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Two gradation specifications were developed as part of the Superior Performing 

Pavement Program in 1993.   They are known as coarse and fine gradations respectively. 

It was recommended to use the coarse gradation in order to achieve better rutting 

resistance, however many researchers believe that either of the two gradations will do 

well in rutting resistance if they are properly designed and constructed. 

This research focuses on evaluating the rut resistance of a fine-graded mixture, as 

compared to a coarse-graded mixture in use in the State of Florida. 

Both field and laboratory evaluation methods were used.   An Accelerated 

Pavement Facility was constructed at the State Materials Office in Gainesville, Florida 

consisting of 6 sections of a typical fine-graded and a typical coarse-graded mixture in 

use in Florida.   The loads were applied via a heavy vehicle simulator (HVS) 

manufactured in South Africa. 
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Asphalt Pavement Analyzer (APA) rut depths, Servopac Gyratory Compaction 

tests, Indirect Tensile Test (IDT), and Bulk Density tests were performed on the 

specimens of the fine-graded and coarse-graded mixtures. 

Analyses of the results of both the differential and absolute rut depths show that the 

difference in the mean rut depths of the coarse-graded and fine-graded mixture was 

statistically insignificant.   From the limited data collected we can not conclude that the 

SuperPaveTM coarse-graded mixture is either better or worse than the SuperPaveTM 

fine-graded mixture. 
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CHAPTER 1 
INTRODUCTION 

1.1 Background 

Rutting is a world-wide performance problem associated with Hot Mix Asphalt 

(HMA) mixtures.   It manifests itself as a longitudinal bowl-like surface depression in the 

wheel paths on flexible pavements with the application of vehicular loads.   The gradual 

and progressive reduction of wheel path layer thickness leads to functional as well as 

structural deficiency of the pavement.   Rutting can be due to instability caused by 

inadequate shear resistance and or densification in the HMA mixtures.  

Where pavement structure is inadequate rutting could occur as a result of 

permanent deformation of the subgrade or granular base and subbase materials. 

Rutting creates safety, functional as well as structural problems on HMA 

pavements.   A 10 mm rutting is likely to cause hydroplaning on pavements at 40 mph 

traffic speed.   Development of depression and shoves increase the surface roughness 

resulting in higher vehicle operating cost.    

Higher levels of rutting cause reduction in layer thickness which reduces the load 

spreading ability of the pavement.   Large tensile stresses could develop at the bottom or 

on top of the surface layer causing cracking in HMA.   Low shear resistance associated 

with rutting of HMA mixtures have been found to create shear planes (Birgisson et al. 

2002).   Such planes of weakness have induced crack development in HMA layers.   Top-

down longitudinal cracking have also developed as result of high tensile stress at crowns 

of the shoves created by permanent deformation of HMA layers. 



2 

 

Rutting being a performance measuring parameter is associated with traffic loading 

as well as mixture quality.   Two differently designed mixtures of the same pavement 

thickness, and loaded the same way under the same environmental conditions may 

behave differently in rut performance.   Mixture differences could be exhibited by 

gradation, aggregate texture, binder grade and content, dust to effective binder ratio as 

well as mixture volumetrics, voids in mineral aggregates (VMA), voids filled with 

asphalt (VFA), and air voids (AV). 

The State of Florida has experienced some amount of rutting of varying extent and 

degrees of severity on at least two pavements constructed with SuperPaveTM coarse 

mixtures since its implementation in 1995. The Coarse SuperPaveTM mixtures are the 

dominant HMA used in Florida. It accounts for over 75% of all HMA construction in the 

state interstate, and heavy traffic highways. 

Properly designed SuperPaveTM coarse mixtures have been mandated by the 

Florida Department of Transport (FDOT) for heavy-traffic, HMA construction because of 

perceived better rut resistance than the fine-graded mixtures, complaints from both 

Contractors and FDOT Engineers on the difficulties associated with its use, have called 

for the inclusion of the fine-graded SuperPaveTM mixtures for heavy traffic and Interstate 

Highways.   Contractors struggle to meet minimum voids in mineral aggregate (VMA) 

specifications, especially when using aggregates native of Florida (Sholar et al. 2004). 

The requirements of VMA in coarse-graded SuperPaveTM mixtures have even been called 

into question in several research projects (Nukunya et al. 2001, Anderson et al. 2001, and 

Kandhal et al. 1999) which indicated that more serious work remains to be done. 
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Coarse-graded mixtures are difficult to compact, leading to large field-air voids and 

hence high densification and higher rut depth, as exemplified in the Wes Track 

experience.   It segregates easily causing raveling and moisture-induced damage and 

ultimately reduction of pavement performance.   Permeability of HMA mix layers are 

influenced by the level of compaction.   Lower level of compaction increases the 

permeability allowing air and moisture ingress that affects the durability of the mix. 

Fine-graded SuperPaveTM mixtures do not suffer such difficulties associated, with 

graded-coarse SuperPaveTM mixtures however, they are less attractive on the basis of 

their higher rut susceptibility. 

This research evaluates the long-term rut resistance of SuperPaveTM fine-graded 

mixtures used in Florida and makes comparison to the predominant coarse-graded 

mixtures in use in the State.   The Heavy Vehicle Simulator (HVS) acquired by the 

FDOT Materials Office and the constructed Accelerated Pavement Testing (APT) 

Facility was used in this study.   The HVS applied on a full-scale accelerated testing 

facility can be used to evaluate rut resistance of mixtures in situations where knowledge 

of long-term performance is not available.   The HVS can simulate 20 years of interstate 

traffic on a test pavement within a short period of time (Tia et al. 2002). 

1.2 Research Hypothesis 

The resistance to shear deformation, which is a measure of rut resistance in HMA 

mixture, has been attributed mainly to inter granular contact friction and interlocking of 

the coarse aggregate particles.   Under near-surface, low-confinement loading conditions, 

coarse-graded SuperPaveTM mixtures will out perform fine-graded SuperPaveTM mixtures 

in rut resistance. 
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1.3 Objectives 

There are three main objectives in this research.   Primarily, it is focused on 

evaluating the performance of a typical fine-graded and a typical coarse-graded 

SuperPaveTM mixture with respect to rutting under the Florida climate.   The second 

objective is to quantify rut in terms of average rut depth using laser-captured progressive 

transverse profiler.   This research will also evaluate performance predicting models 

developed at the University of Florida.   The models include the “pass/fail criteria” to 

predict pavement performance based on the SuperPaveTM gyratory compaction, indirect 

tensile test (IDT) and asphalt pavement analyzer (APA) characteristics of mixtures. 

Hot mix asphalt (HMA) mixtures densify upon the application of wheel loads from 

as built air voids contents of 7% to end of design life air void content of 4%.   With 

further application of loads after the 4% air voids content, a good mix can mobilize 

enough shearing resistance to counteract the shearing and tensile stress that causes rutting 

at the near-surface and low-confinement of the HMA layer.   High-shear and tensile 

stresses at the near-surface create shear planes of changing angles  

(Darku and Birgisson. 2003) in rut susceptible mixtures resulting in instability rutting of 

the HMA layer. 

The HVS applied unidirectional radial tire load of 9 kips with four inch wander of 

90000 passes to both fine-graded and coarse-graded test sections.   A continuous 

progressive rut depth measurement will be captured using a laser profiler attached to the 

wheel.   It is expected that, the result of this study will show clearly which of the two 

typical (fine and coarse) Florida mixtures have better rut resistance. 
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1.4 Scope 

The scope of this research is to (1), evaluate the rutting performance of a typical 

Florida SuperPaveTM fine-graded and coarse-graded mixture using the HVS.  

(2), Conduct a thorough literature review of factors affecting rutting performance of fine-

graded and coarse-graded mixtures and the experiences of some States with Florida-like 

climatic conditions, like Texas and Alabama which have switched from coarse-graded to  

fine-graded SuperPaveTM mixture and (3), analyze the two mixtures, focusing on their 

rutting-resistance characteristics using laboratory test results and performance predicting 

models developed at the University of Florida. 

The analyses of the test results will be focused on evaluating these performance 

models or index tests to accurately and reliably measure a mixture response 

characteristics or parameter that is highly correlated to the occurrence of pavement 

rutting over a diverse range of traffic and climatic conditions.   This will help to predict 

long-term performance of different HMA mixtures without having to conduct full-size 

long-term APT experiments, which are expensive to perform. 

1.5 Research Approach 

In order to evaluate the fine-graded SuperPaveTM mixture for interstate traffic and 

also make comparison to the coarse-graded mixture for rut performance, an APT facility 

was designed and implemented at the FDOT office in Gainesville.  The following 

activities were executed: 

A Heavy Vehicle Simulator (Mark IV) was used to apply a 9 kip single-wheel  

115 -psi load, via a radial tire traveling at 8 mph on carefully constructed pavement lanes.   

Previous research results (Tia et al. 2002) showed that the effective way of inducing 
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rutting in APT using HVS was to apply a 9 kip wheel load in a unidirectional mode with 

4 inches wander of 1 inch increments via a super single radial tire. 

