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APPLICATION OF CREEP TEST FOR PREDICTING

ML ITTIAI7™ IAl D AP A AFSLCMNMITIALIT™ AAIVIIT™I I

Abstract: Permanent deformation in asphalt pavements has been a major
problem

for many years due to higher degree of temperature in summer, heavier axle
loading and tire pressure and improper selection, design, construction of
materials. The main objective of this work is to applicate a prediction model for
permanent strain occurred in asphalt concrete pavement under the local

conditions.

The cyclic creep- recovery test has been employed for characterizing the
deformation- time relationship at various temperatures. Wheel track test in
addition to Marshall test have been conducted on the selected asphalt paving
materials in order to evaluate their rutting( permanent deformation )

susceptibility under different variables.

Rutting model is constructed to predict layer rutting depending on the
permanent deformation parameters calculated from uniaxial repeated cyclic
creep- recovery test, therefore, three levels of stresses are applied under three
levels of temperature to cover all conditions . The pavement response under
various loading has been evaluated by using KENLAYER software for pavement

structure which consisted of five layers.
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CHAPTER ! Introduction

CHAPTER ONE

INTRODUCTION

V. \: Introduction

Permanent deformation ( rutting ) of asphalt pavements has a major

impact on pavement performance particularly in hot climates and at
intersections. Rutting reduces the useful living service of the pavement and, by
affecting vehicle handling characteristics, creates serious hazards for highway

users (Jorge et al., Y43)),
The stability properties of an asphalt mix are not well defined, but

may be expressed as the resistance of mix to pavement rutting

under

varying conditions of climate and traffic loading. Therefore, the need

has

been found for the development of a laboratory test method to

predict the amount of rutting that would occur in a pavement ( Van

Yy



de Loo, Y4V£). In many instances ruts are noticeable only after a rainfall,
when the wheel paths are filled with water. Rutting stems from the
permanent deformation in any of the pavement layers or the subgrade,
usually caused by the consolidation or lateral movement of the material

due to traffic loads ( Yang, Y14Y).

A primary concern of most pavement  structural design is
procedures to control permanent deformation and fatigue crack . This is
achieved by estimating the cover thickness of high quality materials
required to protect natural subgrade against the compressive stresses

forms, and thus limiting

CHAPTER ! Introduction

Deformation within acceptable limits of time. Which one this approach
has lead to the development of various relationships for acceptable rut
depth limit and acceptable crack extent and the various measures of
material and traffic properties, enabling the design of adequate

pavement structures ( Freeme, Y4AY),

Due to the deterioration and ageing of road networks, the

models

(or the principles behind them) were also used for improved

management

and planning techniques, and for the economic justification of
expenditures and standards in the highway sector. Therefore, in

modern

Y¢



pavement management systems, the routine measurement and
prediction of rutting has become an important performance criteria
as a result of the influence of rutting on road roughness, dynamic

loads and safety

( based on the hazard of bonding water ), all of which influence the

road

user costs of vehicle operation and accidents ( Louw, Y+ V).

V.Y : The objectives of this Study

This study aims to:

). Formulate a model to predict the permanent strain by using
repeated cyclic creep and recovery test which is developed in
asphalt layers under the repetitive action of traffic.

Y. Investigate the main factors related to the permanent strain of
asphalt concrete including the number of repetitions, stress state

and ambient temperature.

Yo



CHAPTER ! Introduction

\.¥ : Layout of Thesis

This study consists of five chapters in which the following topics are

addressed : in chapter one the introduction to the problem is discussed in

addition to the objectives of this study.

In chapter two ( Review of Literature ), topics related to permanent
deformation are considered including: introduction, mechanisms of
rutting, permanent deformation criteria, effect of restricted zone,

pervious methods to predict rut depth and factors influencing rutting.

Through chapter three ( Materials and Testing ), the emphasis is
placed on the properties of the materials used in this work including
asphalt cement, mineral filler and aggregate. In this chapter, the test
methods and results including Marshall test, uniaxial repeated cyclic
creep test and wheel tracking test are also included and conclusions of

these results as well.

Chapter four includes the construction of the proposed model to
predict permanent strain. The main conclusions and recommendations

are presented in chapter five.

Y1



CHAPTER ' Review of Literature

CHAPTER TWO

REVIEW OF LITERATURE

Y.\ : Introduction

The distortion ( or permanent deformation ) mode of distress in
asphalt pavement that results from both traffic and non-traffic

associated causes is summarized in Table ( Y-) ) ( Monismith and Salam,

YAvY),

General causes | Specific causative factor Example of distress

Single or comparatively Plastic ﬂOW(Shear distortion

few excessive loads

Long —term ( or static) | Creep ( time dependent)

load deformation

Yv



Traffic Repetitive traffic loading | Rutting ( resulting from

. (generally a largd accumulation of the small
associated

number )
permanent deformation

of repetitions) ) )
associated with passage

of wheel load)

Expansive subgrade soil | Swell or shrinkage

Compressible material | Consolidation settlement

Non — traffic | underlying pavement

structure

associated _ _
Frost — susceptible Heave ( particularly
material differential amounts )

Table (Y-1) Permanent Deformation Mode of Distress in

CHAPTER ' Review of Literature

In general, rutting in local asphalt pavement has been a major
problem for many years especially with greater wheel loads and
higher pressures. Permanent deformation or rutting occurs as longitudinal
depressions in wheel path. This type of distress may occur due to
repeated application of high stresses on the subgrade or by inadequate
shear strength of the hot mix asphalt structure. Rutting may be caused
by inadequate results from pavement layers which are too thin or

weakened subgrade due to moisture or poor compaction. Rutting

YA



can also occur due to low shear strength in the local asphalt
pavement , which results in accumulation of irrecoverable strain
resulting from applied wheel loads. This results in a combination of
consolidation and / or lateral movement of the un local asphalt
pavement der traffic. Shear failure ( lateral movement ) in a local

asphalt pavement generally occurs in top Y** mm (¢ in ) (Eugene et al.,

Yoy,

Rutting decreases the useful life of a pavement and creates a safety
hazard. Higher traffic volumes and the increase use of radial tire

(higher inflation pressures) have increased the potential for rutting.

Bolk, ( Y3AY ) classified rutting into two types : Primary rutting
which is defined as the total permanent deformation of bituminous

bound

layer in the wheel track. Secondary rutting, which is often a
accompanied by cracking, has its origin in the non — bituminous

components of the

pavement. Primary rutting may be a result of plastic and / or viscous
deformation of the bituminous materials, and wear of the bituminous top
layer. Rutting has effects not only on the serviceability, but excessive
rutting affects also on hydroplaning by freezing of pounded water to
result in the icing condition that lead to loss of vehicle control and

pavement

bearing capacity.

