:30 KILOMETER: 49.88

PROJECT DESCRIPTION: Jct highway 39 to Jct highway 16

MIX DATA
DESIGN - DENSITY (kg/m3): 2,332 STABILITY (N): 11,650
2 AIR VOIDS: 3.8 FLOW (mm) : 2.1
2 VMA: Th.i
3 ASPHALT: 5.6
FIELD - DENSITY (kg/m3): 2,347 CORES - DENSITY: 2,221
% AIR VOIDS: 3.0 % AIR VOIDS: 8.6
T VMA: - % COMPACTION: 9L .6
T ASPHALT: 5.5
1987 - DENSITY (kg/m3): 2,324 AGE: 5 years
X AIR VOIDS: L
T VMA: 14.6
AGGREGATE
SIEVE 16000 12500 10000 5000 1250 630 3156 160 80
DESIGN 100. 75  u6. 35. 26.0 23.0 10.0 6.6
AS-BUILT 100. 80 52. 33. 26.0 20.0 12.0 7.0
1987 100. 95. 82 54, 37. 33.3 22.0 12.9 7.9
ASPHALT RHEOLOGY
ORIGINAL ABSON
PENETRATION (dmm,25 C): 284 PENETRATION (dmm,25 C): 126
ABS VISC(Pa.s,60 C): 36.0 ABS VISC(Pa.s,60 C): 121
KIN VISC(mm2/s,135 C): 298
STIFFNESS (kPa): 59 STIFFNESS (kPa): 196
STRUCTURE RUT DEPTHS
TOTAL ASPHALT PAVEMENT THICKNESS : 160 mm AVERAGE: 2.3 mm
TOTAL BASE THICKNESS : 350 mm RANGE: 0 -~ 6 mm



TABLE B-19 SITE MATERIALS DATA

SITE: 19 PROJECT: 22:30 KILOMETER:
PROJECT DESCRIPTION: Jct highway 39 to Jct highway 18

19.88

MIX DATA
DESIGN - DENSITY (kg/m3): 2,380 STABILITY (N): 12,900
¥ AIR VOIDS: .5 FLOW (mm) : 2.3
% VMA: 13.4
2 ASPHALT: 5.1
FIELD - DENSITY (kg/m3): 2,373 CORES - DENSITY: 2,26bL
% AIR VOIDS: 3.5 ¥ AIR VOIDS: 7.8
T VMA: - X COMPACTION: 95.4
3 ASPHALT: 5.4
1987 -  DENSITY (kg/m?): - AGE: 6 years
%2 AIR VOIDS: -
2 VMA: -
AGGREGATE
SIEVE 16000 12500 10000 5000 1250 630 315 160 8¢
DESIGN 100. 82 55. 37. - 24.0 15.3 9.5

AS-BUILT 100. 84 60. Lo. - 25.0 17.0 10.5

1987 -
ASPHALT RHEOLOGY
ORIGINAL ABSON

PENETRATION (dmm,25 C): 311
ABS VISC(Pa.s,h0 C): 34.9

PENETRATION (dmm, 25 C) :
ABS VISC(Pa.s,60 C):

KIN VISC(mm2/s,135 C): -

STIFFNESS (kPa): 51 STIFFNESS (kPa):
STRUCTURE RUT DEPTHS

TOTAL ASPHALT PAVEMENT THICKNESS : - AVERAGE: 1.0 mm

TOTAL BASE 7 CKNESS : - RANGE: 0 - 2 mm
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TABLE B-20 SITE MATERIALS DATA
SITE: 20 PROJECT: 11:12 KILOMETER: 9.56

PROJECT DESCRIPTION: Jct SR 768 to Jct highway 2A

MIX DATA
DESIGN - DENSITY (kg/m3): 2,332 STABI'LITY (N): -
$ AIR VOIDS: - FLOW (mm): -
2 VMA: -
% ASPHALT: 6.1
FIELD - DENSITY (kg/m3): 2,332 CORES - DENSITY: 2,215
2 AIR VOIDS: - £ AIR VOIDS: -
$ VMA: - % COMPACTION: 95.0
% ASPHALT: 6.0
1987 -  DENSITY (kg/m3)}: - AGE: 31 years
% AIR VOIDS: -
2 VMA: -
AGGREGATE
SIEVE 16000 12500 10000 5000 1250 630 315 160 80
DESIGN 9k, 8s5. 78 56. 33. 25.0 15.0 10.0 6.1
AS-BUILT 81. 57. 36. 25.0 18.0 11.0 7.3
1987 - - - -
ASPHALT RHECOLOGY
ORIGINAL ABSON

PENETRATION (dmm,25 C): -
ABS V!SC(Pa.s,60 C): -
KIN VISC(mm2/s,135 C): -

STIFFNESS (kPa): -

PENETRATION (dmm,25 C): 249
ABS VISC (Pa.s,60 C): 14.0

STIFFNESS (kPa): 98

STRUCTURE

TOTAL ASPHALT PAVEMENT THICKNESS :

TOTAL BASE THICKNESS :

RUT DEPTHS

AVERAGE: 4.5 mm
RANGE: 2 - 8 mm



TABLE B-21 SITE MATERIALS DATA
SITE: 21 PROJECT: 11:10 KILOMETER: 14.67
PROJECT DESCRIPTION: Jct highway 114 to Jct SR 768

MIX DATA
DESIGN - DENSITY (kg/m3): 2,353 STABILITY (N): -
¥ AIR VOIDS: - FLOW (mm) : -
% VMA: -
% ASPHALT: 6.5
FIELD - DENSITY (kg/m3): 2,353 CORES - DENSITY: 2,265
£ AIR VOIDS: - X AIR VOIDS: -
3 VMA: - %X COMPACTION: 96.3
% ASPHALT: 6.5
1987 - DENSITY (kg/m3): 2,376 AGE: 30 years
2 AIR V0OIDS: -
2 VMA: -
AGGREGATE
SIEVE 16000 12500 10000 5000 1250 €30 315 160 80
DESIGN 90. 77. 65 47. 32. - 23.0 4.0 7.0
AS-BUILT - - - -
1987 97. 89. 77  5k. 35. 31.0 22.5 3.9 10.1
ASPHALT RHEOLOGY
ORIGINAL ABSON
PENETRATION (dmm,25 C): 190 PENETRATION (dmm,25 C): 84
ABS VISC(Pa.s,60 C): 30.0 ABS ViISC(Pa.s,60 C): 289
KIN VISC(mm2/s,135 C): 48O
STIFFNESS (kPa): 176 STIFFNESS (kPa): L7
STRUCTURE RUT DEPTHS
TOTAL ASPHALT PAVEMENT THICKNESS : 175 mm AVERAGE: 7.5 mm
TOTAL BASE THICKNESS : 332 mm RANGE: 6 - 11 mm
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TABLE B-22 SITE MATERIALS DATA
SITE: 22 PROJECT: 11:08 KILOMETER: 38.94

PROJECT DESCRIPTION: Forest Reserve to Jct highway 11A

MIX DATA
DES!Gn - DENSITY (kg/m3): 2,353 STABILITY (N): 7,200
% AIR VOIDS: L. L FLOW (mm) : 2.6
X VMA: 14 .1
2 ASPHALT: 4.7
FIELD - DENSITY (kg/m3): 2,409 CORES - DENSITY: 2,309
% AIR V0OIDS: 2.6 % AIR VOIDS: 6.7
$ vma: - X COMPACTION: 95.9
R ASPHALT: 4.8
1987 - DENSITY (kg/m3): - AGE: 13 years
% AIR VOIDS: -
2 VMA: -
AGGREGATE
SIEVE 16000 12500 10000 5000 1250 630 31§ 160 80
DESIGN 100. 90. 81 55. 29. 25.0 17.0 13.0 8.8
AS-BUILT 100. 78 5L, 32. 25.0 21.0 16.0 10.0
1987 - - - -
ASPHALT RHEOLOGY
ORIGINAL ABSON
PENETRATION (dmm,25 C): 268 PENETRATION (dmm, 25 C):
ABS VISC(Pa.s,60 C): L45.0 ABS ViSC(Pa.s,60 C):
KIN VISC(mm2/s,135 C): -
STIFFNESS (kPa): 68 STIFFNESS (kPa):
STRUCTURE RUT DEPTHS
TOTAL ASPHALT PAVEMENT THICKNESS : - AVERAGE: 1.0 mm

TOTAL BASE THICKNESS : - RANGE: 0 - 2 n
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TABLE B-23 SITE MATERIALS DATA
SITE: 23 PROJEC 1:08 KILOMETER: 26.27

PROJECT DESCRIPTION: Forest reserve to Jct highway 11A

Mi> DATA
DESIGN - DENSITY (kg/m3): 2,380 STABILITY (N): 12,000
T AIR VOIDS: 3.6 FLOW (mm) : 2.4
¥ VMA: 1}
X ASPHALT: 5.7
FIELD - DENSITY (kg/m?): 2,369 CORES - DENSITY: 2,257
X AIR VOIDS: 3.6 % AIR VOIDS: 8.3
% VMA: - % COMPACTION: 95.3
X ASPHALT: 5.8
1987 -  DENSITY (kg/m3): - AGE: 11 years
2 AIR VOIT" -
$ VMA: -
AGGREGATE
SIEVE 16000 1250u 10000 5000 1250 630 315 160 80
DESIGN 100. 88. 77 55. 3. 26.0 17.0 12.0 6.5
AS-BUILT 100. 82 58, 3b. 26.0 21.0 1i5.0 8.2
1987 - - - -
ASPHALT RHEOLOGY
ORIGINAL ABSON
PENETRATION (dmm,25 C) : 287 PENETRATION (dmm,25 C): -
ABS VISC(Pa.s,60 C): 35.0 ABS ViISC(Pa.s,60 C): -
KIN VISC(mm2/s,135 C): -
STIFFNESS (kPa): 59 STIFFNESS {(kPa): -
STRUCTURE RUT DEPTHS