Longitudinal and transverse rut depths were measured using two laser profilers 

mounted on the axis on each side of the single wheel of the HVS. 

• Analysis of the rut profiles was performed to evaluate rut resistance performance 

of the mixtures to determine which type of rutting was predominant (densification or 

shear instability rutting).   The area-change parameter (ACP), is a physical methodology 

that can be used to determine whether rutting is primarily due to shear instability or 

because of densification. 

• Cores were extracted from the wheel paths and along the immediate edge of the 

wheel paths for density and thickness measurement.   The viscosity of the asphalt 

recovered from cores taken from the inside and edge of the wheel paths were determined 

to evaluate the effects of gradation, environment and traffic. 

The mixtures were tested and the data analyzed using these methodologies: 
 

(i) The University of Florida’s rutting framework which is a “pass/fail criteria” 
relating the slope and the vertical-failure strain of the gyration curve, using the 
SuperPaveTM gyratory compactor. 

 
(ii) The University of Florida Energy Ratio “pass/fail” framework for cracking 

performance.   Mixtures that exhibit greater resistance to rutting may behave 
poorly in cracking resistance.   All the mixtures were tested for tensile 
strength, and their fracture energy and failure strain parameters were 
evaluated. 

 
(iii) The APA test was used as rut distinguishing tool as a “pass/fail” framework 

for both mixtures. 
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CHAPTER 2 
LITERATURE REVIEW 

2.0 Introduction 

The Superior Performing Pavements (SuperPaveTM) mixture design system was 

introduced as part of the Strategic Highway Research Program (SHRP) to replace the 

Marshall and other mixture design procedures 1993 as a rational mix design procedure.  

The main objectives of the SuperPaveTM was to provide mixtures with better resistance to 

rutting, fatigue, low temperature cracking and moisture induce damage.   Two types 

namely “Coarse and Fine” mixtures with different gradation characteristics are in use 

today.   Originally a coarse-graded mixture defined as having gradation passing below the 

Restricted Zone (RZ) whilst the fine-graded mixture gradation passes above the RZ. 

Many researchers have evaluated the rut resistance of mixtures.  It has been held 

for a considerable period of time that the coarse-graded mixtures will out perform the 

fine-graded mixtures in rut resistance.   For instance, stone matrix asphalt is known to 

have excellent rutting resistance.   However many researcher have found out that there is 

no difference in rut resistance between coarse-graded and fine-graded SuperPaveTM 

mixtures. (Kandhal and Cooley. 2002) did not find any significant differences in rutting 

resistance between coarse and fine Superpave mixtures.   (Sargand and Kim. 2003) using 

APA rut-depth analyses concluded that neither gradations passing above, through or 

below the restricted zone was significant in affecting rut-depth. 

There are many factors that account for the behavior of mixtures during rutting, not 

just a matter of the mixture being either a coarse-graded or a fine-graded only. 



8 

 

Rutting of HMA mixtures is affected by many factors such as: (1) Characteristics 

of mixture constituents. (2) Traffic loading (3) Environmental effects and  

(4) Construction. 

2.1 Characteristics of Mixture Constituents 

Asphalt concrete is composed of about 95% aggregate and 5% asphalt compacted 

at elevated temperatures to low air voids.   Because the aggregates are subjected to 

crushing and abrasive wear during manufacture, placing and compaction, they are 

generally required to be hard, tough, strong and durable with cubical shape, of low 

porosity, rough textured and proper gradation. 

To bind the aggregates together to form mixture to perform under traffic loading, 

the asphalt not only should be stiff enough to resist permanent deformation, should be 

also flexible enough to resist fracture in cold weather. 

2.1.1 Asphalt 

Both the amount and grade of asphalt in the mixtures influence rutting potential of 

a mixture.   Stiffer binder and hence higher G* values increase the resistance to rutting 

the asphalt mixture.   (Corté 2001) noted that G* varies from a ratio of 1 to 2 for the same 

test conditions and that the sensitivity to permanent deformation as indicated by G*/sinδ, 

is definitely different from one asphalt to another.   There is a limit to increasing asphalt 

hardness to control rutting.   Stiffer binders have increase brittleness at low temperatures 

and thus lower its healing capacity. 

Mixtures with binder content on either side of the optimum, impacts negatively on 

the permanent deformation characteristics of a mixture.   Lower than optimum binder 

content results in increase air voids, lower cohesion due to lower film thickness and 

lower shearing resistance and higher permanent deformation with load application.   
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Excessive binder content produces in a mix creates pore pressures tending to break the 

interlocking of the aggregate particle and results in instability and high permanent 

deformation.  

2.1.2 Aggregates 

There are a whole lot of aggregate properties that affect the rut resistance of 

mixtures.   It is the aggregate properties that must provide the support to resist permanent 

deformation (NCAT, 1996).   The aggregate texture, angularity, nominal maximum size 

and gradation are critical to good rutting resistance of a mixture.   Adhesion and cohesion 

of mixtures are influenced directly by aggregate texture.   Angular and rough textured 

aggregates will provide stronger frictional, bonding and interlocking forces to resist 

rutting than smooth, and rounded aggregate even if rounded aggregates compacts better.   

Gradation is the most important parameter for rut susceptibility.   Gradation affects 

the stiffness and frictional resistance of HMA mixture.   The proportion and effective size 

of aggregates passing the 0.075 mm sieve controls the mass viscosity of the asphalt that 

surrounds the coarse aggregates.   As the mass viscosity increases with increasing filler 

content, the mix become stiffer, increasing its ability to resist permanent deformation.  

Increase in the nominal maximum aggregate size and the percentage of coarse aggregates 

increases the volume concentration of aggregates with more rutting resistance ability. 

(Stuart and Mogawer 1997) concluded that, under accelerated loading conditions, 

increase in nominal maximum aggregate size significantly decreased rutting 

susceptibility.   Various DOT’s including the FDOT have limits on the percentage 

passing #200 sieve and the nominal maximum size of aggregates for SuperPaveTM 

mixtures. 
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It has been a long held view among researchers and practitioners that generally 

coarse-graded SuperPaveTM mixtures have better rutting resistance than finer-graded 

SuperPaveTM mixtures. 

After the Wes Track experiment, this view point has been discarded.  Darku (2002) 

observed that, it is the mixture’s ability to dilate during shearing that controls its rutting 

potential.   Increasing ability of a mixture to dilate reduces its vertical strain thus lower 

rutting under loads.   In fact neither coarse-graded nor fine-graded Superpave mixtures 

have superior rutting resistance.   Recent studies (Kandhal et al. 2002) and (NCHRP 

Project 9-14) have shown that the mechanical properties of HMA appear to be more 

sensitive in coarse-graded than in fine-graded mixtures.   Coarse-graded, fine-graded or 

mixes passing through the restricted zone may perform well under various traffic and 

environmental conditions.   Roque (1997) pointed out that good shearing resistance can 

be achieved with a broad range of aggregate structures as long as suitable gradations are 

used.   However as noted again by Roque (2002), there is no clear-cut method of 

selecting an aggregate gradation to produce good mixtures. 

2.2 Traffic Loading 

Traffic load induced stress is the major cause of pavement distresses apart from 

climatic conditions.   These stresses are a function of wheel loads, tire pressure and type 

as well as thickness and stiffness of the layers.   Collop and Cebon (1995) concluded that 

both dynamic vehicle loads and asphalt layer stiffness variation can have significant 

influence on long-term flexible pavement performance.   Ullidtz and Larsen (1983) 

published a model which predicted the performance of flexible in terms of roughness, 

rutting and cracking as a function of traffic loading and climate.   With the introduction 

of radials tires, many States in the United States and countries around the world over 
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have seen significant instability rutting in HMA.   The effect of tire type (radial or bias 

ply) could have significantly influence on how HMA ruts.   Bigirsson and Roque (2002) 

have shown that the high transverse near-surface stress at low confinement in the vicinity 

of the edges of radial tires may partly explain the mechanism of instability rutting.   The 

history of tire pressures on HMA rutting is well known.   Kandhal et al (1990) traced the 

changes of truck tires pressures from 70 psi to 85 psi during the AASHTO Road Test and 

subsequent increases in States like Virginia, Florida, Texas and Illinois with averages of 

96 to 110psi and maximum in the order of 155 psi.   There are no legal limits against tire 

pressures in the United States (Kandhal et al. 1990). 

2.3 Environmental Effects 

The effects of temperature on rutting have been investigated by many researchers.  