A\
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Y.Y : Mechanisms of Rutting

Traffic — associated permanent deformation, and rutting in

particular,

results from a rather complex combination of densification and

plastic

flow mechanisms. Densification, according to Paterson()3VA), is the
change in the volume of material as a result of the tighter packing of the
material particles and some times also the degradation of particles
into smaller size. Rutting due to densification is usually fairly wide and
uniform in the longitudinal direction with heaving on the surface
seldom occurring, as illustrated in Figure Y.). The degree of
densification depends greatly on the compaction specification that
should be selected in accordance with  expected loadings and
pavement type. Failure to reach specified compaction during
construction will result in an increase of densification under traffic,

most of which occurs early in the life of the pavement.

The deformation within the pavement may be located within a single
weak layer, or more frequencies distributed through the depth of the

pavement, as illustrated in Figure Y-).
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Dansifcation distriouta d Dansification within
through pavemen single pavamant
ginuchura lawar

I Favamant Layar 1
B apmii—

Favamant Layar 2

Sungrada

Figure Y-): Typical rut profile as result of densification

(Paterson, Y4AY)

Plastic flow involves essentially no volume change, and give rise to
shear displacement in which both depression and heave are usually
manifested. Plastic flow occurs when the shear stresses imposed by
traffic exceed the inherent strength of the pavement layers (
Paterson, Y3AY ). The rutting in this case is usually characterized by

heaving on the surface along side of the wheel paths, as illustrated in

™



Figure Y-Y . Plastic flow is controlled through the structural and
material design specification, which are normally based on a measure

of the shear strength of the materials used for example, the California

Bearing Ratio (CBR) for soils, and Marshall and Hveem stability for

CHAPTER ' Review of Literature

The best known example of plastic flow is shoving within the asphalt

layers, as illustrated in Figure Y-Y.

Heaving alongside Depression within
wheelpath wheelpath

N R

Asphalt layer

Pavement layer 1

Pavement layer 2

Subgrade

Figure Y.Y: Typical rut profile as result of plastic flow(shoving)

( Paterson, Y4 AY)

Y.Y : Permanent Deformation (Rutting) Criteria

Y'Y



The Federal Highway Administration ()4Y?%) has classified rutting into

four levels of severity as below :

Table (Y-Y) Rut Depth According to FHWA.

Mean rut depth Severity Level

Yoo+ Yo in hydroplaning

« Yo_ 04 in low

«.0v -V v in medium

>\."in h|gh

CHAPTER ' Review of Literature

Allowable rut depth may be limited by both safety and structure
consideration. For example, pavement failure in United Kingdom is
defined as a rut depth of +.Yo to *.A+in. (Y3-Y* mm ) measured by a 1.-
ft ( Y.Am )straight edge ( Lister and Addis, Y4Y1 ). It is suggested that rut
depths up to approximately *.¢ in ( Y*mm ) do not cause loss of
structural strength. For a cross slope of Y.¢ significant percent (generally
used in the united kingdom ), Lister and Addis( Y3Y1 ) have found that
ruts deeper than approximately +.° in. ('Y mm ) result in pounding of

water which could cause hydroplaning or loss of skid resistance. This

Yy



corroborates Barks dale's finding as noted above. Verstraeten et al.
(YAVYY) have determined that the rut slope ( ratio of rut depth to one-half

its width ) should not exceed Y percent for good riding quality.

Y.t : Effect of restricted zone on rutting

More than ninety percent of local asphalt pavement consists of
aggregates. The stability of local asphalt pavement largely depends on

aggregate properties.

Gradation of aggregates is the single most important property that
determines the stability of mix. Mixes containing different aggregate
gradations are likely to have different stability and different rutting
potential. Hence, any laboratory rut tester should be evaluated on the
basis of its ability to characterize mixes with different aggregate

gradations.

The Superior Performing Asphalt Pavements ( Superpave ) system has

specified a restricted zone through which aggregate gradations are

recommended that no passing with its to avoid stability problems.

with gradations above the restricted zone are known as fine mixes, and

those passing below the restricted zone are known as coarse mixes. It is

Y



believed that mixes with gradations passing above, through and below
restricted zone would differ significantly in their rutting potential. To
obtain relatively stable mixes, superpave recommends the use of below

restricted zone gradations for pavements with high traffic volumes.

Apart from gradation and type of aggregate the top size of
aggregate is also believed to have significant effect on rutting potential.
Experience shows that stiff binder course with bigger aggregates have less
rutting potential compared to relatively more flexible wearing courses

with finer aggregates and higher binder content (Kandhal and Mallick ,
1444,

Y. ¢: Pervious Models to Predict Rutting

Many procedures are available for the estimation of the amount of

rutting from repeated traffic loading as shown below:

Uzan Model : Uzan ( Y34AY ) has developed a model by using repeated
load testing to predict permanent strain. This model is dependent on the
number of repetitions, resilient strain and characteristics of materials. The

form of this model is :

Yo



Where:

€p = permanent strain ( mm/mm).

N= number of repetitions.

W, a = characteristics of materials based on intercept and slope

coefficients.

Shakir model : Shakir (Y134 )has developed a model by using wheel
tracking test. This is model dependent on the number of cycles, asphalt
layer thickness, rate of rutting and viscosity for the wheel tracking and

practice mixtures. The general form this model is :

RD=z. h.Rr.Nv. [/ Ay ]

--------------------------------------------

In which:
RD = Rut depth (mm).
z = Correction factor for the difference in the state of stress
between wheel tracking test and practice.

h = Asphalt layer thickness(mm).

1



Rr = Rate of rutting at the last pass ( mm/mm/pass) from wheel
track.

v = Number of passes.
N & ny ~ = Viscosity for the wheel tracking and practice mixtures

respectively.

David Model: David and Deen (Y 4A+) have filled to their test data a third

order polynomial of the form:

Log €= C.+C) (log N)+ CY(log N)+ C¥(log N) ...oooovvrrrrrrnrnn. YT

In which the influences of stress state, time of loading and temperature

Mahboub model : Mahboub and Little (Y 4AA)have developed a model by
using uniaxial creep tests. This is model dependent on the number of
cycles and state of stress at peak cyclic. The equation represents this

model is :

YV



= accumulated, viscoplastic = deformation per cycle

N (mm/mm/cycle).

o

= peak cyclic stress ( KPa ).

a, b = regression parameters.

Carsten model : ( Carsten, Y++) ) has measured rut depth at a given
number of loads. Early in testing, the interval between rut measurements
is small and increases with the number of load repetitions. In this way, the
correlation between rut depth and number of loads is monitored. The rut

depth, Py at N loads estimated by the power function :

Py = rut depth at N loads ( mm ).
N = number of load repetitions ( cycle ).

a, b = regression coefficients.