TOTAL ASPHALT PAVEMENT THICKNESS : - AVERAGE: 3.5 mm
- 6 mm

TOTAL BASE THICKNESS : - RANGE: 2
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TABLE B-24 SITE MATERIALS DATA

SITE: 24 PROJECT: 11:06

KILOMETER:

PROJECT DESCRIPTION: North of Nordegg to forest reserve

FIELD -

1987 -

SIEVE
DESIGN
AS-BUILT
1987

MIX DATA

3
%3 AIR VOIDS: L
3 VMA: T,
% ASPHALT: 6

DENSITY (kg/m3): 2,360
%$ AIR VOIDS: 3.7
¥ VMA:
% ASPHALT: 6

DENSITY (kg/m3): -
%2 AIR VOIDS: -
$ VMA: -

18.43

STABILITY (N): 9,650
FLOW (mm):

CORES - DENSITY:

AGGREGATE

16000 12500 10000 5000
100. 87. 75 51.
100. 71 U6,

1250 630

3.0
2,277
2 AIR VOIDS: 7.1
¥ COMPACTION: 9¢ .5
Y -ears
315 160 80
17.0 13.0 10.1

29. 21.0

26. 21.0 17.0 15.0 11.0

ASPHALT RHEOLOGY

ORIGINAL

PENETRATION (dmm, 25 C): 300
ABS VISC(Pa.s,60 C): 33.7

STIFFNESS (kFa): 57

TOTAL ASPHALT PAVEMENT THICKNESS :

STRUCTURE

TOTAL BASE THICKNESS :

PENETRAT!ION (dmm, 25 C) :
ABS VISC(Pa.s,60 C):

ABSON

KIN VISC(mm2/s,135 C): -

STIFFNESS (kPa):

'

RUT DEPTHS

AVERAGE :
RANGE :

1.5 mm
0 - 4L mm
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PROJECT DESCRIPTION: Jct highway 11 to Rocky Mountain House

TABLE B-25 SITE MATERIALS DATA

SITE: 26

PROJECT: 11A:02

KILOMETER:

140

3.18

MIX DATA
DESIGN - DENSITY (kg/m3): 2,3u4d STABILITY (N): . 40O
¥ AIR VOIDS: 3.7 FLOW (mm) : 2.3
% VMA: 15.9
3 ASPHALT: 5.8
FIELD - DENSITY (kg/m3): 2,373 CORES - DENSITY: 2,325
% AIR VOIDS: 2. b 2 AIR VOIDS: L. L
% VMA: 14.9 X COMPACTION: 98.5
2 ASPHALT: 5.9
1987 -  DENSITY (kg/m?3): 2,403 AGE: 17 years
2 AIR VOIDS: 1.9
3 VMA: 13.3
AGGREGATE
SIEVE 16000 12500 10000 5000 1250 630 315 160 80
DESIGN 100. 90. 78 58. 38. 30.0 22.0 15.0 8.5
AS-BUILT 100. 80 60. 36. 30.0 24.0 17.0 8.6
1987 99. 93. 83 60. L. 34.7 26.3 16.9 12.5
ASPHALT RHEOLOGY
ORIGINAL ABSON
PENETRATION (dmm,25 C) : 274 PENETRATION (dmm, 25 C): 129
ABS VISC{Pa.s,60 C): 38.1 ABS VISC(Pa.s,60 C): 118
KIN VISC(mm2/s,135 C): 276
STIFFNESS (kPa): 58 STIFFNESS (kPa) : 197
STRUCTURE RUT DEPTHS
TOTAL ASPHALT PAVEMENT THICKNESS : 140 mm AVERAGE: 3.3 mm
TOTAL BASE THICKNESS : 124 mm RANGE: 0 - 6 mm



TABLE B-26 SITE MATERIALS DATA

SITE: 26

PROJECT: 2A:18

KILOMETER: 26.00

PROJECT DESCRIPTION: South of Red Deer to Lacombe

DESIGN -

FIELD -

1987 -

SIEVE
DESIGN
AS-BUILT
1987

ABS VISC(Pa.s,60 C):

STIFFNESS (kPa):

MIX DATA
DEN_ITY (kg/m3): 2,281 STABILITY (N): 5,500
$ AIR VOIDS: L. FLOW (mm) : 2.5
% VMA: 16.2
% ASPHALT: 6.3
DENSITY (kg/m3): 2,281  CORES - DENSITY: 2,193
$ AIR VOIDS: L. % AIR VOIDS: -
$ VMA: 16.2 % COMPACTION: 96.2
% ASPHALT: -
DENSITY (kg/m3): 2,332 AGE: 29 years
% AIR VOIDS: 3.1
% VMA: 13.5
AGGREGATE
16000 12500 10000 5000 1250 630 315 160 80
93. 84. 75 55. 31. 18.0 12.0 10.0 7.6
81. 56. 30. 18.0 13.0 9.0 7.0
98. 90. 78 55. 34, 24.8 15.3 10.9 8.7
ASPHALT RHEOLOGY
ORIGINAL ABSON
PENETRATION (dmm,25 C): 170 FENETRATION (dmm,25 C): 71
20.0 ABS VISC (Pa.s.60 C): 180
KIN VISC(mm2/s,135 C): 302
196 STIFFNESS (kPa): 589
STRUCTURE RUT DEPTHS

TOTAL ASPHALT PAVEMENT THICKNESS :

TOTAL BASE THICKNESS :

Thl mm
4LO7 mm

AVERAGE: 7.8 mm
RANGE: 5§ - 10 mm
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TABLE B-27 SITE MATERIALS DATA

SITE: 27 PROJECT: 12:20 KILOMETER: 34.18

PROJECT DESCRIPTION: Jct highway 41 to the Ssskatchewan boundary

MIX DATA

DESIGN - DENSITY {(kg/m3): 2,331 STABILITY (N): 8,270

% AIR VOiDS: L.3 FLOW (mm): 1.

3 VMA: 4.5

% ASPHALT: 6.2
£ ELD - DENSTr (ig/m?3): 2,357.0 CORES - DENSITY: 2,212

L S SN S R RYI 3.2 2 AIR VOIDS: 9.2

o /MAL - X COMPACTION: 93.8

2 ASPRhAL: 6.2
1987 - DENS TY (kg/m3): 2,289.5 AGE: 9 years

% AR VOIDS: 6.3

3 VMA: 15.8

AGGREGATE
SIEVE 16000 12500 10000 5000 1250 630 315 160 80
DESIGN 100. 92. 82 6h. k. 26.0 17.0 11.0 6.)
AS-BUILT 100, B4  65. 3b. 26.0 20.0 12.5 8.1
1987 99. 92. 85 6L, 33. 25.5 18.5 11.1 6.9
ASPHALT RHEOLOGY
ORIGINAL ABSON
PENETRATION (dmm,25 C): 182 PENETRATION (dmm,25 C): 76
ABS VISC(Pa.s,60 C): 69.7 ABS VISC(Pa.s,60 C): 308
KIN VISC(mm2/s,135 C): L32
STIFFNESS (kPa): 98 STIFFNESS (kPa): 392
STRUCTURE RUT DEPTHS

TOTAL ASPHALT PAVEMENT THICKNESS : 135 mm AVERAGE: 3.0 mm

TOTAL BASE THICKNESS : 166 mm RANGE: O - 7 mm



TABLF B-28 SITE MATERIALS DATA

SITE: 28 PROJECT: 12:20 KILOMETER:  7.95

PROJECT DESCRIPTION: Jct highway 41 to the Saskatchewan boundary

DESIGN -

FIELD -

1987 -

SIEVE
DESIGN
AS-BUILT
1987

MIX DATA
DENSITY (kg/m3): 2,337 STABILITY (N): L,220
% AIR VOIDS: 3.9 FLOW (mm) : 2.3
% VMA: 4.7
% ASPHALT: 5.6
DENSITY (kg/m3): 2,368 CORES - DENSITY: 2,220
2 AIR VOIDS: 2.8 % AIR VOIDS: 8.8
3 VMA: - ¥ COMPACTION: 93.8
¥ ASPHALT: 5.7
DENSITY (kg/m3): 2,34k AGE: 13 years
$ AIR VOIDS: L.5
$ VMA: 13.5
AGGREGATE
16000 12500 10000 5000 1250 630 315 160 80
100. 9:. 83  63. 3. 25.0 18.0 13.0 7.3
100. 85  66. 3k, 25.0 19.0 13.0 7.0
100. 36. B9  66. 35. 27.0 19.0 10.6 6.6

ASPHALT RHEO!.OGY

ORIGINAL

PENETRATION (dmm, 25 C): 270
ABS VISC(Pa.s,60 C): LL.8

STIFFNESS (kPa): L9

TOTAL ASPHALT PAVEMENT THICKNESS :

STRUCTURE

TOTAL BASE THICKNESS :