Robertson (1997) observed that the shape of the temperature profile in a pavement is 

dependent on the air temperature history.   Summer time pavement temperatures ranged 

for most countries of the world around 60 to 70°C.   Asphalt concrete being a thermo-

susceptible material will at warm enough temperatures develop significant visco-plastic 

strains under wheel loads.   The accumulation of large visco-plastic strains results in 

permanent deformation of the pavement.   Collop and Cebon (1983) observed that 

changes in the temperature of the asphalt layers affect the elastic and viscous properties 

of the asphalt.   Matthews and Monismith (1992) using Hveem Stabilometer and creep 

test results concluded that temperature has more influence on rutting than the aggregate 

grading.   As asphalt oxidizes under temperature and air, it looses its flexibility thus 

increases its stiffness with increasing rutting resistance but lose it cracking resistance. 
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2.4 Construction 

Constructional inaccuracies and variability impact negatively on pavement 

performances.   Villiers (2004) showed that variation in dust content and/or asphalt 

content that were perfectly acceptable under the current practice produced significant loss 

in performance or unacceptable cracking performance.   Hot mix asphalt construction 

starts with mixture design and is followed sequentially with production, laying and 

compaction.   Poor mixture designs have direct bearing on mixture performance.   For 

instance too well graded aggregate gradation leads to low VMA and lower than 

acceptable asphalt content.   Rogue (1997) stated that mixtures that are poorly designed, 

produced, and constructed can result in rutting due to plastic deformation.   Mixtures with 

too much rounded natural sand particles have resulted in tender mixes and poor rutting 

performance (Buchanan and Cooley 2002).   Inaccurate production or lack of proper 

production control of mixtures leads to pavements of variable performance.   Nouredin 

(1997) concluded that, the overall pavement performance life may be significantly 

affected when the specific asphalt content, aggregate gradation (job mix formula) and the 

degree of compaction are not achieved in situ.   The success of any HMA pavement 

construction lies with careful and accurate laying operation.  Mat thickness, segregation 

and moisture induced damage control results from proper and efficient laying operations.   

Stroup-Gardiner et al (2000) reported that when there are higher levels of segregation, the 

failure mode shifts from fatigue to compression i.e. rutting.   Adu-Osei et al (1999) 

concluded that construction variability can have significant adverse effect on the 

performance of mixtures.   Compaction is to reduce the air void level of the mixture to 

increase the aggregate to aggregate contact and interlock thus, increase mixture resistance 

to shearing forces.   Excessive air voids due to inadequate compaction increase rut depths 
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on application of traffic loads.   It should be noted that, for adequate rutting resistance, 

stone-to-stone contact is critical.   HMA layers consolidate more with higher initial air 

voids content.   Harvey and Popescu (2000) showed that good construction compaction 

helps to reduce the amount of densification that occurs under trafficking and reduces the 

amount of rutting caused by densification.   Peterson et al (2004) observed that achieving 

proper compaction of asphalt pavement is crucial to its longevity and acceptable 

performance. 

2.5 Rut Measurement 

Accurate rut measurement is important safety consideration on our roads ways.  

Rut depth of over 10 mm provides considerable risk to motorist in either rainy or icy 

weather.   Hydroplaning caused by pond or slickly ice sheet in longitudinal rut depression 

jeopardizes the safety of motoring public.   Rutting has been known to contribute 

insignificantly to longitudinal roughness in pavement.   In fact the contribution of rutting 

to serviceability is in order of -1.3(RD)2 where RD is rut depth in inches and very small 

compared to surface roughness in IRI.   However rut depth of 0.5 inches could have 

considerable safety as well as structural implications.   It is important therefore to 

measure and quantify rutting accurately in order to select an appropriate repair strategy.  

2.5.1 Non-contact Laser Height-Sensor Rut Depth Measurement 

Advancement in technology has provided engineers with a fast, efficient and 

automated rut depth measurement using laser non-contact height-sensors called laser 

profilers.   Traditionally rut depth measurements using strings and or straight edges and 

wedges have been dangerous and also time consuming.   It is expensive when used for 

either project or network level evaluations and usually impractical to measure at regular 

intervals.   Gokail (2003) observed the impracticality of measuring ruts conventionally 



14 

 

when using the HVS under APT applications.   The space restrictions underneath the 

HVS loading system will not allow accurate rut data collection with conventional 

methods.   The non-contact laser measuring systems have rendered these manual methods 

obsolete in many countries.   The non-contact method consists of measuring the 

transverse profile by digitizing the pavement surface and then analyzing the data to 

calculate the rut depth using a simulated straight-edge at normal traffic speeds.   The 

distance between the simulated straight-edge and the lowest point along the transverse 

profile is calculated as the rut depth.   Tia (2002) showed that two very different rut 

measurements can be calculated using the transverse surface profile out from the laser 

profiler.   The “differential rut depth” and “absolute rut depth” can be calculated from 

transverse surface profile. 

2.5.2 Differential Rut Depth 

When a straight line is drawn to touch the two highest point of the differential 

surface profile obtained by subtracting the initial surface profile from the surface profile 

after some trafficking, the greatest distance between the straight line and differential 

surface profile is the “differential rut depth”.   The function of this parameter is to 

incorporate the instability characteristics of the material into the rutting prediction Drakos 

(2002) and includes the dilation portion of the deformed material into the rut 

measurement. 

2.5.3 Absolute Rut Depth 

Absolute rut depth is the difference between the lowest points on the initial surface 

profile and the surface profile after some period of trafficking.  Both the initial and as 

trafficked rut depths are measured the same way.   A straight line is drawn to touch the 

highest points on the surface profile and the greatest distance to the lowest point on the 
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surface profile measured as the rut depth.   Villiers (2004) concluded that absolute rutting 

cannot be used as a measure of mixture performance.   One must evaluate each section 

carefully to assess the contribution of different layers. 

2.6 Mixture Response Characteristics or Parameters 

Several mixture response characteristics or parameters exist for both laboratory as 

well as field evaluation of HMA.   Permanent deformation and fatigue response have 

been measured in the laboratory using the Servopac SuperPaveTM Gyratory Compaction 

(SGC), Asphalt Pavement Analyser (APA), SuperPaveTM Indirect Tension Test (IDT) 

characteristics and the Gyratory Testing Machine (GTM).  The slope and the vertical 

failure strain parameters from the Servopac SGC as proposed by Birgisson et al (2002) 

and the APA rut depth are tools for rut depth evaluation.  Low m-value and high 

Dissipated Creep Strain Energy (DCSE) have been known to associate higher fracture 

resistance as calculated from the stress-strain curve of HMA under stated temperature and 

time of loading (Roque and Butler 1997).   Nukunya (2002) evaluated mixture rutting 

resistance using IDT creep results.   The ratio of initial to final gyration angle as 

measured with the GTM has been used by many researchers to evaluate mixture 

instability.  

2.6.1 Indirect Tension Test (IDT) 

Top – down cracking is the primary mode of pavement distress in Florida.  

Approximately 80% of the State’s deficient highways are due to top – down cracking 

Sholar (2004).   Mixtures that exhibit high resistance to rutting may exhibit high 

propensity to fracture because of its excessive stiffness and low healing potential at low 

and intermediate temperatures.   Such mixtures may exhibit high creeping compliance.   

Kim (2003) showed that there is a direct relationship between the rate of creep and the 
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rate of micro-damage accumulation while investigating the effect of Styrene butadiene 

styrene (SBS) on coarse SuperPaveTM fracture potential.   The SuperPaveTM IDT tests 

can be used to measure the diametric Resilient Modulus (MR), Creep Compliance (CC) 

and Tensile Strength (TS) of HMA.   (Roque et al. 1999) developed a framework for 

evaluating the fracture properties of HMA using Energy Ratios (ER) from calculated 

Dissipated Creep Stain Energy (DCSE), Fracture Energy Limit (FE), and MR. 

2.6.2 Servopac SuperPaveTM Gyratory Compaction 

The Servopac Super pave Gyratory Compactor (SGC) has excellent versatility in 

what parameters it could measure and also the ease which control parameters could be 

changed to simulate field conditions.   Measurement during compaction such height, 

density, air voids and shear strength can be obtained with this compactor.   The ultimate 

field and initial densities of a mix can be simulated using the SGC. 

(Birgisson and Darku 2002) proposed a “Pass – Failure” framework for evaluating 

mixtures rutting potential based on the Slope of the gyratory shear against number 

gyrations and the vertical failure strain.   The minimum acceptable gyratory shear slope is 

15 kPa and the optimum range for good rutting resistance is between 1.4% and 2.0% for 

vertical failure strain.   Mixture with failure strain less than 1.4% are considered brittle 

whilst that greater than 2.0% are considered plastic. 

Instability rutting is manifested in a rearrangement of the aggregate structure 

(Birgisson and Darku 2002).   This rearrangement is produced during compaction by 

changing the gyration angle of the Servopac SGC from 1.25 to 2.5 at 7% air voids 

content of the mixture.   The straining of the mixture during this change of gyration angle 

and the degree of rearrangement afterwards gives an indication of the mixtures rutting 

resistance in the field. 
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The Vertical failure Strain is the ratio of the difference in specimen height at 

maximum shear stress to the height of specimen at the first minimum shear stress after 

the change of angle of gyration from 1.25° to 2.5°. 