YA
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Shami model : Shami et al. presented a temperature effect model to
predict rut depth based upon testing conducted at a given test
temperature and given number of cycles as cited by ( Jingnaetal., Y+ V).
The equation represents the model for laboratory test over a range of

temperatures and number of cycles is:

where :
R = predicted rut depth ( mm ).
R. = rut depth obtained at the test conditions T. and N. ( mm).
T, N = temperature and load cycles (°C, cycle ).

T., N. = temperature and load cycles at the R. (°C, cycle ).

The factors ( Y.1Ye, + YY1 ) are conducted for Georgia wheel tracking.

The previous models are not used for two reasons: first, the used
equipments are not available in the laboratory. Second, some of these
models are conducted under limited range for degrees of temperature

that are not fitting with the climate conditions in Iraq.

Y4
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¥Y.% : Factors Affecting Rutting

The resistance of pavement structures for rutting is dependent

on

a number of factors which are related to applied loads as ( traffic type
and traffic volume ), or the environment as ( temperature , moisture ),
the pavement structure ( materials used and their compositions ), the

construction process, or a combination of the above factors.

The general influence of the factors are based on the laboratory
findings and field observations of numerous experiments. These

factors are discussed in more detail below :

Y. 1. V: Traffic Characteristics

One of the most important factors that effect the increase of

pavement



deformation is the traffic characteristic, truck tire pressure, axle

loads

and volume of traffic.c On the basis of asphalt pavement strain
measurements, Addis et al., (Y3A7 ) reported that a ¢+ % increasing in
tire pressure would increase fatigue damage by Y1 % . Laboratory
measurements by Eisenmann et. al, ( Y4AY ) on a YY© mm thick asphalt
road surface model showed that rut depth development was
approximately linearly related to the average contact pressure
(independent on load ).Experimental measurements of asphalt layer
interface strains and surface deflection by Christison et al., (Y3YA) for a
variety of axle and tire configurations gave very similar results.
Christison's analysis of the measured strains in terms of pavement

damage indicated that a single tire theoretically Y-+ times worse than a

Haas and Papagiannakis (Y%A%) showed that increasing tire contact
pressure from £Y° KPa to AY: KPa at constant load, increased the
theoretical vertical compressive strain near the surface ofa Y+ mm thick
asphalt layer by up to a factor of eight, but hardly affected the strain at

the bottom of the layer.

Y. 1. Y: Temperature

&)



AASHTO ( Y3A1 ) indicates that the high temperature will affect
creep properties of the asphalt concrete and performance of asphalt
pavement by rutting. For practical purpose, temperature influences
factors can be divided into extrinsic and intrinsic categories. The extrinsic
factors are usually the weather conditions such as air temperature,
solar radiation, wind, precipitation, evaporation and condensation. The
intrinsic factors generally refer to the emission of long wave radiation
from the ground and thermal properties, which include thermal
conductivity, heat capacity and latent heat of fusion of the pavement
materials and subgrade. Among all extrinsic factors the ambient
temperature is the most important factor in the thermal equilibrium of

pavement( Bissada, Y3A+).

Hofstr and klomp (Y4VY) determined from test track measurements
that rutting increased by a factor of Yo+ to Yo+ with a temperature

increase From 1A °Fto Yé+ °F( Y+ °Cto 1+ °C).

Sultan( Y449) indicated that dynamic modulus of asphalt concrete is

very sensitive to temperature, as an example, dynamic modulus of asphalt

(n)is *.YV at €.2°C and +.¢%9 at 1+ °C. Louw(Y+*Y) hasshowed

that the dependence of the flow properties of bituminous mixtures on
temperature is due to changes in the rheological properties of the

binder, the dominant factor being the great dependence of viscosity on

&y



temperature and, from simulation tests and general experience it is
well known that the resistance to deformation of bituminous materials
decreases rapidly as temperature increases, especially if the ambient
temperature approaches or exceeds the softening points of the binders

used in such mixes.

The results obtained from creep test, , Marshall stiffness and wheel
tracking test for pervious research show that the deformation rate of

bituminous mixture depends on temperature.

Y. 1. ¥: Mixture Variables

The main factors associated with the material itself, which affect
the resistance to permanent deformations are binder grade, binder
guantity, filler, fine aggregates, compaction effort, mixing temperature
and aggregate shape. The Superior Performing Asphalt Pavements ( Super
Pave ) mix design system adequately addresses the aggregate and asphalt

binder properties that contribute to permanent deformation.

N. Mike and Baldwin, (Y142 ) show that excessive; asphalt cement,
excessive fine grained aggregate and high percentages of natural,
rounded aggregate particles are considered to be common material —
related causes of permanent deformation . Hughes and Charles, (Y34+ )

has

¢y



suggested that gradation is more important in minimizing rutting

CHAPTER ' Review of Literature

asphalt cement and additive properties. Experimentation has also shown
that the susceptibility to plastic deformation increases dramatically when
natural fine aggregate particles replace crushed particles in given

gradation ( Button et al., Y343 +),

Others have noted that interlocking aggregate particles will resist
flow when the binder content is not excessive. However the quality of
local aggregate, dictated by the geology of the region, has shown that

it has some control over local asphalt pavement rutting susceptibility.

Regions quality of crushed stone and angular natural sand have been
observed to exhibit a higher resistance to rutting ( Parker and Brown,
V44¢), Further it has been reported that medium graded mixture
provides significantly better performance in resisting permanent
deformation than coarse graded mixtures (Matthews and

Monismith,)14Y),
EL- Basyonny and Mamlouk, ( Y44 ) studied two asphalt concrete

mixture with nominal maximum sizes of Y4 mm and YV.® mm and they
found that asphalt content affects the rut depth of a specific pavement
section as estimated by the VESYS — YAM software. Mixtures prepared
using the aggregate gradation pass below the restricted zone

which has the least predicted rut depth among other gradation with

£¢



an average of Y*mm ina )+-year analysis period. They pass through
and above the restricted zone which has similar predicted rut depth
with an average of YYmm. The mixture with Y¥.° mm nominal
maximum aggregate size results in a rut depth less than Y% nominal
maximum aggregate size. The ¢.© % asphalt content mixtures result in
the least rut depth compared with other mixtures with an average of

Yo mm.