ABSON

PENETRATION(dmm,25 C): 75
ABS VISC(Pa.s,60 C): 322
KIN VISC(mm2/s, 135 C): L&2

STIFFNESS (kPa): 490
RUT DEPTHS

102 mm AVERAGE: 2.5 mm

239 mm RANGE: O - 7 mm
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SITE: 29

TABLE B-29 SITE MATERIALS DATA

PROJECT:

914

KILOMETER: 10.04

PROJECT DESCRIPTION: Jct highway 41 to the Saskatchewan boundary

MIX DATA
DESIGN - DENSITY (kg/m3): 2,300 STABILITY (N): L, 400
¥ AIR VOIDS: 4.0 FLOW (mm) : 1.8
¥ VMA: 5.7
¥ ASPHALT: 6.0
FIELD - DENSITY (kg/m3): 2,330 CORES - DENSITY: 2,264
2 AIR VOIDS: - % AIR VOIDS: 5.6
2 VMA: - 2 COMPACTION: 98.4
% ASPHALT: 5.8
1987 - DENSITY (kg/m3): - AGE: 20 years
%2 AIR VOIDS: -
2 VMA: -
AGGREGATE
SIEVE 16000 12500 10000 5000 1250 630 315 160 80
DESIGN 100. 90. 719 58. LO. 18.0 10.0 9.0 6.6
AS-BUILT 100. 80 60. 28. 18.0 12.0 8.0 5.7
198~ - - - -
ASPHALT RHEOLOGY
ORIGINAL ABSON

PENETRATION (dmm, 25 C) :
ABS VISC(Pa.s,60 C):

STIFFNESS (kPa):

STRUCTURE

TOTAL ASPHALT PAVEMENT THICKNESS :
TOTAL BASE THICKNESS :

248
L2.3

59

PENETRATION (dmm,25 C): -
ABS VISC(Pa.s,60 C): -
KIN VISC(mm2/s,135 C): -
STIFFNESS (kPa): -

RUT DEPTHS

AVERAGE: 2.8 mm
RANGE: O - 6 mm
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TABLE B-30 SITE MATERIALS DATA
SITE: 30 PROJECT: 49:02 KILOMETER: 1.40

PROJECT DESCRIPTION: B.C. boundary to Park Road 1:2

MIX DATA

DESIGN - DENSITY (kg/m3): 2,384 STABILITY (N): 8,500

% AIR VOIDS: 3.3 FLOW (mm) : 2.1

2 VMA: 4.2

3 ASPHALT: 5.4
FIELD - DENSITY (kg/m3): 2,362 CORES - DENSITY: 2,302

% AIR VOIDS: 4.1 L. ¥ AIR VOIDS: 6.3

3 vMA: 25.1 % COMPACTION: 97.5

% ASPHALT: 5.5
1987 - DENSITY (kg/m3): 2,313 AGE: 6 years

2 AIR VOIDS: 6.8

3 VMA: 16 .4

AGGREGATE
SIEVE 16000 12500 10000 5000 1250 630 315 160 80
DESIGN 100. 82 56. 32. - 6.0 8.8 6.4
AS-BUILT 100. 81 51. 3. - 15.0 9.0 6.6
1987 99. 92. 78 50. 3. 26.0 17.5 10.2 7.3
ASPHALT RHEOLOGY
ORIGINAL ABSON
PENETRAT ION (dmm,25 C): 278 PENETRATION (dmm,25 C): 99
ABS VISC (Pa.s,.60 C): 39.7 ABS VISC(Pa.s,60 C): 184
KIN VISC(mm2/s,135 C): 345

STIFFNESS (kPa): 89 STIFFNESS (kPa): 510

STRUCTURE RUT DEPTHS
TOTAL ASPHALT PAVEMENT TH'CKNESS : 121 mm AVERAGE: 5.0 nw

TOTAL BASE THICKNESS : 140 mm RANGE: 3 - 6 mm



TABLE B-31

SITE MATERIALS DATA

SITE: 3N PROJECT: 49:04 KILOMETER: 18.39

PROJECT DESCRIPTION: Park Road 112 to Jct highway 2

DESIGN -

FIELD -

1987 -

SIEVE
DES IGN
AS-BUILT
1987

MIX DATA
DENSITY (kg/m3): 2,356 STABILITY (N): 3,505
% AIR VOIDS: 3.8 FLOW (mm): 1.9
3 VMA: 14.0
% ASPHALT: 5.0
DENSITY (kg/m3): 2,356 CORES - DENSITY: 2,295
% AIR VOIDS: - % AIR VOIDS: 6.9
2 VMA: - 2 COMPACTION: 97.4
% ASPHALT: L.6
DENSITY (kg/m3): 2,365 AGE: 18 years
% AIR VOIDS: 3.7
% VMA: 13.7
AGGREGATE
16000 12500 10000 5000 1250 630 315 160 80
88. oL L2. 22. 7.5 10.0 8.0 5.7
100. 70. 75 L9, 26. 17.56 12.5 9.0 5.6
94. 8s5. Th 50. 28. 21.0 k.2 9.6 7.1

ASPHALT RHEOLOGY

ORIGINAL

PENETRATION (dmm,25 C) : 238
ABS VISC(Pa.s,60 C): 29.8

STIFFNESS (kPa): 98

STRUCTURE

TOTAL ASPHALT PAVEMENT THICKNESS :

TOTAL BASE THICKNESS :

ABSON
PENETRATION (dmm,25 C): 91
ABS VISC(Pa.s,60 C): 143
KIN VISC(mm2?/s,135 C): 290
STIFFNESS (kPa): L90
RUT DEPTHS
187 mm AVERAGE: 3.8 mm

RANGE: O - 8 mm
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TABLE B-32 SITE MATERIALS DATA

SITE: 32 PROJECT: 35:12 KILOMETER: 42.18

PROJECT DESCRIPTION: Keg River to North boundary of metis colony

DESIGN -

FIELD -

1987 -

SIEVE
DES!GN
AS-BUILT
1987

MIX DATA
DENSITY (kg/m3): 2,329 STABILITY (N): 4,000
% AIR VOIDS: L.6 FLOW (mm) : 1.7
2 VMA: 15.4
% ASPHALT: 5.3
DENSITY (kg/m3): 2,342  CORES - DENSITY: 2,280
2 AIR VOIDS: 3.8 % AIR VOIDS: 6.5
2 VMA: - % COMPACTION: 97.3
2 ASPHALT: 5.3
DENSITY (kg/m3): 2,342 AGE: 12 years
2 AIR VOIDS: 5.1
T VMA: 14.5
AGGREGATE
16000 12500 10000 5000 1250 630 315 160 80
100. 88. 77  60. 38. 23.0 12.0 7.5 5.1
99. 74 55, 36. 23.0 4.0 10.0 5.6
99. ¢ 76 56. b1, 30.8 16.5 9.0 6.5

ASPHALT RHEOLOGY

ORIGINAL

PENETRATION (dmm,25 C): 286
ABS VISC(Pa.s,60 C): 23.7

STIFFNESS (kPa): 68

TOTAL ASPHALT PAVEMENT THICKNESS :

STRUCTURE

TOTAL BASE THICKNESS :

ABSON
PENETRATION (dmm,25 C): 76
ABS VISC(Pa.s,60 C): 142
KIN VISC(mm2/s,135 C): 273
STIFFNESS (kPa): 785
RUT DEPT'{S
156 mm AVERAGE: 4.0 mm

165 mm RANGE: 2 - 7 mm
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TABLE B-33 SITE MATERIALS DATA

SITE: 33 PROJECT: 35:16 KILOMETER: 18.20

PROJECT DESCRIPTION: Jct highway 58 to Meander river

DESIGN -

FIELD -

1987 -

SIEVE
DESIGN
AS-BUILT
1987

MIX DATA
DENSITY (kg/m?): 2,316
2 AIR VOIDS: 6.5
¥ VMA: 17.3
%2 ASPHALT: 6.3
DENSITY (kg/m3): 2,381
%2 AIR VOIDS: L.
3 VMA: 4.5
T ASPHALT: 5.9
DENSITY (kg/m3): 2,308
%2 AIR V0OIDS: 7.3
2 vMa: 17.3

STABILITY (N): 5,300

FLOW {(mm) : 2.6

CORES - DENSITY: 2,292
% AIR VOIDS: 7.6

2 COMPACTION: 96.3

AGE: 10 years

AGGREGATE

16000 12500 10000 5000

100. 87. 75 50.
100. 90. 78 52,
98. 90. 79 5h.