2.6.3 Gyratory Testing Machine – GTMTM 

The Gyratory Testing Machine (GTMTM) was developed by the Army Corp of 

Engineers in the late 1950 at the Waterways Experimental Station.   It is a compactor as 

well as a tester.   The GMTTM combines vertical pressure and shear displacement to 

simulate field roller compaction and future traffic densification thus, mixture properties 

measured during compaction and densification with the GMTTM could be used to 

evaluate mixture performance.   The measure of mixture’s stability is the Gyratory 

Stability Index (GSI) and is related the mixture’s resistance to rutting.  The maximum 

gyration angle divided by the initial gyration angle is the GSI.  GSI values of more than 

1.1 indicate instability whilst values close to 1 shows the mixture is stable.  The GTM is 

the only device capable of monitoring changes in mixture response with densification. 

Moseley (1999) concluded that the GTMTM give a good indication of mixture 

performance by measuring shear resistance.  

2.6.4 Asphalt Pavement Analyzer 

The Asphalt Pavement Analyzer (APA) was a development from the Georgia Load 

Wheel Tester to evaluate rutting and moisture susceptibility of HMA mixtures in the mid 

1990s.   Asphalt mixtures compacted mainly in the SGC are placed in mold and subjected 

to 8000 cycles of loaded 100 psi pressure hose in an environmental chamber maintained 

at 64°C. 
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In Florida, mixtures that exhibits rut depth of over 8 mm after the 8000 cycles are 

considered unacceptable for field rutting performance.   Rut depth is measured as the 

difference between lowest point before and after the 8000 cycle application.   

Various researchers have used the APA to characterize HMA mixtures.   Research 

at NCAT showed the APA was sensitive to mixtures with different asphalt binder and 

varying gradation.   Thus coarse-graded and fine-graded mixtures would show different 

results.   This observation is not shared by the FWHA at Turner-Fairbanks which 

compared APT and Load Wheel Test (LWT) results for rutting.   They concluded that 

none of the LWT could distinguish between good and poor performing mixtures which, 

was clearly distinguished by the APT.   Sargand and Kim (2003) using APA rut-depth 

analyses concluded that neither gradations passing above, through or below the restricted 

zone was significant in affecting rut-depth. 

Drakos (2002) showed the APA hose does not capture the critical lateral stresses 

found to be detrimental to rutting as well as cracking of HMA pavement and modified the 

loading mechanism from a hose to a strip know as the New APA to simulating stress 

distribution in a single radial tire rib.   Drakos (2002) again showed that neither the New 

APA nor the original APA could distinguish between coarse-graded and fine-graded 

SuperPaveTM mixture performance at 4% air voids and at 64°C.   They reported 

significant difference in performance at 70°C using the New APA at the same air void.   

Rut depths were measured using Absolute Rut Depth Method. 
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2.7 Accelerated Pavement Testing 

The history of Accelerated Pavement Testing (APT) dates back to late 1900s when 

Michigan implemented the first APT facility with the view to determine pavement 

response and performance under a controlled, accelerated accumulation of damage. 

Accelerated pavement testing offers enormous potential for studying pavement 

distress mechanisms and for evaluating performance of asphalt mixtures and pavement in 

relatively short period of time, (Roque and Tia 2005). 

(Lea and Heath 1997) have observed that, APT has been used primarily for long-

term plan to systematically test and analyze existing materials, using a defined testing 

matrix over a large number of test sections.   The Federal Highway Administration 

conducted test on mixtures of different gradations and asphalt contents at the Accelerated 

Loading Facility at Turner Fairbanks Highway Center.   (Romero and Stuart 1998) using 

the data from the ALF at Turner Fairbanks Highway Center showed significant field 

performance of mixtures with different gradation but of the same asphalt content. 

The Texas Accelerated Pavement Test Center (TxAPT) has a new fixed facility that 

can yield information for accelerated pavement test.   The Mobile Load Simulator (MLS) 

and new instrumentation has been used to demonstrate the effect of heavy loads on thin 

load-zone pavements and comparison of this pavement with good and superior quality 

crushed stone bases.  The MLS use two wheels instead of a single wheel which is used in 

Florida.   (Hudson et al. 2004) concluded that fixed APT centers provide more output 

from the equipment and thus better payout on the investment over the short term than 

using in-place highways.  

One role of APT, which was often neglected but have gained popular recently, is in 

evaluating innovative materials.   In South Africa, the Council of Scientific and Industrial 
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Research (CSIR) used the HVS and the APT facility to evaluate what they called 

“inverted pavement”.   It was found that the presence of a crushed stone base course over 

a stabilized subbase course in a pavement has a bridging effect at transferring cracks in 

the stabilized subbase and inhibits the rate of crack propagation to the surface”. 

Evaluation of new materials, in order to cut down on the cost of experimental 

evaluation and bring the products to the markets quicker has been done well using APT 

facility as shown in the evaluation of SBS modifiers in Florida. 

Styrene Butadine Styrene (SBS) modifier’s effect on rutting resistance of 

Superpave fine mixture was evaluated using the APT facility at the Florida’s Department 

Transport Material Office in Gainesville. 
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CHAPTER 3 
MATERIALS AND METHODOLOGY 

3.0 Introduction 

To be able to accomplish the objectives of this research, experiments were designed 

that enables us to apply accelerated wheel loads using the South African Heavy Vehicle 

Simulator (HVS) Mark IV on test tracks constructed with the fine-graded mixture and  

coarse-graded SuperPaveTM mixture.   This research has combined accelerated pavement 

testing with laboratory testing using various equipment and data analysis tool to 

characterize and to predict the behavior of the mixtures using theoretical models, 

materials response characteristics as well as pavement performance models. 

3.1 Summary of Methodology 

The Test Tracks and the HVS were equipped with appropriate instrumentation to 

measure pavement temperatures, rut depths, strains and pressures.   Rut data were 

analyzed procedures to predict mixture performance.   The laboratory tests were 

conducted to measure the volumetric and performance parameters of the mixtures.  These 

tests measured the Air Voids, VMA, VFA, APA, Gyratory Slope and Vertical Failure 

Strain and IDT Creep, Resilient Modulus and Indirect Tensile Strength.   Mixture 

Stability calculated as the Gyratory Stability Index, which is related to rutting potential of 

the mixtures were measure.   Analysis of the gradations of the Job Mix Formula and Plant 

mixtures were performed using the Florida HMA Gradation Guidelines (FHMAGG) 

recently developed at the University of Florida.   The mixtures Dominant Aggregate Size 

Range (DASR), Porosity, Interaction Characteristics and the Interstitial Volume 
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properties were evaluated to characterize the mixtures.   Visual condition survey was 

undertaken to observe the severity and extent of pavement distresses that have occurred 

so as to measure pavement performance of the mixtures under real load conditions.  

3.2 Test Track Layout 

The construction of the test track was started in January and was completed in the 

same month in 2005.   The test track is located within the FDOT State Materials Office in 

Gainesville, Florida.   The construction of the asphalt concrete surface was done on an 

existing limesrock base and granular subbase.   Each lane has two lifts of asphalt concrete 

from an asphalt plant located in the City of Gainesville.   The accelerated pavement test 

tracks consisted of three (3) lanes paved with fine-graded and two (2) lanes paved with 

coarse-graded SuperPaveTM mixtures.   Each lane is 132 feet long and is divided into 

three (3) sections of A, B and C each 44 feet.   All the lanes are of equal width of 12 feet 

and were constructed by conventional plants mixing, placement and compaction 

processes that exemplify the real world situation of construction and material variability 

including mixture’s asphalt content and gradation variations.   Each of the sections of 34 

feet long had 20 feet of test area and 7 feet at each end for acceleration and deceleration 

of the wheel. The south end of the tracks was reserved for maneuvering the HVS.   It was 

important that no preloading of the tracks were introduced by the HVS during the 

maneuvering because the 40 ton weight of machine could cause damage to the pavement. 

The testing sequence was arranged such the effect of time on each lane could 

average out. 

Figure 3.1 shows the layout of the test tracks and the instrumentation plan and 

locations.  
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Figure 3.1 Show the layout accelerated pavement testing test track. 