CHAPTER ' Review of Literature

The resistance to permanent deformation of an asphalt mix is also
dependent upon interaction between particles of the coarse aggregate
to form a mechanical interlocking structure; the higher the particle to
particle contact within the mix, the more resistant of mix to
deformation. Thus both the shape and texture of coarse aggregate are
of importance. It also has been found that higher content of stone lead
to lower deformation, but the most difficult case is to achieve the

required compaction ( Louw, Y« +Y),

Air void content within an asphalt mix also influences the behavior
of the mix. The higher percent of air voids, the mix more resistance
to deformation but due to the increased permeability to air, an
increased rate of hardening of the binder will occur, reducing the fatigue

life of the asphalt. If the air voids content is too low, the asphalt mix

¢0



will become unstable, resulting in plastic flow of the layer under

heavy traffic, slow moving loads or high maximum temperature.

According to road note Y) ( TRL, Y34¢ ), numerous studies

indicated that the minimum air voids after trafficking should always

exceed ¥ percent to avoid potential plastic flow, but should less than

o

percent to keep hardening of the binder (under tropical condition ) to a
minimum. Also one of the main problems in design of HMA is the
selection of a suitable binder content for a given gradation of aggregate.
From the point of view of deformation, asphalt mixes should contain
enough binder to give cohesion and to enable adequate compaction to

be

achieved. The binder content affects the mixture’s ability to resist

permanent deformation. The Marshall or Hveem method is generally

selected as a preliminary design tool in the determination of an

asphalt content. Monismith et al.,, ( Y3A® ) recommended that the
mixtures have an asphalt content such as the air void content would be
approximately ¢ percent. To exclude problems of instability and, thus,
permanent deformation, they recommended an absolute minimum of

three percent air voids. These criteria must necessarily be associated

€1



with mixtures of adequate stability resulting from the use of high quality

aggregates.

Y.V : A brief Introduction to The Present Model

A constitutive model for bituminous mixture subjected to repeated
cyclic loading has been presented to evaluate the elastic, plastic,
viscoelastic and vicoplastic components that are simultaneously
presented in the loading process for each cycle. The material properties
could be obtained from repeated cyclic creep and recovery test that are
conducted under various levels of compression stress under different

temperatures.

Each component varied with degrees of temperature. The materials
behave as a viscoelastic under low temperatures, whereas, in the high
temperatures, they behave as a compenation of viscoelastic and
viscoplastic. Because the environmental conditions in Iraq show higher
degrees of temperature, the model derived for this case is to consider the

effect of stress state and number of repetitions.
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Y .A: Analysis of Strain Components

The total strain ( & ) has recoverable and irrecoverable elements,
some of which are time dependent and some are time independent.
Therefore, the total strain could be resolved into four components for

each cycle, as below:
€t = Eet EpF EyetEip e Y-

where:

€. = elastic strain ( recoverable and time independent ),
€, = plastic strain ( irrecoverable and time independent ),
E€ve = Visco-elastic strain (recoverable and time dependent ),

€,p = Visco-plastic strain ( irrecoverable and time dependent ).

In typical schematic cycle as shown in Figure ( Y-Y ), it could be
observed that at t = t,, when load is applied, strain, €,, containing the
elastic and plastic components, appears instantaneously. As the specimen

undergoes creep (t,<t <ty ), visco-plastic and visco-elastic strain are built

EA



up. Once the load is removed in the period that follows ( ty<t <ty ), part
of the visco-elastic strain is recovered. At the end of the cycle, the residual
strain consists of the irrecoverable plastic and visco-plastic strain

components.

A brief analysis of each of the strain components and their
dependence on stress level, time and number of loading cycles is

presented below:
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Fig(Y-¥):Response Components From Creep-Recovery

Test of a Viscoelastic Plastic Material(Uzan et al., ' 4 AY)

Y. M. V: Elastic strain

The elastic strain is obtained from the recovery curves. It is equal to
the instantaneous decreases in the total strain that occurs when the load
is removed ( t =ty ) as shown in the Figure ( Y-V ). In the elastic strain,
each cycle is a function of stress, this strain was found to be a linear
function of stress which is independent from the number of loading

cycles.
Y. A, Y: Plastic Strain

The plastic strain component is evaluated through the creep curve. As
previously described in the Figure ( Y-Y )when specimen is loaded, the
strain consists of elastic and plastic. Therefore, the plastic strain is equal

to:
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The variation of the total plastic strain with the number of cycles is

a linear on log-log scale.
Y.A.¥: Visco-Elastic Strain

Adetailed analysis of the experimental findings reveals a nonlinear
dependence of the visco-elastic strain on time and stress level. The visco-
elastic strain is found to be independent from the number of the loading
cycles. Once the load is removed, visco-elastic strain appears as a function

of time and stress level.

Y. A. ¢: Visco-Plastic Strain

The Visco-plastic strain component is obtained by subtracting all the

previously evaluated strains from the total strain as shown in Figure ( Y-V

).

Ep(OotN)=€(0,t,N)-€(0)-5(0,N)-Epe(0,t).ccuen...... Y-A

o)
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CHPTER THREE

MATERIALS, TESEING AND RESULTS

Y.\ : Materials

The materials used in this study are widely available and currently
used in the road paving in Irag. These materials consist of asphalt

cement, aggregate and filler which are discussed in more detail below :

¥.).) : Asphalt cement

Penetration grade of asphalt cement used is ( £+-°+ ) from Daurah
refinery. The physical properties and tests of grade are presented in

Table (Y.))

¥.\.Y : Aggregates

oy



The aggregates ( crushed and uncrushed ) used in this work were

brought from the hot mix plants of Daurah. The source of aggregate is

TEST

UNITS | VALUES

from Nibaee quarry.

To produce identical, controlled gradation, aggregates were
sieved and recombined in the laboratory to obtain the selected
gradation according to the restricted zone shown in Figure (¥-)) within
the specification of ASTM D YeYe for (VY.® ) nominal maximum size.

The physical properties of the aggregates are shown in the Table ( ¥-Y)
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Penetration (Y¢°C, \++g,°sec) ASTM D-¢

\VARK

¢

Absolute viscosity at 1+ °C poise Yo

ASTM D- vy
Kinematics viscosity at ¥¢ °C Cts iy,
ASTM D- Y\v.
Ductility (Yo °C ,> cm/min) ASTM D- \\¥ cm -
Softening point (ring and ball ) ASTM °C o,
D-¥1
Specific gravity at Y °C ASTM D- V. V. 04y
Flash point ASTM D-4Y (Cleveland °C Yyy
Open-cup)

AFTER THIN FILM OVEN TEST

Penetration of residue ( Y¢°C, Y+ +gm, °sec) I "

ASTM D-¢
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Table ( ¥-Y) Physical Properties of Nibaee Aggregate

PROPERTY COARSE FINE

AGGREGATE AGGREGATE

Bulk specific gravity

(ASTM C- VYV and C- YYA)

Apparent specific gravity

(ASTMC- VYV and C- Y YA)

Percent water absorption

(ASTMC- VYV and C- Y YA)

Percent wear

(Los Angeles abrasion)ASTM C- \ ¥\

¥.\.Y : Mineral Filler

Three types of mineral filler have been used including: limestone dust,
hydrated lime ( both from Lime Factory in Karbala ) and ordinary Portland

cement.

oy
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¥.Y : Test Methods

¥.Y.) : Mixture Preparation

The aggregates are first dried to constant weight at Y)+°C,

separated into the desired size and recombined with mineral filler in

order
to meet the required gradation of each specimen.