1250 630 315 160 80
23. 17.0 10.0 8.0 6.1
24, 17.0 12.0 9.0 8.0
27. 18.0 13.8 11.0 9.1

ASPHALT RHEOLOGY

ORIGINAL

PENETRATION (dmm,25 C): 222
ABS VISC(Pa.s,60 C): 3L.6

STIFFNESS (kPa): 167

STRUCTURE

TOTAL ASPHALT PAVEMENT THICKNESS :

TOTAL BASE THICKNESS :

ABSON

PENETRATION (dmm, 25 C): 109
ABS VISC{Pa.s,60 C): 91.4
KIN VISC(mm2/s,135 C): 235
STIFFNESS (kPa): 294

RUT DEPTHS

192 mm AVERAGE: 2.8 mm
- RANGE: 1 - 4 mm
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TABLE B-34 SITE MATERIALS DATA

SITE: 34

PROJECT: 881:12

KILOMETER: 11.19

PROJECT DESCRIPTION: North Saskatchewan River to Jct highway 28

MIX DATA
DESIGN - DENSITY (kg/m3): 2,313 STABILITY (N): 7.810
$ AIR VOIDS: L.L FLOW (mm) : 1.5
3 VMA: 4.5
% ASPHALT: 5.3
FIELD - DENSITY (kg/m3): 2,340 CORES - DENSITY: 2,166
% AIR VOIDS: 2.7 2 AIR VOIDS: 9.9
¥ VMA: - X COMPACTION: 92.5
% ASPHALT: 5.6
1987 - DENSITY (kg/m3): - AGE: 9 years
%2 AIR VOIDS: -
3 VMA: -
AGGREGATE
SIEVE 16000 12500 10000 5000 1250 630 315 160 80
DESIGN 100. 93. 87 70. 33. 19.0 4.0 11.5 9.4
AS-BUILT 100. 86 65. 3. i9.0 13.0 9.0 7.9
1987 - - - -

ASPHALT RHEOLOGY

ORIGINAL

PENETRATION (dmm,25 C): 268
ABS VISC(Pa.s,60 C): L3.8

STIFFNESS (kPa): L9
STRUCTURE

TOTAL ASPHALT PAVEMENT THICKNESS :
TOTAL BASE THICKNESS :

156 mm

ABSON

PENETRATION (dmm,25 C): -
ABS VISC(Pa.s,60 C): -
KIN VISC(mm2/s,135 C): -
STIFFNESS (kPa): -

RUT DEPTHS

AVERAGE: 5.0 mm
RANGE: 0 - 10 mm
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TABLE B-35 SITE MATERIALS DATA

SITE: 356 PROJECT: 881:12 KILOMETER: 9.70

PROJECT DESCRIPTION: North Saskatchewan River to Jct highway 28

MIX DATA
DESIGN ~ DENSITY (kg/m3): 2,326 STABILITY (N): €,150
2 AIR V0OIDS: L.3 FLOW (mm) : 1.
2 VMA: 15.9
% ASPHALT: 5.9
FIELD - DENSITY (kg/m3): 2,325 CORES - DENSITY: 2,208
¥ AIR VOIDS: L.o % AIR V0O!IDS: 8.9
T VMA: - % COMPACTION: 94.9
T ASPHALT: 6.0
1987 - DENSITY (kg/m3): 2,288 AGE: 7 years
2 AIR VOIDS: 5.9
3 VMA: 17.1
AGGREGATE
SIEVE 16000 12500 10000 5000 1250 - 315 160 80
CESIGN 100. 81 6b. 32. 22.0 15,0 11.4 9.0
AS-BUILT  96. 87. 8L  65. 37. 22.0 16.0 13.0 9.1
1987 97. 90. 83  66. 36. 23.5 13.5 9.6 7.4
ASPHALT RHEOLOGY
ORIGINAL ABSCN
PENETRATION (dmm,25 C): 270 PENETRATION (dmm, 25 C): 119
ABS VISC(Pa.s,60 C): L2.0 ABS VISC(Pa.s,60 C): 162
KIN VISC(mm2/s,135 C): 352
STIFFNESS (kPa): L9 STIFFNESS (kPa): 392
STRUCTURE RUT DEPTHS
TOTAL ASPHALT PAVEMENT THICKNESS : 137 mm AVERAGE: 4.0 mm

TOTAL BASE THICKNESS : 120 mm RANGE: | - 6 mm



TABLE B-36 SITE MATERIALS DATA

SITE: 36 PROJECT: 2:38 KILOMETER: 22.59

PROJECT DESCRIPTION: Jct highway 18 to west of Rochester

DESIGN -

FIELD -

1987 -

SIEVE
DESIGN
AS-BUILT
1987

MIX DATA
DENSITY (kg/m3): 2,307 STABILITY (N): 4,600
2 AIR VOIDS: 3.9 FLOW (mm) : 2.0
T VMA: 1£.8
% ASPHALT: -
DENSITY (kg/m3): 2,307 CORES - DENSITY: 2,229
% AIR VOIDS: - % AIR VOIDS: 7.5
T VMA: - % COMPACTION: 96.7
% ASPHALT: 6.1
DENSITY (kg/m3): 2,344 AGE: 21 years
% AIR VOIDS: 2.6
X VMA: 14.6
AGGREGATE
16000 12500 10000 5000 1250 630 315 160 80
100. 88. 78 56. 3k, 21.0 12.0 9.0 7.2
100. 84 62. L6, 21.0 12.0 8.0 5.4
99. 94 . 85 63. 35. 23.0 WL.5 9.5 6.8

ASPHALT RHEOLOGY

ORIGINAL

PENETRATION (dmm,25 C): 280
ABS VISC(Pa.s,60 C): Lo .1

STIFFNESS (kPa): 59

TOTAL ASPHALT PAVEMENT THICKNESS :

STRUCTURE

TOTAL BASE THICKNESS :

ABSOM

PENETRATION (dmm, 25 €)@ ‘3%
ABS VISC("Pa.s.60 (). 16)
K:N VISC{mm2/s,135 C): 357

STIFFNESS (kPa): 392
RUT DEPTHS

117 mm AVERAGE: 5.8 mm

147 mm RANGE: 2 - 9 mm

151



162

TABLE B-37 SITE MATERIALS DATA

SITE: 37 PROJECT: 2:40 KILOMETER: 38.58

PROJECT DESCRIPTION: West of Rochester to Athabascas

DESIGN -

FIELD -

1987 -

SIEVE
DESIGN
AS-BUILT
1987

MIX DATA
DENSITY (kg/m3): 2,305 STABILITY (N): 6,800
¥ AIR VOIDS: L.3 FLOW (mm) : 2.2
X VMA: 16.9
2 ASPHALT: 6.4
DENSITY (kg/m3): 2,271 CORES - DENSITY: 2,232
2 AIR VOIDS: - % AIR VOIDS: 6.8
X VMA: - ¥ COMPACTION: 98.0
2 ASPHALT: 6.6
DENSITY (kg/m3): 2,296 AGE: 19 years
2 AIR V0OIDS: L.2
3 VMA: 17.5

AGGREGATE

16000 12500 10000 5000
100. 90. 717 5kh.
100. 81 60.
97. 89. 79 62.

1250 630 315 160 80
37. 25.0 28.0 19.0 10.0
38. 25.0 18.0 12.0 8.0
L2. 32.5 21.0 14.3 10.8

ASPHALT RHEOLOGY

ORIGINAL

PENETRATION (dmm,25 C) : 258
.ABS VISC(Pa.s,60 C): 29.9

STIFFNESS (kPa): 78

TOTAL ASPHALT PAVEMENT THICKNESS :

STRUCTURE

TOTAL BASE THICKNESS :

ABSON

PENETRATION (dmm,25 C): 130
ABS VISC(Pa.s,60 C): 82.2
KIN VISC(mm2/s,135 C): 271

STIFFNESS (kPa): 170
RUT DEPTHS

103 mm AVERAGE: 3.

5 mm
115 mm RANGE: O 5 mm
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TABLE B-38 SITE MATERIALS DATA
SITE: 38 PROJECT: 63:01 KILOMETER:. 37.39

PROJECT DESCRIPTION: North of Newbrook to Jct highway 556

MIX DATA
DESIGN - DENSITY (kg/m3): 2,3 STABILITY (N): 6,200
2 AIR VOIDS: L.5 FLOW (mm) : 2.4
T VMA: 17.2
3 ASPHALT: 6.6
FIELD - DENSITY (kg/m3): 2,373 CORES - DENSITY: 2,242
2 AIR VOIDS: 2.6 % AIR VOIDS: 8.0
2 VMA: - % COMPACTION: 97.0
$ ASPHALT: 6.2
1987 - DENSITY (kg/m3): 2,328 AGE: 16 years
2 A'R VOIDS: 3.6
2 VMA: 16.8
AGGREGATE
SIEVE 16000 12500 10000 5000 1250 630 315 160 80
DESIGN 100. 93. 84  63. 38. 28.0 22.0 15.0 10.3
AS-BU'LT 100. 83 62. 39. 28.0 18.0 13.0 8.5
1987 100. 96. 89 68. Ls, 34.3 23.7 16.9 12.7

ASPHALT RHEOLOGY

ORIGINAL ABSON
PENETRATION (dmm,25 C): 267 PENETRATION (dmm,25 C): 177
ABS VISC(Pa.s,60 C): L3 ABS VISC(Pa.s,60 C): 80.0
KIN VISC(mm2/s,135 C): 262
STIFFNESS (kPa): 59 STIFFNESS (kPa) : 137
STRUCTURE RUT DEPTHS
TOTAL ASPHALT PAVEMENT THICKNESS : 73 mm AVERAGE: 7.0 mm

TOTAL BASE THICKNESS : 223 mm RANGE: 4 - 10 mm
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TABLE B-39 SITE MATERIALS DATA
SITE: 39 PROJECT: 2:32 KILOMETER: 2.55