3.3 Pavement Structures 

The pavement structure consists of a prepared sandy subgrade, a layer of over 10.5 

in (265 mm) of limerock base course and 12 in (305 mm) of granular subbase.   Lanes 1 

through to lane 3 were constructed with two lifts of 2 in (50 mm) fine-graded 

SuperPaveTM mixture surfacing whilst Lanes 3 and 4 were finished with two lifts of 2 in 

(50 mm) coarse-graded SuperPaveTM mixture.   Figure 3.2 shows the pavement structure 

for the APT test track. 
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Fine-graded mixture tracks   Coarse-graded mixture track 
 

Figure 3.2. Pavement structure for the test lanes with fine-graded and coarse-graded 
mixtures  

3.4 Asphalt Concrete Mixtures used 

Two mixtures were used for this study.  Both are 12.5 mm nominal size mixtures 

and vary only on definition of being a SuperPaveTM fine-graded or a coarse-graded 

mixture.   They were made using Georgia granite aggregates, natural sand from a local 

sand pit at Gainesville and PG 67-22 asphalt.   The mixes were designed by the FDOT 

using traffic correspond to class D (10-30 millions) ESAL’s over the design period of 20 

years.   The mix was produced by a batch plant located in Gainesville.   Even though it 

was planned not to have significant gradation variations within each mix type, samples 

from delivery trucks used for the construction of the test tracks show considerable 

variations.   This may result in significant aggregate structural differences and 

performance variations. Tables 3.1, 3.2 3.3 and 3.4 show the Job Mix Formula gradations 

and grading of samples from the trucks used for the construction of the bottom and top 

lifts lanes for both coarse-graded and fine-graded mixtures.   Mixture volumetric 

properties and asphalt contents are also shown.   The optimum asphalts chosen for the 

fine-graded and coarse-grade mixtures are 4.6 and 4.5% respectively. 

50 mm AC Toplift 

50 mm AC Bottomlift 

50 mm AC Toplift 

50 mm AC Bottomlift 

265 mm Limerock base 

305 mm Granular subbase 305 mm Granular subbase 

265 mm Limerock base 
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Table 3.1. Job mix formula and truck samples gradations, volumetric properties and air 
voids for fine-graded mixture bottom lift. 

 
HVS Round 3 (Fine Gradation) Summary Data

Lane 1 1 1 2 2 2 3 3 3
Section A B C A B C A B C
Truck JMF 1 1 2 2 3 3 4 4 5
Gmm 2.579 2.585 2.585 2.578 2.578 2.572 2.572 2.607 2.607 2.609
Gmb 2.475 2.487 2.487 2.493 2.493 2.497 2.497 2.504 2.504 2.484

AC content 4.6 4.1 4.1 4.6 4.6 4.3 4.3 4.1 4.1 4.3
Air Voids 4.0 3.8 3.8 3.3 3.3 2.9 2.9 4.0 4.0 4.8

VMA 14.7 13.9 13.9 14.1 14.1 13.7 13.7 13.3 13.3 14.1
VFA 73 73 73 77 77 79 79 70 70 66
Pbe 4.5 4.1 4.1 4.5 4.5 4.3 4.3 3.8 3.8 3.9

Dust Ratio 1.1 1.0 1.0 1.0 1.0 1.1 1.1 1.1 1.1 1.2
19 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

12.5 98.0 97.6 97.6 98.6 98.6 95.9 95.9 97.2 97.2 96.8
9.5 90.0 86.8 86.8 90.0 90.0 86.7 86.7 84.8 84.8 87.7

4.75 68.0 54.7 54.7 63.4 63.4 60.5 60.5 56.7 56.7 60.3
2.36 48.0 38.3 38.3 44.7 44.7 42.8 42.8 39.9 39.9 43.2
1.28 34.0 29.5 29.5 32.9 32.9 32.1 32.1 30.5 30.5 32.8
0.425 25.0 23.6 23.6 26.0 26.0 25.3 25.3 24.6 24.6 26.4

0.3 16.0 15.3 15.3 16.2 16.2 17.0 17.0 15.8 15.8 17.6
0.15 8.0 6.8 6.8 7.6 7.6 7.9 7.9 7.5 7.5 8.0
0.075 4.9 4.1 4.1 4.7 4.7 4.7 4.7 4.4 4.4 4.7

Density 93.0 93.1 92.8 93.3 93.3 94.2 93.7 92.5 92.1 91.9

Fine Graded Mix
Bottom Lift

 
 
Table 3.2. Job mix formula and truck samples gradations, volumetric properties and air 

voids for the fine-graded mixture top lift. 
 
HVS Round 3 (Fine Gradation) Summary Data

Lane 1 1 1 2 2 2 3 3 3
Section A B C A B C A B C
Truck JMF 7 7 & 8 8 5 5 & 6 6 4 4 5
Gmm 2.579 2.594 2.594 2.590 2.591 2.591 2.598 2.602 2.602 2.591
Gmb 2.475 2.493 2.493 2.487 2.506 2.506 2.504 2.491 2.491 2.506

AC content 4.6 4.4 4.4 4.3 4.2 4.2 4.2 4.1 4.1 4.2
Air Voids 4.0 3.9 3.9 4.0 3.3 3.3 3.6 4.3 4.3 3.3

VMA 14.7 14.2 14.2 14.3 13.6 13.6 13.7 14.0 14.0 13.6
VFA 73 73 73 72 76 76 74 69 69 76
Pbe 4.5 4.3 4.3 4.3 4.2 4.2 4.2 4.1 4.1 4.2

Dust Ratio 1.1 1.2 1.2 1.0 1.2 1.2 1.2 1.3 1.3 1.2
19 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

12.5 98.0 97.7 97.7 96.8 97.0 97.0 97.4 97.5 97.5 97.0
9.5 90.0 88.5 88.5 85.4 85.2 85.2 85.9 88.2 88.2 85.2

4.75 68.0 61.6 61.6 58.9 59.1 59.1 57.3 61.6 61.6 59.1
2.36 48.0 44.5 44.5 42.5 43.0 43.0 41.8 44.6 44.6 43.0
1.18 34.0 34.1 34.1 32.7 32.8 32.8 32.2 33.7 33.7 32.8
0.425 25.0 27.3 27.3 26.2 26.4 26.4 26.0 26.9 26.9 26.4

0.3 16.0 17.5 17.5 16.5 17.2 17.2 17.0 17.2 17.2 17.2
0.15 8.0 8.2 8.2 7.6 8.2 8.2 8.0 8.2 8.2 8.2
0.075 4.9 4.9 4.9 4.4 5.1 5.1 4.9 5.2 5.2 5.1

Density 93.0 92.8 92.1 92.6 93.7 93.4 93.9 92.7 91.4 92.3

Fine Graded Mix
Top Lift
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Table 3.3. Job mix formula and truck samples gradations, volumetric properties and air 
voids for the coarse-graded mixture bottom lift. 

 

Lane 4 4 4 5 5 5
Section A B C A B C
Truck JMF 6 6 7 7 7 8
Gmm 2.589 2.573 2.573 2.572 2.572 2.572 2.568
Gmb 2.485 2.461 2.461 2.548 2.548 2.548 2.451

AC content 4.5 4.8 4.8 4.6 4.6 4.6 4.6
Air Voids 4.0 4.3 4.3 4.4 4.4 4.4 4.6

VMA 14.6 15.7 15.7 15.6 15.6 15.6 15.8
VFA 73 72 72 72 72 72 71
Pbe 4.4 4.7 4.7 4.6 4.6 4.6 4.6

Dust Ratio 1.0 0.9 0.9 0.8 0.8 0.8 0.8
19 100.0 100.0 100.0 100.0 100.0 100.0 100.0

12.5 98.0 98.2 98.2 97.2 97.2 97.2 96.9
9.5 90.0 89.5 89.5 86.4 86.4 86.4 85.9

4.75 54.0 48.5 48.5 44.4 44.4 44.4 43.0
2.36 32.0 29.8 29.8 28.1 28.1 28.1 27.0
1.28 23.0 22.5 22.5 21.8 21.8 21.8 21.3

0.425 17.0 18.2 18.2 17.9 17.9 17.9 17.6
0.3 11.0 11.6 11.6 11.9 11.9 11.9 11.6

0.15 5.0 6.1 6.1 5.9 5.9 5.9 5.8
0.075 4.5 4.0 4.0 3.8 3.8 3.8 3.7

Density 94.5 93.9 93.6 94.2 93.3 92.8 94.4

Coarse Graded Mix
Bottomlift

HVS Round 3 (Coarse ) Summary Data

 
 
Table 3.4. Job mix formula and truck samples gradations, volumetric properties and air 

voids for the coarse-graded mixture top lift 
 

Lane 4 4 4 5 5 5
Section A B C A B C
Truck JMF 2 2 3 1 1 2
Gmm 2.589 2.579 2.579 2.583 2.573 2.573 2.579
Gmb 2.485 2.468 2.468 2.514 2.457 2.457 2.468

AC content 4.5 4.6 4.6 4.9 4.5 4.5 4.6
Air Voids 4.0 4.3 4.3 2.7 4.5 4.5 4.3

VMA 14.6 15.2 15.2 14.0 15.6 15.6 15.2
VFA 73 72 72 81 71 71 72
Pbe 4.4 4.6 4.6 4.6 4.5 4.5 4.6

Dust Ratio 1.0 0.8 0.8 0.9 0.8 0.8 0.8
19 100.0 100.0 100.0 100.0 100.0 100.0 100.0

12.5 98.0 96.6 96.6 97.8 96.8 96.8 96.6
9.5 90.0 85.8 85.8 89.2 88.0 88.0 85.8

4.75 54.0 47.8 47.8 53.7 47.3 47.3 47.8
2.36 32.0 30.1 30.1 33.7 29.5 29.5 30.1
1.28 23.0 23.1 23.1 25.8 22.8 22.8 23.1

0.425 17.0 19.0 19.0 21.0 18.7 18.7 19.0
0.15 11.0 12.6 12.6 13.9 12.1 12.1 12.6
0.3 5.0 5.9 5.9 6.5 5.7 5.7 5.9

0.075 4.5 3.8 3.8 4.1 3.6 3.6 3.8
Density 94.5 92.7 92.6 92.1 93.4 93.7 93.4

HVS Round 3 (Coarse ) Summary Data

Coarse Graded Mix
Toplift
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3.4.1 Aggregates 

The coarse mix was made up of 27% of #78 stone with Georgia code GA-553 and 

Florida code 43, 33% #89 GA-553 code 51, 32% W-10 Screening GA-553 code 20 and 

8% natural from Starvation Hill Pit.   The proportions are by weight of total aggregates.  