The aggregates are then heated to a temperature of Y°+ ° C before
mixing with asphalt cement. The asphalt cement is heated to a
temperature, which produces a kinematic viscosity of ( YV« + Y+ )
centistokes (up to Y1Y° Cas an upper limit) using Y°+°C. Then, the
asphalt cement is weighed to the desired amount and added to the
heated aggregates, and mixed thoroughly until all aggregates particles

are coated with asphalt.

¥.Y.Y: Resistance to Plastic Flow ( Marshall Method )

The procedure of preparation and testing specimens according to

this

method are described in ASTM D-Y¢24_ A cylindrical specimen (1Y.2) mm

(Y.2 in) height with diameter (Y *).7) mm (£.* in) is compressed on the

oA



lateral surface by means of Marshall apparatus with a constant rate of

o« . Amm/min (Y in/min ) until the maximum load is reached .

The maximum load resistance and the corresponding strain values
are recorded as Marshall stability and flow respectively, at a test

temperature of 1+° C.

The bulk specific gravity and density (ASTM D - YVY1 ), theoretical (

maximum ) specific gravity ( ASTM D- Y+ £¢) ) and percent air voids

(ASTM D -YY+Y)are determined for each specimen. The test specim

014
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are compacted using Y blows/end.

Three specimens for each combination are tested and the

average results are reported.

¥.Y.¥ : Uniaxial Repeated Cyclic Creep Test

The uniaxial load compression creep test has been used for testing
asphalt mixes. The consolidation apparatus for soils, shown in Figure (¥-Y)
is employed to perform this test. The creep test specimens, ©+.A mm (¥
in. ) in diameter and Y*Y mm ( ¢ in. ) in height, are prepared in
accordance with ASTM D - Y+ V£, The test starts about Y¢ hours after

preparing specimens and allowed to cool at room temperature.

The specimens are placed in the chamber at the specific test
temperature for Y hours before testing (ASTM ). Creep tests are carried

out at a temperature of Y2, £+ and ¢+ °C.

Three stresses for each temperature: YA KPa, ¢ KPa and AY KPa are
used for repeated cyclic creep and recovery test . The test consists of
seven cycle, the periods of each cycle consist of ( Y+++ ) second for
loading and for unloading. The strains (deformations) are measured at
selected time intervals of loading and unloading times (),
Yo., 0.2 ¥ou and Y+ * second ). A static compaction of 1+++, £°++ and

Y+++ PSi were used to compact specimens.
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Two specimens for each combination are tested and the average
results are reported. The total permanent strain versus incremental time

of loading is plotted on log - log scale.

Loaded edge

Figure ( ¥-¥ ) Wheel Tracking Apparatus

1)



¥.¥ . Test Program of Asphalt Paving Mixture

The following variables have been considered in preparing the asphalt

concrete mixtures for different tests:

\- Penetration grade is ( £ +-°+ ) from Durah refinery.

Y- Four asphalt cement contents (¢.2,°.2,7.¢ and Y.2) % by total

weight of mix.

Y-Three types of mineral filler ( limestone dust, hydrated lime and

Portland cement )

¢- Three F/A ratios ( *.%, *.%,and ).Y ) from( Portland cement ).

©- Three aggregates - surface shapes(*+,°+,and Y++ % uncrushed).

1-Three compaction efforts (Y+++, €2++ and 1+++ ) Psi for © minute

of creep test.

V- Three grades of fines( below, through and above ) the restricted zone.

Ty



More details about the different mixture variables and the flowchart used

in this work are presented in Table ( Y¥-Y' ) and Figure ( Y-¢ ) respectively.
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Table ( ¥-Y' ) A Key for the Different Mixture VariablesUsed in the Work

e S N R e I RIS A A A
Variable
.0 9% A-C *
3.9% A_c * * * * * * * * * * *
1.5 % A-C *
V.2 % A-C *

Portland cement filler O I L e | % [ % | % | % [ % | % | =%

Hydrated lime filler *

«." F/A ratio *

Limestone filler * I

+.% F/A ratio *

\.Y F/A ratio # % [ % [ =[x | = R

Fines below restricted zone N I T A T O L O I B

Fines through restricted zone *

Fines above restricted zone *

¥+« « PSi compaction effort o O I B *

£+« PSi compaction effort 2 S S O O O

1.+« PSi compaction effort *

\++ % crushed agg. * * * * * * * * * * *

®+ % crushed agg. *

+ % crushed agg. *®
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|| Asphalt Cement ||

Aggregates Mineral filler

Asphalt Content

Surface Shape Filler Type

Marshall Test

}

Predict Modeling
for Permanent Repeated Creep Test
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Layer
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Chart ( ¥-f ) Work Approach.
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¥.¢: Properties of Asphalt Concrete Mixtures

¥.¢.): Marshall Stiffness

A series of tests for Marshall stability, flow and density — voids analysis are
carried out for selecting the optimum asphalt content for mixture. The Marshall
stiffness is calculated as the ratio between Marshall stability and corresponding

flow for the different mixtures.

In this work, four different asphalt cement contents of (¢+-°+) penetration
grade are used from ¢.°© to V.® percent (by weight of total mix) with an

increment intervals of Y.+ percent.