PROJECT DESCRIPTION: SBL - Jct highway 39 to Edmonton south city limit

MiX
DESIGN - DENSITY (kg/m3): 2,322 STABILITY (N): 9,600
% AIR VOIDS: L.5 FLOW (mm) : 2.1
3 VMA: 14,6
% ASPHALT: 5.8
FIELD - DENSITY (kg/m3?): 2,352 CORES - DENSITY: 2.270
% AIR VOIDS: 3.2 2 AIR VOIDS: 6.6
3 VMA: 13.5 X COMPACTION: 96.5
T ASPHA.T: 5.9
1987 - DENSITY (kg/m3): 2,326 AGE: 8 years
2 AIR VO!DS: L.5
< VMA: 4.4
AGGREGATE
SIEVE 16000 12500 10000 5000 1250 630 3156 160 80
DESIGN 95. 83. YAl 56. 38. 32.5 26.0 15.5 10.1
AS-BUILT 92. 86 67. L, 32.5 2L4.5 16.0 10.0
1987 97. 88. 76  55. Lo. 36.8 24.0 L.5 9.9
ASPHALT RHEOLOGY
ORIGINAL ABSON
PENETRATION (dmm,25 C): 230 PENETRATION (dmm, 25 C): 194
ABS VISC(Pa.s,60 C): 54.5 ABS VISC(Pa.s,60 C): B84.6
KIN VISC(mm2/s,135 C): 264
STIFFNESS (kPa): L3 STIFFNESS (kPa): 180
STRUCTURE RUT DEPTHS
TOi AL ASPHALT PAVEMENT THICKNESS : 310 mm AVERAGE: 28.5 mm

TOTAL BASE THICKNESS : - RANGE: 28 - 29 mm



TABLE R-40 SITE MATERIALS DATA

SITE: 40 PROJECT: 520:02 KILOMETER: 44.81

PROJECT DESCRIPTION: Jct highway 22 to Jct highway 2

DESIGN -

FIELD -

1987 -

SIEVE
DESIGN
AS-BUILT
198~

MIX DATA
DENSITY (kg/m3 : 2,315
2 AIR VOIDS: L.o
$ VMA: 15.2
% ASPHALT: ]
DENSITY (kg/m3): 2 369 CORE
% AIR VOIDS: 1.9
3 VMA: -
2 ASPHALT: -7
DENSITY (kg/m3): 2,211
2 AIR VOIDS: 9.2
2 VMA: 18.3
AGGREGATE
16000 12500 10000 5000 1250
100. 87. 72 L7. 26.
100. 83 62, 33.
99. 95. 86 61. 33.

[
J

STABILITY (N): 4,870

FLOW (mm): 2.4
- DENSITY: 2,23k
2 AIR VOIDS: 7.0
% COMPACTION: 94.3

AGE: 12 years

630 3.5 160 80

24.0 1L.0 11.7 9.5
2L.0 18.0 13.0 11.4
25.7 20.0 15.7 12.1

ASPHALT RHEOLOGY

ORIGINAL

PENETRATION (dmm,25 C): 270
ABS VISC (Pa.s,60 C): L,

STITEMESS (kPa) : b9

TOTAL ASPHALT PAVEMENT THICKNESS :

STRUCTURE

TOTAL BASE THICKNESS :

ABSON

PENETRATION (dmm,25 C): 61
ABS VISC(Pa.s,60 C): L7
KIN VISC(mm2/s,135 C): 532

STIFFNESS (kPa): 667
RUT DEPTHS

173 mm AVERAGE: 3.0 mm

RANGE: O - 9 mm
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METRES

METRES

METRES

PROJECT 529:04
KILOgETRE 2939

me( 13)

0.784

8.704

.74

0.724

PMS STRUCTURE

120 MM RACP, 1983
100 MM GBC, 1983
Ci—-CH SUBGRADE

PROJVECT 512:02
KILOMETRE _ 6.300
STE( W)

.08

9.004

9.04 1

PMS STRUCTURE
180 MM ACP, 1977
UNKNOWN SUBGRADE TYPE

PROJECT 524:04
KILOMETRE 18.242
SE( 15)

0.889

0.001

=
PMS STRUGTURE

125 MM 200- 300, 1982
100 MM GBC, 1983
unxuowu sbacm\oe

.48
-7

FIGURE B-1 SITE PROFILES (1 - 3)

-9

«d




METRES

-ETRES

METRES

PROJECT 24:02
KILOMETRE 4,628
STE( 4)

0 424

9 .40

$.384

.38

PMS STRUCTURE
50 MM 200-300, 1970
S0 MM ASBC, 1985
175 MM GBC, 1965
LOAM SUBGRADE

334

PROJECT 24:02
KILOMETRE 7.953
STE( S)

# 30

0.48 1

;a0

0.44 4

9.424

PMS STRUCTURE
50 MM 200-300, 1970
50 MM ASBC, 1965
305 MM GBC, 1965
LOAM SUBGRADE

9.40

PROJECT 21:12
KILOMETRE 34.400
SsFE( 8)

0.3

9.2

PMS STRUCTURE
S50 MM 200-300, 1970
S0 MM ASBC, 1967

150 MM SOIL CEMENT, 1967

SF-CL SUBGRADE

_"

v v

-2 -1

0 1
OFFSET

2

'Y
L2

FIGURE B-2 SITE PROFILES (4 - 6)

-
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METRES

METRES

METRES

PROJECT 21:12
KILOMETRE 38 325
me (7

.80
8.75 4
s.704 PMS STRUCTURE
75 MM 200-300, 1970
50 MM ASBC. 1967
150 MM SOIL CEMENT, 1967
|_Ct—cH SUBGRADE
8.08
PROJECT 1:10
KILOMETRE 9.000
STE( 8)
9.8
9.10 1
0.094
. y
PMS STRUCTURE
250 MM 200-300, 1975
o0t CL SUBGRADE
8.90
PROJECT 41A:02
KILOMETRE 6.870
SITE( 9)
9.34
9.324
$.304
9.20 1
9.264 PMS STRUCTURE
50 MM 200-300, 1973
S0 MM ASBC, 1966
0.2¢ 230 MM GBC, 1966
| cL_SUBGRADE
0.22 S S— . = ——p————— -
-7 -0 -8 -4 -3 -2 -1 [} 1 2 J L) 8 [} y
OFFSET

FIGURE B-3 SITE PROFILES (7 - 9)
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METRES

METRES

METRES

PROJECT 1:16
KILOMETRE 46.468
STE( 10)

8.88 1

PMS STRUCTURE
150 MM 150-200, 1982
280 MM GBC, 1982
CL SUPGRADE

L

PROJECT 1:.16
KILOMETRE 46.583
STE ( 11)

§.901

0.0

PMS STRUCTURE
150 MM 150-200, 1982
280 MM GBC, 1982
CL SUBGRADE

PROJECT 887:04
KILOMETRE 45.343
SITE ( 12)

8.44

.43

8.424

0.414

$.404

PMS STRUCTURE
150 MM RACP, 1984
100 MM GBC, 1984
CI—CH SUBGRADE

(] ]
-7

p——
-0

—
-8

M M P —y-

-3 -2 -t ] ! 2
OFFSET

e

FIGURE B-4 SITE PROFILES (10 - 12)

N ——
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METRES

METRES

METRES

%.00

PROJECT 22:28
moumin.ooo
sre( 1)

0.784

8.704

PMS STRUCTURE

100 MM 200- 300, 1983
50 MM ASBC, 1987

250 MM GBC, 1982

CH SUBGRADE

PROJECT 1A:02
KILOMETRE 10.%43
sme( 2)

0.784

.70

PMS STRUCTURE
100 MM 200- 300, 1980
150 MM GBC, 1980
LOAM SUBGRADE

9.88

PROJECT 2A:06

KILOMETRE 10.720
s.00 STE( 3)
8.78 4
8.704
0.084

PMS STRUCTURE
200 MM 200-300, 1975

8.804 CL SUBGRADE SO!L
0.08

v v g v ) 4 —

-8 -4 ~3 -2 H

o
OFFSET

FIGURE B-5 S _ PROFILES (13 - 15)

L3
-

«d
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METRES

METRES

METRES

PROJECT 507:02
KILOMETRE 29.25¢
STE( 16)

8.704

9.084

0.004

l.‘q

8.021

PMS STRUCTURE
125 MM RACP, 1983
150 UM GBC, 1983
Cl—CH SUBGRADE

PROJECT 16:12
JLOMETRE 21,895
SITE( 17)

9.004

0.784

$.704

PMS STRUCTURE
130 MM 120-150, 1983
SO0 MM ASBC, 1982
480 MM GBC, 1982
CL SUBGRADE

PROJECT 22:30
KILOMETRE 39.454
STE( 18)

8.704

PMS STRUCTURE
100 MM 200-300, 1982
SO0 MM ASBC, 1981
250 MM GBC, 1981
CL SUBGRADE

.08
-7

—

) 2

ﬁ v —p P—

4 -3 -2 -1 ]
OFFSET

'
-»

FIGURE B-6 SITE PROFILES ‘16 - 18)
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PROJECT 22:30
KILOMETRE 19.865
STE( 19)

0.684

METRES

8.801

078

PMS STRUCTURE
100 MM 200-300, 1981
S0 MM ASBC, 1980
200 UM GBC, 1980
BOULDERS OR ROCK SUBGRADE

]

PROJECT 11:12
KILOMETRE 9.580
SITE ( 20 )

8.84

METRES

8.74

1
PMS STRUCTURE
100 MM 200-300, 1856
S0 MM ASBC, 1935
50 MM GBC, 1955
BOULDERS OR ROCK SUBGRADE

0.804

METRES
[ _J
&

8.484

PMS STRUCTURE
100 MM 150-200, 1957

.38
-7

p—
-8

-
o
-
'

FIGURE B-7 SITE PROFILES (19 - 21)

L L
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PROJECT 11:08
KILOMETRE 38.938
STE ( 22)

0.00 1

METRES

6.48 1

PMS STRUCTURE
100 MM 200-300, 1974
S0 MM ASBC, 1971
300 MM GBC, 1971
CL SUBGRADE

0.40

PROJECT 11:08
KILOMETRE 29.268
STE ( 23)

8.6

METRES

8.2

8.1

“-\“\‘

PMS STRUCTURE
100 MM 200300, 1978
S0 MM ASBC, 1973
250 MM GBC, 1973
CL SUBGRADE

PROJECT 11:06
KILOMETRE 18.435
SITE (24 )

8.48 4

0.381

PMS STRUCTURE
100 MM 200~300, 1978
BC 1976

v p— —
-8 -4 -3 -2 -1 [ !