The fine-graded mixture was made from the same aggregate source with the 

following mix proportions, 27%, 10%, 53% and 10% of Florida code 43, 51, 20 and 

Starvation Hill sand respectively.   These gradations are typical for asphalt pavement 

construction in Florida. The same aggregate was used for the production of both mixtures 

but vary only on the gradation requirements.   Figure 3-3 shows the gradation of the 

coarse-graded and fine-graded mixtures. 
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Figure 3.3. Job mix formula gradation curves of fine-graded and coarse-graded mixtures. 
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3.4.2 Asphalt 

The asphalt used for the design and production of the two mixtures was a grade PG 

67-22 (AC-30) which is typically used for high traffic volume asphalt pavement 

construction in Florida.   The AC has considerable stiffness at in service temperature of 

Florida’s climate and influences rutting performance.   In this research no asphalt 

modifier or additive was used in the mixtures.   Table 3.5 shows the test requirements and 

specification for the asphalt used for production of both fine-graded and coarse-graded 

mixtures.  

Table 3.5. Specification for the asphalt PG 67-22 used for the mixtures. 
 

Test Specification Temperature°C
Viscosity Max. 3 Pas 135
G*/Sin ∂ Min. 1.0 kPa 64

Test Specification Temperature°C
G*/Sin ∂ Min. 2.2 kPa 64

Test Specification Temperature°C
G*Sin ∂ Max. 5000 Pas 25
Creep 

Stiffness 0.300 ≤ CS ≤ 300 -12 @ 60 sec

Original Asphalt

RTOF

PAV

 
 

The optimum asphalt content for the fine-graded and coarse-graded mixtures were 

4.6% and 4.5% respectively.   The optimum asphalt content was determined at Ndes of 

100 gyrations with the Pine Gyratory Compactor and at 4% air voids content.  Appendix 

A shows the Mix designs for both the fine-graded and coarse-graded mixtures   

3.5 Test Tracks Construction and Instrumentation 

All five test lanes, which were made up of three (3) lanes of fine-graded mixture 

and two (2) lanes of coarse-graded mixture, were constructed at the APT site at the 

FDOT State Materials Office in Gainesville.   Lane 1 was for aging the studies, lanes 2 
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and 3 were for fine-graded mixtures whilst lane 4 and 5 were coarse-graded mixture 

rutting studies.   Each lane has two lifts of 50 mm asphalt concrete surface.   The lanes 

were compacted to 7±1% field air voids at the optimum asphalt content.   Samples of the 

mixtures were taken from the trucks and tested for its asphalt content, gradation and 

theoretical maximum specific gravity Gmm.   After compaction, cores were taken to 

determine air void content and lift thickness of each section.   These tests were carried 

out by the FDOT State Materials Office.   The Tables in Appendix B shows the 

thicknesses and air voids test results of each lane/section of the test tracks.  

Figure 3.1 shows the instrumentation of the test truck.   A total of nine (9) pressure 

cells were installed at the bottom layer.   Seventy (70) Strain gages were installed at 

various locations and at the top of the top lift and top of the bottom lift during 

construction.   Six (6) K-type thermocouples were installed at the beginning of 

application of wheel loading for each section.   The thermocouples measured 

temperatures at a depth of 50 mm from the surface of the pavement.   

3.6 Heavy Vehicle Simulator Test Configuration and Instrumentation 

The HVS was manufactured in of South Africa.  It is self - propelled, 40 foot long 

and weighs 40 tons.   The HVS is capable of applying different loads and could be 

equipped with different tires in either singe or dual type.   In this research, the HVS was 

equipped with a test carriage having a 16in wide super single radial tire of 18000 lbs of 

load at 115 psi pressure.   The test carriage is mounted on a test beam that allows both 

longitudinal and transverse movement.   The load via the radial tire makes a 4 inch of 

transverse movement called wander in one inch increment for 30 feet Uni-Directional 
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longitudinal traverse.   Tia et al (2002) found that this is the HVS loading configuration 

that simulates actual field situation. 

3.7 Laser Profiler  

The Laser Profiler, model SLS 5000TM manufactured by LMI Selcom was 

mounted on a test carriage, one each side and 30 inches apart.  Each pass of the laser’s 

records 58 data points.   This process is repeated until each laser covers the lateral 

distance between them, making a total of 61 sweeps.   There is a coincidence of laser 

points at the 61st point for the two lasers.   The last sweep of the right laser overlaps the 

first sweep of the left laser.   The total lateral distance the lasers make sums up to be 60 

inches.   Data captured by computers connected the HVS was used to calculate the 

longitudinal profile and the transverse profiles using a computer software written by Tom 

Byron of the FDOT.   The figure below shows the HVS Test Carriage and Lasers. 

 
Figure 3.4. Heavy vehicle simulator test c

s
laser
 

 

arriage and lasers. 
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3.8 Trafficking 

A total of 90,000 passes of a 9000 lb, via a 12 inches wide radial tire at 115 psi was 

applied on each section of the Test Track at speed 8 mph in one direction only 

(unidirectional mode).   Fourteen thousand (14000) passes were applied each day running 

continuously and only stopped for repairs and servicing of the HVS or if any of the 

pavement heaters malfunctioned.   Testing of the tracks was terminated after a total of 

90000 passes were applied to each section of the lanes.   Florida States requires some for 

maintenance interventions when the average rut depth exceeds 12.5mm of routes carriage 

heavy traffic.   The figure below shows the longitudinal rut profiles made after the HVS 

run with 90,000 passes for the sections. 

 

 
 
Figure 3.5. Longitudinal rut imprints on section 3-3B. 

3.9 Heating and Temperature Control 

The effects of temperature on rutting have been investigated by many researchers. 

Robertson (1997) observed that the shape of the temperature profile in a pavement is 
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dependent on the air temperature history.   There could be several inflection points, 

depending on air temperature history of the location. 

Thus to simulate Florida climatic conditions, the pavement was heated to 50°C.  

The heating, measuring and temperature control system of the test track pavement 

consisted of three pairs of Watlow Raymax 1525 radiant heaters capable of heating the 

space enclosed by the HVS and insulators to a temperature of 50°C.   Pavement 

temperature was measured by 6 K-type thermocouple inserted into the pavement one 

each side of the wheel path at 3 pair locations.   The average temperature was measured 

by the thermocouples at a depth of 2 inches of the pavement and was recorded by the 

monitoring computer.   To avoid the situation of varying air temperature of the 

Gainesville area causing variations in the pavement temperatures, the track was shielded 

from the effects of the environment using 3in thick Styrofoam board covered with an 

0.08in thick aluminum sheeting.   Figure 3.6 and 3.7 shows the thermocouple layout on a 

test section and the HVS and insulation assembly.  

 
 
Figure 3.6. Thermocouple assembly on track 3-2A. 
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Figure 3.7. Heavy vehicle simulator with its insulation assembly. 

3.10 Rut Measurement 

The two non-contact lasers mounted on the Test Carriage measures the vertical 

distance between the surface of the pavement and the laser position.   The initial runs of 

the HVS was set to apply no load as it moves longitudinal with the specified maximum 

wander of 4 inches in 1 inch increments.   Such runs set the baseline reference for 

subsequent runs with load application.   The LMI Silicon Lasers have a 0.025% 

resolution and collect and output real time data every 4 inches taking 58 transverse data 

per longitudinal pass.   The two lasers, left and right as they are designated make a 

“straight” and diagonal longitudinal movement interchangeably to complete the 

maximum wander of 4 inches.   The process would be repeated 30½ times until each 

laser would sweep over a lateral distance of 30 inches.   Analysis of the profiler data was 

done using a Computer Software written by Tom Byron of the FDOT.   The initial 

surface profile before the test is subtracted from the measured surface after the test to 

obtain the differential surface profile. 