The Marshall test results are shown in Table ( ¥-¢), from which an optimum
asphalt content of ©.07 is selected. Increased values of Marshall stiffness have
been obtained by using optimum asphalt content, hydrated lime filler , fine
aggregate above restricted zone, )+ + % crushed aggregate and ).Y F/A ratio as

shown in Figures ( Y- ) to ( ¥-9)
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Table ( ¥-¢) Main Properties of Different Variables of

Marshall Test specimens

MIXTURE

~z2 T e |
VARIABLE L & < 4 =|d {2 @«
(G) <l B €| x y < | < § < w
- g o ol = g T | T Jd X 2
o ol ¢ 2 < 2 Elw 19 e
. =) S o £ 3 SIS = o s o« =
g (=] E w bo| °© -~ < o0 < c < [
8 T S <[ 2 12 o

] - w !’—, T
\ 0. 9%ASC Y.rve Y. €V ¢, AYA Y. A YY., 0YA
v £ 0% ASC YLy | ovoouy A Yo 1Yo v to WA, YT
v 1TO%ASC YOYAY Y.er Y K 'K XWX
$ V. % ASC Y.Yo¥ Y. ¢ ¥ Y. A 044 4V o, ¥ VYo, YA
\ Portland cement filler Y.¥1e Y. V) £y AYA YA YY., 0¥A
o Limestone dust filler Y.YAY Y. EM YA Ao ¥.40 YYA QAY
1 Hydrated lime filler Y.YVY | Y.ERe °. are Y.V Yoy V.¥
Y, «." F/A ratio Y. ver Y. 6NN K Ve i, 0 YT
A +.4 F/A ratio 2] Y. ¢4 1 Vvo £,y YA YYY
\ V.Y F/A ratio Y. Yo Y. £V K A¥A YA YY. 0YA
q Fines through restricted zone YORVY | oy L ara vy Y4, et
Y Fines above restricted zone Y.YA Y. 1A Yo Ay Y. en Yo. AtY

TA



Below restricted zone . . . YYe, 0VA

\ + +/ Crusher aggregate . . . YY. 0YA

®+ % Crusher aggregate . . . VI NYY

* % Crusher aggregate . . . Ve vYe
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¥.¢.Y : Uniaxial repeated Cyclic Creep Test

For evaluating the permanent strain with different asphalt concrete
mixtures, uniaxial static repeated cyclic creep tests are conducted on mixes

prepared with six main variables presented in Table ( ¥-Y).

Creep compliance as a function of loading time for mixtures with different
variables increases as loading time increases for all mixtures and represented

the reciprocal of mixture stiffness.

Figure ( Y-+ ) shows a typical strain to a step removal of stress at time

t=t,. Using the following notations:

o = Applied stress

A = Instantaneous strain noted with €. ( mm/mm )

B = Delayed strain

Y



C = Creep under constant stress noted with €, ( mm/mm)

D = Instantaneous recovery noted with €, (mm/mm)

E = Delayed recovery

F = permanent incremental deformation noted with € , (viscous)

(mm/mm)

Strain , €

v
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Time

Figure ( ¥-) + ) Typical Strain — Time Relation

(Collopetal., Y44Y)

o
OMIX(£)= e ¥
&
\
Creep Compliance = ————— e v-Y
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Uniaxial repeated static creep tests are conducted at three different
temperatures ( Yo, ¢+ and ©+ ) eC with three different applied stresses (YA, ¢©
and AY) KPa in order to show the effect of variation in temperatures and stress

on permanent deformation of asphalt paving mixture.

The main properties of the different mix as used in this work including bulk
specific gravity, theoretical specific gravity and percent of air voids are shown in
Table ( Y-° ), where creep test results ( recorded strain corresponding creep
compliance for each time loading and unloading ) are presented in

appendix (A ).

Decreased values of permanent strain ( increased in stiffness of mixture )
obtained by using optimum asphalt content, hydrated lime filler , fine aggregate
blow restricted zone , Y+ % crushed aggregate, 1+ ++ PSi compaction effort

and V.Y F/A ratio as shown in Figures ( Y-Y) )to ( Y-YY).
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Table ( ¥-° ) Main Properties of Creep Test Specimens.

I MIXTURE I

— 3
<
VARIABLE 5 x g
x 5 =
5 S~
2 2 £ o
o0 I -
= a
= o
2
:
= >
\ .2 % Asphalt Cement Content LYV L £V £ WA
I Y £.9 % Asphalt Cement Content LYy Y ALY
Y 1.2 % Asphalt Cement Content LY £y o vy
¢ V.e7. Asphalt Cement Content LYl £ Y
) Portland Cement ( Filler ) V. LEVY £ A
o Limestone Dust ( filler ) LYes LEAY 1,41
1 Hydrated lime ( filler ) LYEA Lt ¢ VY
% +.% F/A Ratio LWy CETA o .o
A +.% F/A Ratio Lren .14 Y
\ \.Y F/A Ratio LYV L £V £ oA
q Fines Through Restricted Zone LYVe AR L Y
\ + | Fines Above Restricted Zone Lrva LETA r.vy

V¢



\ Fines Below Restricted Zone Y. YV Y. EV) £, 0N
Y)Y | ¥+++ PSi Compaction Effort Y. Yot Y. ¢va o Y
\Y | £€4++ PSi Compaction Effort Y. Yol Y. evy ¢ A
\ 1+++ PSi Compaction Effort Y. YV, Y. £V £, A
\ \++ % Crushed Agg. Y. ¥V Y. eV £ 0 A
\Y | ®+ % Crushed Agg. Y. v Y. tVe V.o
V¢ | * % Crushed Agg. Y. YA \EEZN V. Ao
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Thus, as final conclusions from the experimental work, the following

points could be drawn:

Y. Marshall stiffness is increased when using crushed aggregate , hydrated
lime according to the type of filler and decreased for asphalt cement
higher than the optimum value.

Y. Using the superpave suggested gradation below the restricted zone
gives a good resistance of the asphalt mixtures to permanent
deformation.

Y. Using hydrated lime gives less amount of permanent deformation as

compared with other types of filler.

Thus, from a total of 1Y samples prepared and tested for this work, the
lower permanent deformation and higher Marshall stiffness mixture could be
within ©.°2 % asphalt cement content, .Y F/A ratio, fines below restricted
zone and )+ % crushed aggregates could be treated as a standard mix and
used to prepare the samples for repeated cyclic creep and recovery test to

formulate the predicted model.
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CHPTER FOUR

MODELING OF RUTTING IN LOCAL

ASPHALT PAVEMENT

¢, V: Introduction

Permanent deformation in bituminous pavements is treated as a visco-

elastic flow phenomenon or visco-plastic or combination of them. It is shown
that for a linear visco-elastic system, permanent deformation is independent of
the elastic parameters of the materials, but may be deduced from a linear
elastic model supplied with viscose parameters. In visco-plastic, permanent
deformation is a function of time, level of stress state, number of cycles and
material parameters. The focus of the work is limited to predict permanent
strain at intermediate and high temperatures. The visco-plastic material
parameters could be evaluated from repeated cyclic creep and recovery test for

a representative asphalt concrete mixture.

The model considers permanent strain of asphalt concrete behavior over
range of temperatures, number of load repetitions and levels stress pavement.

It is designed to use in predicting permanent deformation in flexible pavements.

A4
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¢, Y: Modeling of Permanent Strain

Two approaches exist to predict rutting as a result of densification and
plastic flow. The first approach is mostly used in pavement design procedures
and limits deformation to be below a specified failure limit ; these models are

not useful for performance modeling because of the need

to predict not to limit, but the trend for rutting is during the live of the
pavement (Paterson, Y2AY). The second approach predicts the trend of rutting
during the live of pavement, and identifies the response of pavement to action
of traffic, environment and maintenance. As such, the second approach is useful

for pavement performance predictions.