-4

FIGURE B-8 SITE PROFILES (22 - 24)
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METRES

METRES

METRES

164
PROJECT 11A:02
KILOMETRE 3.176
SITE ( 25)

.88
/’r
///,
8.804 .
8.481 ’ PMS STRUCTURE
75 MM 200- 300, 1970
50 MM ASBC, 1067
SU SUBGRADE
8.40
PROJECT 2A:18
mougmc 26,000
0.3 26)
8.301
8.2
PMS STRUCTURE
8.204 100 MM 150— zoo 1958
: 50 MM ASBC, 1958
300 MM GBC, 1osa
L_SC SUBGRADE
e.18
PROJECT 12:20
KILOMETRE 34.180
.00 SITE (27 )
0.584
6.804
PWS STRUCTURE
125 MM 150-200, 1978
§.481 100 MM GBC, 1978
CL SUBGRAOE
8.4 s s . e v, v M y T v . v
-7 -8 -8 -4 -3 -2 -1 ! 2 3 L] [ ] 4

0
OFFSET

FIGURE B-9 SITE PROFILES (256 - 27)



METRES

METRES

METRES
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PROJECT 12:20
KILOM‘TEPC :m
s.48 S 28 ) .
]
.40 4
0.384
PMS STRUCTU
9.304 S0 MM 200 300 1972
’ 50 MM ASBC, 19
200 MM GBC, 1070
| CL SUBGRADE
s.28
0.80
0024
8.404 "
PMS STRUCTURE
8.381 63 MM 200—300 1967
’ S0 MM ASBC, 1
150 MM SOIL CEMENTJOG3
SW SUBGRADE
s.30 .
PROJECT 49:02
KILONHF;ETRE 1.396
0.4 S 30)
0.404
0.384
’5‘335":‘"%“;& 1081
8391 SO MM ASBC. 1979
1‘0 UN soiL CEMENT, 1979
Ci—=CH SUBGRADE
.20 - - — - v - - - v -
-7 -6 -8 - -3 ~2 -1 H } 3 H H H 4

FIGURE B-10 SITE PROFILES (28 - 30)



METRES

METRES

METRES

PROJECT 49:04
KILOMETRE 18.389
STE ( 31)

166

6.78 9

9.704

PMS STRUCTURE
200 MM 200- 300 1909
Cl CH SUBGRAD

s.08
PROJECT 35:12
KILOMETRE 42.17¢
e.50 S E‘(T 32 L
8484
8.404 PMS STRUCTUR
100 MM 200~ 300 1978
S0 MM ASBC
150 MM SOIL CEMENT 1973
/ C! SUBGRADE
.38
PROJECT 35:18
KILOsMrFETRES?.LiW
s.58
T
.80

0.484

6.404

PMS STRUCTURE

100 MM 200-300, 1977
S0 MM ASBC, 1974
300 MM GBC, 1974
Cl SUBGRADE

-7

-
-8

g
-4

-3 -2 )

FIGURE B-11

ﬂ
'Y
-

SITE PROFILES (31 - 33)



METRES

METRES

METRES

PROJECT 881:12
KILOMETRE 11.190
SITE ( 34)

8.841

8.024

8.004

8.701

PM"  "RUCTURE
180 M ACP? 1978
UNKNOWN SUBGRADE

3

PROJECT 881:12
KILOMETRE 9.704
SME ( 35)

l.”1

PMS STRUCTURE

130 MM 200-300 1980
100 MM GBC 1980
UNKNOWN SUBGRADE

PROJECT 2:38
KILOMETRE 22.586
STE( 36)

9.081

| 2

8.984

PMS STRUCTURE
50 MM 200-300 1968
50 MM ASBC 1985
15C UM SC 1968

CL SUBGRADE

L 3
-

FIGURE B-12 SITE PROFILES (34 - 36)

[ T

167



PROJECT 2:40
KILOMETRE 38.578
SITE ( 37)

9.204

9.18 4

METRES

9.104

PMS STRUCTUR
50 M 200- 360 1968
50 MM ASBC 1967
150 MM SC 1967
|_CL SUBGRADE

.

PROJECT 63:01
KILOMETRE 37.395
SITE ( 38 )

9.104

9.08 1

METRES

94

PMS STRU
50 MM 200-300 1971
S50 MM ASBC 1969
175 MM SC 1969

CH SUBGRADE
' |

u—

.58 po—-
8.40 1

& .38

METR

8.304

PROJECT 2:32
KILOMETRE 2,551
STE ( 39)

1

PMS STRUCTURE
300 MM 200-300 1979
Cl—CH SUBGRAOE

-7

-
>

v v
-4 -3 -2 ~1 [ ! 2

FIGURE B-13 SITE PROFILES (37 - 39)

-
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METRES

PROJECT 520:02
KILOMETRE 44.808
SITE ( 40)

€.90

0.801

PMS STRUCTURE
100 MM 200-300 1975
UNKNOWN SUBGRADE

FIGURE B-14 SITE PROFILE (40)
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APPENDIX C
TRIAXIAL TESTING PROCEDURE

introduction

\n order to determine the permanent deformation of the mix samples
examined in this study, a repeated isad triaxial test apparatus connected to a
dynamic recording system was usec. The testing equipment at the University
of Alberta was intially set up for the type of testing conducted in this
research by Hadipour's. A detailed explanation of the equipment and
software used s given in Appendix D of that dissertation. This Appendix
provides an overview of the testing procedure and data collection without
attempting to detall the equipment and software specifications.

Test Equipment

A schematic representation c{ the testinqg equipment set up is shown in Figure
C-1.

Tn: applied !cad was measured by load cells (B) and the displacement of the
sarmpie un<. the applied load was measured by LVDT's (C. he confining
pressure was measured by a pressure transducer (H). T -se thiee sets of
measuring revice., were calibrated prior to the beginning of the test program
to assure accurate resuits coulo be obtained. Figure C-2 presents the
calibrations for each of the load ce .. and LVDT's.

The load is applied via pneuma'ic cyhnders to the loading bar which holds the
ioad cell. The load cell acts directly cn the lve '\ng ram of the triaxial cell.
The loading frequency 1s controlled by an electric timing 1t whicn operates
electric solenoid va: °'s which in turn control the air flow to the pneum.atic
cvlinders. The timing unit is set up to provide a 0.5 second on and 0.5 second
off ume. The actual load feit by the specimen, as measured by the 'oad cell,
1s shown in Figure C-3. This |loading does not appear as a square wsve -S
the supplied voltage signal does, but rather shows a buildup of the load uver
about the first 0.2 seconds followed by about 0.3 seconds of constant ica-
before dropping off.

During testing a computer system iogged the applied load and displacement at
a minimum of 1 sec intervals. Reauings were recorded for each sample f
each of the first 1000 seconds, then at 100 second intervais until 10000
readings and then 1000 second intervals until the endg of the test, up to a
maximum of 100000 readings. Because the recording equipment is only
capable of recording a maximum of one reading per second, the test start-up
has to be staggered. The first test ce!l is started, after 1000 readings of the
first cell the second ceil is started, after 1000 readings had been made on the
second cell the third cell is started.

The data is fogged into the data collection program in binary form. In order
to iransiate the binary data into meaningful deformation data a Lotus Macro
program used which used the calibration factors determined for the LVDT's to
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calculate the change i~ thickness of each sample and thus determine the
percent strain values.

Testing Procedure

The following describes the steps required for conducting the repcated load
triaxial testing. Prior to testing, each sample must be inspected to assure
sm¢ >th end surfaces *o facilitate uniform loading.

1. Piace the sampie on the base platen of he ioading cell and enciuse the
sample, base pliaten ard load cap in a gouble rubber membrane. Secure
the membranes with rubber ©-rings at the base piaten and loading cap.

2 install the tcp [ ~rtion of the triaxial cell and ensure that their is vertical
alignment w.:h tne icading ram to prevent any eccentric loading.

3. Place the triaxial cell into the appropri «: te< ' / and fill the the cell
with water. Connect the heat ¢ 1 sysien to the connectors for the
triaxial cell heating coil. {(Time 15 r- oy for 2 sample temperature to
rezch the test temperature. For this ) ~  as used for the 35° tests

and 4h for the 45° tests).

4, Use a 'U shar. , set the axial load. Remove the loading bar and
place the load . sty on the triaxial loading ram.

5. Connect the .\ . . ‘he mounting bracke: and adjust it until it i1s within
the voltage rang ibrated for.

6. Apply the confining pressure, check that the correct voltage 1s measured
by the pressure transducer. Bleed any air out of the trisxial cell.

7. Once all the cells have been set up and temperature equilibrium reached,
Initialize the computer program, providing the current test name, and start
the test in bay 1. Start ba > and 3 as 1000 readings have been taken
in the adjacent ce!'s.