34 

 

3.11 Air Void Content and Thickness Changes 

The layer thickness and air void content change with the application of wheel loads 

in and just outside the wheel path as a result of rutting of the HMA mixture.   The initial 

as constructed layer thicknesses and air voids were determined by taking 2 cores each per 

section per layer.   Their thicknesses were measured with a caliper.   The bulk specific 

gravity was determined and air voids calculated.   After the HVS runs 4 cores each were 

taken from each section.   Two (2) of those cores were from inside the wheel paths and 

the 2 others from just the edge of the wheel path in the humps created by the shearing of 

the mixtures.  The thickness was measured transverse to the direction of travel of the 

wheel along the side of the core after which the top and bottom lift where separated using 

a diamond saw.  The figure below shows the core locations comparing center of wheel 

path to edge of wheel path 

 
 
Figure 3.8. Location of cores to be taken after the HVS runs on section 3-3B. 
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3.12 Determination of Viscosity of Cores  

Two cores were taken to determine the viscosity of the asphalt shortly after laying.    

The asphalt was extracted according to the Reflux Asphalt Extraction procedure, ASTM 

2171-95 and recovered from Trichloroethylene solvent using ASTM 5404-97 from cores 

taken from the section before and after the HVS runs.   Two cores each were taken from 

the sections before the runs.   After the runs, cores were taken from lanes 3 and 5 only. 

Lane 3 has the fine graded mixture while lane 5 has the coarse-graded mixture.   In 

lane 3, two specimens were taken the bottom lift of section 3A, two taken from wheel 

path top lift of section 3B and two specimens taken from the edge (hump) top lift of 

section 3C.   In lane 5, two specimens were taken from the hump of section 5A in the top 

lift, two from the top lift wheel path of section 5B whilst two cores were taken from the 

bottom lift of section 5C.   The viscosity at 60°C of the recovered asphalt was measured 

using the Brookfield Viscometer DV III+ according to ASTM D 4402.   All asphalt 

samples were tested in triplicates.   Three shear rates were used in the test.   An initial 

shear rate of 15 % torque was varied to 50 % and then to 85 % at 1.5 minutes intervals.  

The average viscosity was calculated as the viscosity at the different rate of shear at 

60°C. 

3.13 Laboratory Testing on Plant and Laboratory Prepared Mixtures 

A series of laboratory tests were performed to determine the mixture response 

characteristics and performance prediction parameters of the two mixtures taken from 

delivery trucks and stored during the construction phase of the test tracks.   Some 

specimens were also batched in the laboratory and tested for similar parameters. 
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3.13.1 Asphalt Pavement Analyzer Test 

Rut susceptibility has been correlated to APA rut depths in many researches and a 

standard specification has been set by the FDOT for rut resistance mixtures.   An upper 

limit of 8 mm rut depth in the APA is the standard specification. 

Two specimens of 75 mm and 115 mm thickness and 150 mm diameter were tested 

in the Asphalt Pavement Analyzer (APA) at 7% air voids.   The test was conducted by 

Howard Moseley of the FDOT using standard method AASHTO TP 63-03.   The 

specimen was tested at 64°C at 8000 cycles in a bi-directional mode under a 100 ± 5psi 

pressurized rubber hose.   All specimens were plant mixtures sampled from delivery 

trucks compacted in a Pine Gyratory Compactor. 

3.13.2 Servopac Gyratory Compactor Testing 

The mixture’s rutting performance prediction was evaluated using the Servopac 

Gyratory Compactor with shear and density measuring capabilities.   The Servopac 

Version 1.23 developed by Industrial Process Control (IPC) of Australia was used.    

Both the top and bottom lifts were tested in the Servopac Gyratory Compactor 

using the testing procedures developed by Birgisson, et al (2002).  

Four 4.5 kg specimens were prepared from plant mixtures sampled from delivery 

trucks and laboratory batched specimens using the fine-graded and coarse-graded JMF.   

The specimens were compacted using the servopac gyratory compactor.   Two specimens 

each were compacted to Nmax of 160 gyrations representing traffic level D at a gyration 

angle of 1.25°, 600kpa of ram pressure, 30 revolutions per minute (rpm) and at 300°F.   

The servopac gyratory compactor automatically measured the density and gyratory shear 

at every gyration.  The bulk density of the compacted specimen was determined and the 
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machine measured densities corrected.   The number of gyration to obtain 7% air void 

was determined.   The two other specimens were compacted at 1.25° to number of 

gyrations to obtained 7% air voids.   Then, the angle of gyration was changed to 2.5° and 

compacted for 100 more gyrations.   Ram pressure, rpm and temperature remained 

constant.   The gyratory slope and the vertical failure strain were determined from the test 

results. 

3.13.3 SuperPaveTM Indirect Tensile Test 

Superpave IDT test as recommended by Roque et al (2004) was performed on plant 

mixtures sampled from delivery trucks during the construction of the test tracks.   Truck 

1, 2 and 3 contained coarse-graded mix which was used to construct lanes 4 and 5.   

Truck 4, 5, 6, 7 and 8 were fine-graded mixtures used in the construction of lane 1, 2 and 

3 of the test track. 

Only the top lift specimens were tested in the IDT.   Two (2) sets of 3 specimens 

from each truck sample were tested using the MTS Superpave IDT testing Machines.   

Specimens were made from shot-term oven aged specimen compacted to 7±0.5% air 

voids in the Servopac Superpave Compactor.   Test temperature was 10°C for conducting 

the Resilient Modulus, Creep and Tensile Strength Test on all specimens. 

3.14 Condition Survey 

All the 12 pavement sections were inspected before and after the HVS runs.   The 

main purpose of the survey was to find out whether any other pavement distress apart 

from rut has occurred due to the application of the loads.   The inspection was a visual 

survey and any distress found was marked for further evaluation.   Where cracks were 
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found, the width and total area were measured and cores taken so as to assess the causes 

for these cracks. 
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CHAPTER 4 
RESULTS, ANALYSIS AND DISCUSSION 

4.0 Evaluation of Rut Profiles 

Rut profile data give considerable information on the causes, types and mode of 

pavements or HMA mixture rutting.   The shape of the transverse profile for instance 

could be used to determine whether the rutting was due to the surface layers (instability 

rutting) or was probable from the bases or the subgrade layers (structural). 

4.1 Introduction 

Both the rut depth and transverse pavement profiles after the HVS loadings were 

analyzed.   The average differential rut depth was plotted versus number of HVS passes 

from 100 to 90000 passes.   The differential rut depth was initially evaluated at every 100 

passes and then at 1000 to 5000 as the number of passes grew. 

The transverse profiles at 90000 passes were used to compute the Area Parameter.   

The area parameter compares the volume of the humps to that of the wheel path 

depression and gives an indication of whether rutting was due shear flow or densification.    

4.2 Rut Depth 

Figure 4.1 shows the differential rut depths of the various test sections versus 

number of HVS wheel passes. 

Both the fine-graded and coarse-graded mixtures show similar trends.   Rut depth 

increased rapidly and exponentially with number of passes initially and then flattens out 

on the second portion as the number of passes grew.   The steep rise comes as a result of 

the very large rut depth per pass of around 0.024mm/pass to about 0.000058mm/pass of 
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the wheel.   Rut depths development on each test sections increased rapidly initially to 

between 2500 and 3000 passes.   This was followed by for the very slow rate of rut 

development until termination.   The rate of growth rut per pass was within a range of 

2.7-6.2 x 10-5mm/pass at 90,000 passes for the sections at termination. The initial rate 

was more than 400 times the rut growth at termination for the sections.   The minimum 

and maximum rut depths are 9.78 mm and 16.3 mm for the fine-graded mixture and a 

minimum of 13.47 mm and maximum of 17.13 mm for the coarse-graded mixtures 

respectively.   The average rut depth was 12.8 mm for the fine-graded mixture and 15.1 

mm for coarse-graded mixture. 

Figure 4.2 shows the maximum differential rut depth for all the sections of the fine 

and coarse graded mixtures.   Figure 4.3 shows the maximum absolute rut depth for all 

the test sections 

0.0

5.0

10.0

15.0

20.0

0.0 10000.0 20000.0 30000.0 40000.0 50000.0 60000.0 70000.0 80000.0 90000.0 100000.0

NUMBER OF PASSES

R
U

T 
D

EP
TH

 (m
m

)

3-3A

3-3B

3-3C

3-5B

3-5C

3-5A

3-2C

3-2B

3-4A

3-4B

3-2A

3-4C

  
Figure 4.1. Plot of change in rut depth versus number of HVS wheel passes. 
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Figure 4.2 Maximum differential rut depths for the sections. 
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Figure 4.3 show the maximum absolute rut depths for all the test sections. 

From the analysis above, there seemed be a difference in rut performance of the 

two mixtures at 50°C.   The fine-graded mixture seemed to have out performed the 

coarse-graded mixture in both differential and absolute rutting.   However statistical 

analysis of the means of differential rut depth of the fine-graded and coarse-graded 
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mixtures showed that there are no significant differences in the rut depths.   The Student 

t-test statistics at 95% level of confidence was 1.81 at 7 degrees of pooled-freedom whilst 

the observed “t” for the differential rut depth was 1.06 indicating the null hypothesis of 

equality of the mean of the fine-graded and coarse-graded mixtures could not be rejected. 