A constitutive model was based on an extended form of the ( David and
Deen, Y4A+ ) and developed to be used for intermediate and high temperatures.
This is conducted by using repeated cyclic creep and recovery testes in order
to characterize the local asphalt concrete. The specimens underwent for seven
loading cycles, each cycle consisted of Y::+ second of creep under constant
stress followed by Y+ seconed of creep recovery. The test was performed at
three stress levels, each of them was applied under three degrees of

temperature in order to evaluate the visco-plastic material parameters.

¢, Y. Y: Mixture Building and Testing

The mixture consisted of crushed gravel aggregate and °.° percent asphalt
cement content with grade ¢:-°+ ( AC — Y+ ). The selected gradation of fine
aggregate is below the restricted zone with air void content equal to £.+A

percent and V.Y F/A ratio ( used portland cement as filler ). This mixture which



was used to prepare the samples was used for testing . Three levels of stress

state were selected under three degrees of temperature.

To build the proposed permanent strain model, a repeated cyclic creep and
recovery test was conducted in order to characterize the asphalt concrete
mixture. The obtained results were taken as an avarege of two samples as
shown in appendix A. Becouse of the most relaxation occurred at the initial

loading, the first reading is taken after ( © sec loading, ) * sec rest ) as showed in

CHAPTER ¢ Modeling of Rutting

The procedure of this test is repeated for each of the selected three level of
stress under each of the selected degrees of temperature in order to cover all
the conditions concerned with stress state. The model could be applied to
predict material behavior at other temperatures. The maximum degree of
temperatue was selected as ( ©* °C ) due to the fast rate of failed samples in

laboratory with temperatue highr than this value.

The permanent strain for each selected temperature under each of the
three stress levels were plotted on log-log scale as shown in Figures ( ¢-) to ¢-Y)

as a function of accumulative time of cycles.
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¢, Y. Y: Theoretical Formulation

Depending on the obtained data from the repeated cyclic creep and
recovery test as showed in appendix a, the permanent strains after initial
loading were plotted on log-log scale as a function of temperature and stress

state as shown in Figure (£-¢).
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To determine the form of this interdependency from each test was

plotted in Figure (£-¢), the relationship between stress and permanent strain
appeared to be linear. Therefore, the logarithmic slopes of the lines in Figure (¢-
¢) were plotted as a function of temperature as illustrated in Figure (£-°).

A linear regression analysis of the data plotted in Figure(¢-°) yielded the

q0
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ds/dT = VY.V0 — ¢ v v AYT e e €

in which

ds/dT= logarithmic slope of permanent strain versus stress curves and
T = temperature ( F).

Also, the curves in Figuer (¢-¢) could be extraplotted to a stress of () psi)
and those intersected values ( b ) with Y-axis in which, it is represented by the
permanent strain are plotted as a function of temperature, as shown in Figure
(£-1). A non-linear regression analysis performed on these data indicated that
logarithm of the intersection values varied with temperature according to the

following equation:
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db/dT =-+.« ++ Y€ T 4+ VYA T V) YAo

A

In which:

db/dT = log of the intersection values with permanent strain axis (b ),

T = temperature ( F).

If equations (£-)) and (£-Y) are combined, the form of C can be determined

C =db/dT + [(ds/dT) log o] ( David and Deen, Y3A+ ) ... €57

in which:

o = stress ( psi ), or

v



Equation (£-Y) can be rearranged and becomes
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C=(-+ YT 4+ NV YATY YAC) 4 [(V.YO -+« +AY T) log O]..... E-¢

The permanent deformation characteristics of asphalt concrete under
repeated creep and recovery test could be represented by using a linear relation
between the plastic strain and the number of repetition on a log — log scale(
Nahla, Y+ +2).Therefor the term represents the relation between the plastic
strain and the number of repetition in David model can be replaced by a linear

relation ( Slog N ) thus, the general form of the modified model is:

0 €, = CH+S 108N oo €0

In which:
€, = Permanent Strain (mm/mm).

C = Function of Temperature , Stress state and mixture properties.
S = log slope of permanent deformation and time curve.

N = Number of load repitations.

aA



Equation (£-°) describes the permanent strain of the mixture as a function
of stress state, temperature, mixture properties and number of stress

repetitions.
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¢, Y. Y: Pavement Structure and Loading

The pavement structure used in this work consisted of five layers , each layer
material was defined by elastic modulus and poisson's ratio as shown in Table (
£-) ). The analysis of loading is conducted for tandem axle with dule tires and
with contact pressure equal to ( 4+ Psi ). For example,the cross section of

pavement structure is presented in Figure ( ¢€-V).

Table ( £-Y ) Characterstics of Pavement Structure.

Name of Layers Number of Thickness of Elastic Modulus | Poisson's Ratio
Layers Layers (in) (Psi)

Surface ) A AR

Binder YA LAERR

Base YEV o

Subbase Yoo

Vo

Subgrade

19
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¢, Y.¢{ : Pavement Temperature

The air temperature data are used to account for the effect of temperature
on moduli of asphalt mixtures. The relationship between the mean pavement
temperature M, and mean monthly air temperature M, is based on the depth

below pavement surface ( Yang, Y34Y ), equation reresent this relation is:

In which:
Z = the depth below surface in inches.
M, = the mean pavement temperature ( °F ).

M, = the mean monthly air temprature ( °F ).

The monthly air temperatures are presented in table ( ¢-) ), The mean
annual air temperatures ( MAAT ) is computed as avarege for three seasons,
then converted it to mean pavement temperature by equation ( ¢- 1 ) for

surface layer (z=+).
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MMAT °C MMAT °F

January
February
March
April
May
June
July
August
September
October
November

December

MAAT = ¥1.€¢ °C ( 9A °F)

*Mean pavement temperature = EAA°C( VY

*[Computed by using \eq&ation (€-1)]
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¢, ¥: Application of the Proposed Model

The final form of the modified model is:

log€,=C+SlogN

where:

€, = Permanent Strain (mm/mm).

C = Function of Temperature ,Stress state and mixture properties.
S = log slope of permanent deformation and time curve.

N = Number of load repitations.

As mentioned perviously, this model applied to structure pavement
consisting of five layers. The magnitude of the vertical stress at the selected
point, such as point ( ) ) on the centre line of the loaded area can be obtained
using KENLAYER software as shown in appendix C. The temperature slected
represents the mean annual air temperature which is ¥1.¢¢ °C and converted
to mean pavement temperature which equal ¢A.A °C . All information about
pavement structure, axle load and run of KENLAYER software are presented in
appendix C. The accumulative permanent deformations along vertical line
under one wheel of the dual wheel are presented in table ( ¢-Y )by using

equation ( £-2) as a function of a number of load repetitions.
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Table ( ¢-Y ) The accumulative permanent strain.