The above procedure assumes that the test equipment :s already set up at the
proper oading frequency (3.5 sec on/off). The electric timing unit (R} controls
the loading frequency.
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Figure
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APPENI D
FIELD FORMED TEST SFECIMENS

Introduction

Testing programs are generaily conducted using laboratory prepared samples tn
order to assure ccnsistency and eliminate variations associated with field
production; as well as the logistics of obtaining field mix samples. In an
effort to better relate the resuits of the testing program to field conditions,
test specimans were formed in the field using plant produced mix and a hand
operated kneading comoactor. The objective was to compare the test results
of the laboratory and fieid prepared samples to determine how representative
the testing program is of the actual mix placed.

Field specimens were formed with four mixes from the two projects utitized
in this research. The samples irnclude recycled and virgin mixes and the
design data for these mixes 15 given in Table D-1.

Sampie Prepart .on

The samp'e preparation for the fielu formed specimens followed the procedure
reported by Hadipour'3® which ha been developed for the sampie preparation
in that study. Similar procedure ~ere used for both the field and laboratory
formed samples, except that difte «nt kneading compaction equipment was used

and the pressure and number of Dblows ~ltered for the laboratory
samples to result in more uniform densitic procedure requires 4080 g
of mix which 1s compacted into split mok . mm n heigit by 102 mm

diameter. The first 2720 g nf mix was compacted using 150 blows at a
compactive effort of 2.07 MPa; the final 1360 g was then given 110 b'ows ~t
3.45 MPa pressure. The specimen was then leveled with six blows of a marshall
nammer. Following the formation of the field samples this procedure a2c ‘ound
to resuit in too high of densities, however the samples were used as is for
this work.

The field kneading equipment is shown in Figure D-1. The apparatus is equipped
with a standard California kneading compactor foot complete with a heating
element. The equipment was calibrated using a proving ring which yieided the
calibration curve shown in Figure D-2. The moment applied to develop the
compactive force was measured using a standarc industrial type torque wrench.

Test Resuits

The strain values for the four field sample series are given in Table D-2. The
relative magnitude of the strains between series is fairly constant, though at
the 35° test temperature the 'FB' series strains more than the ‘FD’ series,
which is opposite tc the other two test temperatures. The test results are
shown graphically in Figure D-3.

Analysis

The strair data ‘or the field prepared sampies were analyzed subsequent to that
of the labura' > \ prepared samples reported in Chapter 6. The data for the field
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prepared samples were fit to a3 model form similar to the modeis presanted
in Chapter 6, but the temperatures was found to significantly impro.e the
mode! and was therefore included as an additional term. The best f:- ‘del
was determined as:

Logle) = -2.0591 + 0.1000+Log(N)
+ 0.0431#Log(N)#LoglAbson Stiffness)
+ 0.0248+#{ ogiN)»LogiAbson Stiffnessi*Log(% RAP)
+ 0.0402=Temperature

where ¢ = permanent strain (%)
N = number of load applications
Abson Stiffness = calculated st ffpess of Abson recovered binder
% RAP = percentage of reclaimed asphalt pavement in mix
Temperature = test remperature (*C)

This mode! has an r? 5f 0.7906 and does not show any lack-of-fit (probability s
0.05. The ANOVA ¢t this model is presented in Table D-3.

For the model developed here the quantity of RAP in the mix was determined to
be a contributing variable, but opposite in sign compared to the relationships
developea for the Laboratory prepared samples. For the field samples 1t «an be
seen that an increase in RAP content corresponds to increases in the predicted
strains. Also it is interesting to note that both interaction terms have positive
signs. This seems to suggest increased strain with increased binder stiffness,
however the temperature ‘Cc m aiso reflects the the stiffness of the binder and
results in a net reduction .r the strain value predicted for various binder stiffnesses
at the given temperatures. As well the binders are all of similar resultant asphait
grades which may have influenced the model.

Summary

Because the field formed samples were formed with such low air voids, direct
comparisons of behaviour to the Laboratory prepared samples was not done.
However two significant observations were made. Firstly, the sign of the % RAP
correlation to the measured strain shows that the % RAP is not necessarily a
causation variable and in fact may only reflect th- resultant rheology of the
binder. As ‘wvell, the form of the best fit modei, developed for the field
samples, is very similar to the model form developed in Chapter Vi.  This shows
that Laboratory prepared samples do offer an insight as to the behaviour of plant
mixed asphait concrete pavement, at least under laboratory conditions.



179

SOULSIHALIVHVHI NINIDIJS 01314 +- Navl

- |axey aso0y 12 | L 661 T gine itz NIBYIA 6-4i
0 LSy {9°9lt S8 - |eyey 3s009 t°t [9°002 g s 11244 NISNIA 8-04
- Jaye) 93009 1°2 |L°661 g lint gz NISYIA L-94
0°€gf G°SLt | St - Jexe) 98009 €1 1g°661 T oyt (18444 NIBW'A 9-44
0G0y |2°661 | Lot - [axe] 93009 2 (97007 99142 1844 NISYIA 9-04
- ]awey asoo0y £°1 |]6°9g61 (S L114 e NIDVUIA %-84
- {axey #s009 o't (€102 (3% 44 14 1R ¢44 NIJYIA -a4
0°'ggy [f-aif S8 - Jaye] @s009 y'1 ]5°661 v LlE92  T1£44 NIDYIA z-94
0st Ly oLg - {aney asooy 1t (L6641 13X 1514 18444 MISMIA 1-44
\J, dS |awey 23s009 0’1 |2°661 2:9y42 | 1986522 | SL/ST=A/Y 6-vi4
05t lgremt | €T ), dS |ave) aso0y €1 |g°g61 LSy | 14E9S2T | SL/ST=A/N g-v4
'3, dS |ane] 3so09 1°1 |6°961 6 1992 | 1995522 | SL/ST=A/Y l-v4
), dS |Iney 3soo09 't |9°002 02wt | 198992z | SL/ST=A/M 9-v4
£114 sEL | £ .3, dS |ane] @soo09y 1t {9961 Loy | 1985522 | SL/ST=A/M §-v4
.J), dS |ane] 3s009 'L |9 g6l 9-6E92 | 1W@SSTZ | SL/ST=A/N n-v4
,). ¢S |aney asoo09 1 g6t 9-6E4Z | 149SSTT | SL/SC=A/N f-v4
), dS |ane] asoo0y o'l |L°861 L°SenT | 1weS9ZT | SL/ST=A/Y “-v4
184 sg | 091 \J, d$ |ane) 23009 U1 |60 L6l g €ynz | 190SSTT | SL/ST=A/Y 1-v4
JSHA ISHA JSHA JASIA
NI sgy  N1d NI S8y N3d | 328n0y 30UN0S | SOIOA | (ww)
A90103IHY NOSS8Y A90103HY N9 1530 dvy | 31v9Iy99v yiv 2| ALISNIO 1M 3dAL | 2awvS
L ved




180

_o~"~ AH [spiesndeg 6t |€ 107 6-2L8T | 1vanlTl | $8/S1=A/N 6-04
‘25 {9°90% sL 92:2 MW |spPiej%de|9 gt |6°002 6-9L€T | 1uaNLZT | 98/S1=A/N 8-04
‘026 1w 9at " 92:T MH (sPIejwoe (g o'z |10l G 69€Z | 1uenlTT | S8/S1=A/N L-04
92:7 AH |spieande|d 0°t |9°002 Y ULET | 1uenltt | $8/S51=A/N 9-04
-gny  [[°9S2 06 92:7 AH [spiejwoe(d ' L tot 1°99€Z | 140yl | $8/51=A/Y S-04
92:7 AW |<PiTjno®18 1" |€° 102 099z | ruenlzz | $8/51=A/¥ 4-04
9Z:7 MH |spieEsndeig o't [L°661 L°€6€2 | twaelZt | 98/9t=A/Y £-04
92:7 AH |SPi®jn2e(d 0'L |0"ZOT C-96€z | 1ueel2 | $8/Si=A/¥ T-04
0°9L€ {L-991L [gut a2 08 | 0Ll [92:Z MW |sPi®indeig "1 {67102 0°€6€2 | t9eyLZZ | 98/9t=A/Y 1-04
1zy vy ot $6 ¥, dS |¥ne) 98009 Lt |y 00t S 9ta2 9cze | SL/S5t=A/N 6-34
¥, dS ' 3ne] 95009 z°t L7661 L gy gfzzr | SL/St=A/¥ 8-34
‘6Zy |o-<z? 06 ¥, dS |ane) 3s009 1'1 16°96¢ 1° 098 e€zer | SL/ST=A/N (-4
N, d5 |aney 3s009 6t [y 102 6°1E42 9222 | SL/92=A/M 9-34
Ly |6 L¢t 56 ¥, dS [@1e®] 98009 $°1 |g 002 6 1992 etzee | 9L/9T=A/v $-34
V. 45 |ene) @s009 w1 |greoz (94114 afzze | SL/ST=A/N 4-34
‘o2 €-l2T 88 ¥, dS |ane] asoo9 Lt |L°661 9 9EsZ ezt | SL/9%=A/N €-34
¥, dS |9e] 83009 L1 8861 1Al A4 14 afzee | SL/9T=A/M -2
1144 9y | otz | (v, dS [dne) 33009 L {9 L6t L6492 ezt | 9L/St=A/¥ t-04

ISIA  ISIA ISIA ISIA

N sQvy  Nid NiX say  N3d | 3IwnGS 3280n0S | SAI0A (ww)
A90103HY NOSEY A90703HY N21S30 dvy | 31v93¥99Y YV 1 ALISNIO iSM 3dAl | 3dWYS
T usd)

SII11SIHILIVHVHI NIWIDIJIS J1314 1-Q IEvL




181

TABLE D-2 PERCENT PERMANENT STRAIN - FIELD SERIES

Temperature N FA F8 FC FO

25 10 0.18) (0.12) 0.130 (0.07) | 0.152 (0.08) | 0.213 (0.10)
50 0.407 (0.17) 0.258 (0.12) 0.353 (0.0) 0.412 (0.15)
100 0.526 (0.19) | 0.326 (0.15) | 0.460 (0.13) | 0.503 (0.17)
1000 1.077 (0.27) 0.580 (0.26) 0.919 (0.26) 0.891 (0.31)
5000 1.62) (0.36) | 0.788 (0.40) 1.349 (0.41) 1.201 (0.42)
10000 1.889 (0.42) 0.887 (0.46) 1.563 (0.49) 1.345 (0.46)
20000 | 2.181 (0.47) 0.99¢ (0.52) 1.786 (0.60) 1.493 (0.50)
30000 | 2.353 (0.52) 1.054 (0.58) 1.926 (0.68) 1.582 (0.54)
40000 | 2.4LB9 (0.54) 1.100 (0.58) 2.032 (0.76) 1.645 (0.56)
50000 | 2.598 (0.55) 1.133 (0.60) 2.115 (0.82) 1.691 (0.58)
60000 | 2.687 (0.57) 1.162 (0.62) | 2.186 (0.87) 1.735 (0.59)
70000 | 2.763 (0.58) 1.187 (0.63) | 2.248 (0.92) 1.772 (0.60)

15 10 0.314 (0.05) 0.223 (0.07) | 0.184 (0.10) | 0.174 (0.05)
50 0.634 (0.09) 0.393 (0.09) | 0.288 (0.3W) 0.336 (0.06)
100 0.805 (0.11) 0.h74 (0.10) | 0.399 (0.40) 0.376 (0.05)
1000 1.706 (0.'9) | 0.824 (0.21) 1.055 (0.42) | 0.672 {(0.04)
5000 2.83k (0.16) 1.207 (0.37) 1.6k (0.46) 0.978 (0.01)
10000 | 3.484 (0.10) 1.420 (0.49) 1.970 (0.51) 1.137 (0.05)
20000 | 4.235 (0.10) 1.631 (0.56) | 2.328 (0.57) 1.349 (0.09)
30000 | 4.729 (0.16) 1.809 (0.67) 2.546 (0.60) 1.509 (0.10)
L0000 | 5.121 (0.26) 1.966 (0.78) | 2.699 (0.6k) 1.633 (0.1))
50000 | 5.457 (0.38) 2.117 (0.90) 2.831 (0.67) 1.768 (0.12)
60000 | 5.786 (0.53) 2.270 (1.03) | 2.943 (0.70) 1.869 (0.13)
70000 | 6.109 (0.70) 2.636 (1.17) | 3.047 (0.74) 1.984 (0.16)

45 10 0.586 (0.23) 0.308 (0.08) | 0.420 (0.03) 0.336 (0.10)
50 1.064 (0.27) | 0.592 (0.21) | 0.852 (0.06) | 0.643 (0.23)
100 1.330 (0.30) | 0.740 (0.28) 1.100 (0.09) | 0.805 (0.30)
1000 2.630 (0.35) 1.371 (0.57) | 2.289 (0.40) 1.570 (0.57)
5000 h.243 (0.41) 1.991 (0.81) | 3.691 (0.97) | 2.478 (0.81)
10000 | 5.147 (0.49) 2.334 (0.95) k.80 (1.26) 3.079 (0.97)
20000 | 6.220 (0.50) 2.764 (1.12) 5.439 (1.58) 3.941 (1.21)
30000 | 7.015 (0.48) 3.099 (1.23) | 6.161 (1.74) | &.725 (1.37)
40000 | 7.7'8 (0.42) 3.602 (1.34) | 6.835 (1.86) | 5.500 (1.42)
50000 | 8.277 (0.23) 3.705 (1.k5) 7.4k6 (2.00) 6.231 (1.38)
60000 | 8.750 (0.52) 4.009 (1.58) | 8.697 (2.55) --
70000 | 9.674 (1.05) - - 11.29% ( - ) - -

Bracketed values are standard deviation for the average strain values
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TABLE D-3 STATISTICS FOR FIELD SAMPLE MODEL

INTERCEPT -2.05915

MULTIPLE CORRELATION .88920

STD. ERROR OF ESTIMATE .13628

R-SQUARED .79067

VARIABLE MEAN STD. CORRELATION REGRESSION STD. ERROR  COMPUTED

NO. DEV. X VS Y COEFF. OF REG.COEF. T VALUE
1 4.100 4862 .3711 .10004067 .0205 4.878)
2 8.619 2.7069 -.3332 .04309155 .0065 6.6640
3 8.295 5.8606 .2495 .02487LLL .0013 19.0025
L 35.080 8.4489 .6439 .04LO20077 .0019 20.8317

DEPENDENT
5 -339 .2963

ANALYSIS OF VARIANCE FOR THE REGRESSION

SOURCE OF VARIATION DEGREES SUM OF ME AN
GF FREEDOM SQUARES SQUARES
ATTRIBUTABLE TO REGRESSION h 25.9540 6.4885
DEVIATION FROM REGRESSION 370 6.8713 .0186
TOTAL 374 32.8253
Lack of Fit 140 2.4661 0.0176
Pure Error 231 L.L051 0.0190

F value = 0.92
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FIGURE D-1 FIELD KNEADING COMPACTOR

A. Torque Wrench D. Split Molid
8. Press Frame E. Swivel Base
C. Heater Cord F. Heated Compaction Foot
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FIGURE D-2 CALIBRATION CURVE FOR FIELD KNEADING COMPACTOR
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APPENDIX E
DATA HANDLING

introduction

The amount of data collected for both the repeated load and field stages of this
project were voiuminous and thus lent itself to computer applications. The
Database management program chosen to handle the large amount of information
collected was FOCUS, a software product marketed by Information Builders of New
York. The FOCUS system utilized (release 5.5) operated under TSO/VMS on the
Government of Alberta's IBM 370 type mainframe computer.

The mainframe FOCUS system was used to maintain the databases utilized for this
project and to perform manipulations on large smounts of data, as 'well as acting
as an interface medium for generating picts using dats from within the
databases, and finally to conduct the statistical analysis.

Database Design

Two separate databases were used for this investigation, one for each of the
two stages. Figures IV-7 and Vi-1 show the rational design of the file hierarchy
and the data fields for each segment. For the field study, data was inputted into
the database using specifically designed CRT screens which facilitsted both the
entry and editing of data. For the Laboratory testing portion of the study the data
was collected by the data logging program, and reduced using a LOTUS 123 macro.
{Appendix B describes the data collection for the Laboratory testing). The
reduced data was then downioaded into mainframe TSO files and subsequently
read into the FOCUS database using a FOCUS fixform modify program. The
materials data for the Laboratory portion of the study was loaded into the
database using entry screens as for the field study.

Data Manipulation

Once the database has been created, FOCUS provides powerful syntax for further
manipulations. FOCUS is a fourth generation language (4GL) and as such accepts
simple english type commands to select and sort data. FOCUS command files,
or focexec’s, allow numerous subsets of selected data to be created which can
subsequently be used for either creating report quslity graphics, as presented within
this report, or for statistical analysis of specific groups of data. The analysis of
the Laborstory test data used numerous data subsets created this way to look at
the different sampile series individually.

Statistical Tools

The statistical! analysis facilities available under FOCUS offer a number of
procedures for cailculating various statistics. The procedures utilized for this
study were Corre (correlation matrix), Stepr (stepwise multipie regression), and
Multr (muitiple regression).

The Corre routine calculates the individual correlation coefficients between all of
the variables selected. As well, the calculated means and standard deviations are
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given in the output. This routine p.oved useful as an .nitial step in identifying
the significant parameters; and also allowed the interactions between variables to
be examined. The results from each corre analysis directly influenced the
development of various model forms which were then anatyzed further.

The FQOCUS Stepr routine uses a forward selection procedure?® to select the
independant variable entered into the model at each step of the regression analysis.
The program aliows for the choice of any of the database fields for dependant

and indec: ~“nt variables. Each step then attempts to reduce the sum of
sc.ares the , eatest zmcunt, thus selecting the variable with the next highest partial
correlation to the dependant variable. As well the user -~an force specific
variables to be included a5 part of the mode!; th : for this study to
examine specific models which were not selected L, "¢ .edure. The outpwy*
from the stepr routine includes the selected model, the 4 “ssion coeffici-

the F value and t values for the individual coefficients. ‘ihe F value is o~.i.

as the ratio of the average sum of squares attributable to the regression, to the
mean square deviations from the regression and indicates the overall significance
of the regression equation. The t value is the ratio of the regression coefficient
to the standard error of the regression, and indicates the significance of individual
coeficients,

The Multr program performs regression analysis for linear modeis. The Stepr
program was used to determine the model final form and then Multr was used to
produce the final statistics as presented in Chapters |V and VI.