C=-Y ¢¢)
S=-..YYe
Load Repetitions € (N)
\ ¥IY*) DALY
Yo TeAX) ALY
I Yoo VYR ALY I

Youo VVY*Y ALY
AR T ok LAY
Yoonos £ AKY ALY
Yovenan A Q%) ALY
Yooeonan VY TR ALY

To calculate rut depth, the magnitude of permanent strain is multiplied by
the thickness of layer, thus, the predicted value of rut depth in one year for the
( Y+ + ) mm wearing surface layer under Yx)+' load repetitions is equal to ) Y.1

mm.
* C :Computed from equation (¢-¢) and equal to:
C=(- . TEAT 4+ N YATY YA £ [(V.Yo -+« AY T) log O]
By substituted T=©°+ °C()YYY°F)and o =41,V PSi ( KENLAYER)

C=-Y ¢¢)
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®,\: Conclusions

According to the materials used in this work and within the limitation of

the testing program, the following results are concluded:
). The general form of the modified del is to be:

log €, =C+SlogN

and
db/dT =[-+.+ Y43 T 4+ VYA T =) ¥Ae] and
ds/dT=).Vo —« « +AYT

This model appeared to provide an estimation of permanent
deformation depending on asphalt concrete properties, state of stress,

load repetitions and degree of temperature.

Y. As for the same asphalt mixture, the slope ( db/dT ) of the modified
model is proportional with the degree of temperature. The magnitude
of the slope is equal to (- ©.£°Y), (-¢.Yo¢) and (-V.3+Y) for degrees of
temperature (Y2 )°C, (¢+) °Cand (°+) °C respectively.

Y. The modified model for predicting permanent deformation in flexible
paving mixtures will provide a suitable mean for predicting rutting
distress required in the process of design and construction of asphalt
pavements. The form of rut depth equals to:

RD=3pi.h;
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Where:
RD = Rut depth (mm).
S pi=Permanent strain (mm/mm).

h; = Thickness of layer (mm).

¢, The temperature has a significant effect on the permanent deformation.
Approximately, the permanent deformation at (¢+ °C) will be increased
to( 1) times the permanent deformation at (Y° °C).

©. In flexible pavements, permanent deformation ( rutting ) is increased
when using an asphalt with higher binder content, less stability and

greater thickness.

o, Y: Recommendations for Further Work

On the basis of this study, it is recommended that:

). The states of stresses under which permanent deformation
characteristics of materials are obtained in the laboratory could be
extended to duplicate the states of stress that are encountered within
the entire rutting zone, in particular where the shear stress is relatively
greater than the normal stresses.

Y. Evaluation of the effect of some additives on the performance of the
flexible pavements to rutting using the proposed model can be

investigated.
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APPENDEX A

Results of Repeated Creep Test for Mix No. !

Accum. Strain *\ +~-¥ ( mm/mm))

Cycle No.
\ \ v £ o 1 v
Time(sec)

Loading
. <.Yav. Y.AVA. A\REANY Y ovay Y VAVY Y avoyv ¥ooTey
Yoo e EEED Y AYAY Y 4y04 YV et ¥YYIY ¥EYLY
You. Y oAE V.VTV~ \"1‘\/\\ \‘ﬁﬁa\ V,Vdﬂ V.i~~ﬁ V.iVQ\
o Y AN Yiey, Y Yovo Y .oto YYEYT YTy ¥ 0OAY
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Results of Repeated Creep Test for Mix No. ' ¢

Accum. Strain *\ «~A-¥ ( mm/mm )

Cycle No.
\ \ v £ ° 1 \
Time(sec)

Loading
. FYYYY TFY v.yvia Y EAT)Y AAYAY AgVio ANTYY
Yoo £ VXY AN V.oV YA A Ya A EATA A4 AAYos
Yo. o VY'Y 1Ay, v 1044 AXYTA4q Aoy AAAYY q..YY4
o 1¥YYo YYe Y.YAY) A¥aay AVYit 9010 4T
vo. N.00%) ARE v.varq A £V AAoYA 9.1Y4A 9.1AY4
Yoo TAEYY Y YATY Y.AVYY AoV Y ANV 90AYY 9. YAVY

Unloading
. AP LN Y ANYY Y. A¥4A AYYAT AEVs A441Y 9.¥714
Yoo LAY TYAY) V.eelo AYYAA A04Y) A Aovq 9.1A41
Yo o 4AYY TYYe. AES V.40t AoVt A4 417Y)
| o ° 941V IRTAE AR V. AT A £7Y4 ANYoR 9.1£94
Yo. oYYy 1,048 Y.YYou Y A4 A EYoY AN.44 7Y
Yoo °4Y. . EES AL V.AEYQ A £V4 ATAYY 4.Y9A

Creep Compliance *\ /- (V/Kpa)

Loading
. TYEEY [ VY ETIY [ YN YV 00Ty | YEVEED | Yo Youo [ Yo AVYO
Yoo AIYYY LAY FYYY | v YE T A [ VP FTAY [ Yo vty [ yiynay
Yo. Yo g0 [ NY oVTe | Y AVIR Y£AYVY | Yo vugy [ y1 edYe [ vy yeva
oy VY EYOT | YY AATY | Ve cdA. YO XYTA | Yo AdeT [ YT EVYY [ Y1euve
vo. YYAVYe [ v avea [ yenvay [ verery [ y1..v¥an | Yt oevde | yiarve
Yoo YY.FaeY [ v aes [ e Yy YO ENYY [ ViAo [ yTaveY [ YT AYEA

Unloading
. YI.F99 | VY AATY | YT ALY YO VIV | YO ATYY [ yrYdve | yivyes
Yoo Y. 9A9 | VY YA IR YEVOAY [ Yo otos [ YT o¥VYA [ YT TEVA
Yo. YO ATAY [ Y vaaY | arvYmy Ve EAEE | YO EYAT [ Yo AVY. [ V1 edA.
oy YO VYT [ Y REY | AFAYIe [ 1€ ¥49) | Yo ¥¥IY | Yo AuvY [ 11 oved
Yo. Yo VYT NV ALY | Y CAAA [ v veYe | Yo YAYVY | Yo YYAA | YT v
Yoo YOVYET | V). 4049 | v eoeo [ Ve Y | Yo YeAs | Yo NEAY [ Yieves

APPENDEX B

VYA



The Results of Wheel Tracking Test ( Rate of Rutting *\ +A-Y)
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