4.3 Transverse Rut Profile 

Considerable amount of information was obtained from the transverse profile of the 

sections.   As early as 100 passes of the test wheel, both the fine-graded and the coarse-

graded mixtures have developed humps just outside the wheel paths.   Humps develop as 

a result of shear deformation or instability at relatively low air void content.   However 

the top lift layers of both mixtures developed humps early in their service life. 

The mixtures were compacted to an initial air voids ranging from 92.1% to 93.7% 

and 92.4% to 93.5% of Gmm for the fine-graded and coarse-graded mixtures respectively.   

After 90000 passes, the air voids of the sections ranged from a minimum of 4.4% to 

maximum of 6.7% at termination for the coarse-graded mixtures and 4.3% to 6.4% 

respectively for the fine-mixture.   This means that humps have developed at relatively 

higher air voids for the mixtures giving an indication that most of what was contributing 

to the rutting must be shear deformation of the HMA mixture and not densification.   

Figure 4.4 show the differential transverse profiles at 100 passes for the fine-graded 

mixes and Figure 4.5 shows the same profiles at 100 passes and a profile of a 90000 

passes shown on it for comparison purpose.   Figure 4.6 and 4.7 show the same plots for 

the coarse-graded mixes.   The height of the hump at 100 passes for the fine mixture was 

about 0.8 mm and that of the coarse mixture was over 1 mm 
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Figure 4.4 Differential transverse profiles at 100 passes of the fine-graded mix. 
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Figure 4.5. Differential transverse profiles at 100 passes as compared with one of 90000 

passes for the fine-graded mixture. 
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Figure 4.6. Differential rut profiles at 100 passes of the coarse-graded mixture. 
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Figure 4.7. Differential transverse profile at 100 passes as compare with one the 90000 

passes for the coarse-graded mixtures. 
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The evolutions of the transverse profile of the fine-graded and coarse-graded 

mixtures are similar.   In both cases, the first 100 passes gave the largest single 

differential rut depth.   Approximately, both mixtures recorded just around 2 mm 

depression in the wheel path and humps of about 1 mm in the first 100 passes.   As the 

number of passes grew from 100 passes to 9000 passes, both the depression in wheel 

paths and the humps also grew in magnitude and in similar proportion as the initial 100 

passes.   The downward movement of the wheel path, and the upward progression of the 

humps indicated a combination of shear flow and densification occurred during the test 

Figures 4.8 and 4.9 show the evolution of the transverse profiles of the fine-graded 

and coarse-graded mixtures section 3C and 5A. 
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Figure 4.8. Evolution of transverse profile of fine-graded mixture section 3C. 
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Figure 4.9. Evolution of transverse profile of coarse-graded mixture section 5A. 

4.4 Area Parameter Change Method Evaluation of Transverse Rut Profiles 

The laser rut profilers attached to HVS measured the initial surface profiles before 

the application of the loads thus rut progression had a reference surface for comparison. 

The area difference enclosed between the initial surface and the terminal surface 

profile was used to determine the type of rutting occurring under the load.   Drakos et al, 

(2002) using transverse profile data from the Modified APA showed that a net positive 

area indicated a predominance of instability rutting whilst a net negative area showed 

mainly densification rutting.   The positive areas are the humps and the negative areas are 

the depressions in the wheel paths.   Figure 4.8 and 4.9 show the initial and final surface 

profiles for section 3-3C and 3-5A.   These sections (3-3C and 3-5A) have the maximum 

differential rut depths among all the test sections.   The sections with to lowest 

differential rut depths were 2A and 3B and were recorded on the fine-graded mixture 



47 

 

298.0
300.0

302.0
304.0
306.0
308.0

310.0
312.0
314.0
316.0

318.0
320.0

0 10 20 30 40 50 60 70

LASER TRAVEL  (in)

R
U

T 
D

EP
TH

  (
m

m
)

90000passes

zeropass

 
 
Figure 4.10. Initial and final surface profile of a fine-graded section 3-3C. 
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Figure 4.11. Initial and final surface profile of a coarse-graded section 3-5A. 

The Area Change Parameter (ACP) can be calculated for any transverse profile.  

Using Loess curve fitting function or polynomial after linearization of the rut profiles, the 

areas under the initial and final surface profiles were calculated by integrating the 
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polynomial from one end of the cross section to the other of the transverse profile for all 

the 12 sections.   Loess allows for modeling of the parametric regression surface of the 

transverse rut profiles so they could be integrated.   Table 4.1 shows the areas under the 

original and final surface profiles and the ACP as well the Differential and Absolute rut 

depths of the sections. 

Table 4.1. Area change parameters of the fine-graded and coarse-graded sections. 
 

Section ID
Initial Area      

(in2) Final Area (in2) 
Absolute Rut 

Depth
Differential 
Rut Depth

Area Change 
(in2)

Area Change 
Parameter

3-2A 734.581 732.944 11.22 9.8 1.637 0.223

3-2B 734.581 732.944 10.37 10.1 1.637 0.223

3-2C 734.581 732.944 13.12 13.8 1.637 0.223

AVERAGE 734.581 732.944 11.57 11.2 1.637 0.223

3-3A 728.754 726.216 10.58 12.3 2.538 0.348

3-3B 612.683 609.135 11.22 12.7 3.548 0.579

3-3C 728.571 724.578 15.24 16.9 3.993 0.548

AVERAGE 690.003 686.643 12.35 14.0 3.360 0.492

Section ID
Initial Area      

(in2) Final Area (in2) 
Absolute Rut 

Depth
Differential 
Rut Depth

Area Change 
(in2)

Percentage 
Area Change

3-4A 742.882 740.91 13.55 13.6 1.972 0.265

3-4B 734.558 732.954 14.18 13.5 1.604 0.218

3-4C 728.055 726.825 17.03 15.8 1.230 0.169

AVERAGE 735.165 733.563 14.92 14.3 1.602 0.218

3-5A 736.521 732.954 15.03 17.1 3.567 0.484

3-5B 725.882 724.613 11.01 14.2 1.269 0.175

3-5C 736.172 732.748 12.28 16.2 3.424 0.465

AVERAGE 732.858 730.105 12.77 15.8 2.753 0.375

FINE-GRADED MIX

COARSE-GRADED

 
 

As shown the positive ACP indicates that primarily both the fine-graded and 

coarse-graded sections exhibited instability rutting. 

There is a theoretical basis for the ACP.   Consider the transverse profile of a rutted 

surface superimposed on the initial or existing surface before trafficking as shown below. 
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Typically this is how HMA pavements with adequate structure behave under loads when 

instability rutting is the rule.   If for some reason for instance, higher initial air voids 

contents immediately after compaction of the mixture, then consolidation rutting with the 

absence humps at the edges but only depressions in the wheel paths will be seen from the 

transverse profile plots 

 
 
Figure 4.12. Positive A1 and negative A2 areas of a transverse rut profile. 

If HMA material was moved from A2 and equal amount was transferred to A1 then 

shear deformation was primarily contributing to the rutting.   On the other hand if less 

was transferred that is A1 less than A2 then, some considerable amount of consolidation 

would have occurred and consolidation would be controlling rutting. 
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Table 4.1 shows the differences of the Area Change Parameter of both the fine-

graded and coarse-graded mixtures.   The highest area-change determined for the fine-

graded mixture was 0.579 in2 for section 3B which recorded a differential rut of  

12.7 mm.   In section 3C where the highest differential rut depth recorded was 16.9 

mm the area-change parameter determined was 0.548 in2.    In general there seem to be no 

direct relationship between the differential rut depth and the Area Change Parameter. 

Since both fine-graded and coarse-graded mixtures exhibited shear deformation 

primarily, the ACP was unable to distinguish their rutting performance.   The Area 

Change Parameter can be used in the evaluation of transverse rut profiles to determine the 

type of rutting occurring on HMA pavements. 

The calculations of the Area Change Parameter are as shown in Appendix C. 

4.5 Evaluation of Core Densities 

Tables 4.2 and 4.3 show the air voids contents of the cores from the wheel paths 

and the edges of the wheel paths after the HVS runs for the fine-graded and coarse-

graded mixtures respectively. 

Bulk densities of cores extracted from the test sections were determined according 

to AASHTO T 166-93 and the air voids calculated using the Gmm for each truck sample. 

The Gmm was determined using the Rice method for the determination of the 

Maximum specific gravity of bituminous paving mixtures, AASHTO MT 321. 
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Table 4.2. Air voids level of the cores from the wheel paths and edges of the wheel paths 
lane 3 fine-graded mixture sections. 

 

lane section location Sample 
No

Wt in 
Air (g)

Wt in 
H2O (g)

SSD 
Wt (g)

Gmb 
(Mg/m3) Gmm

Air 
Voids 
(%)

Average 
decrease 

wheel path 
air voids 

(%)

Average 
Initial 

thickness 
(mm)

Rut due to 
densification 

(mm)

Total Rut 
depth after  
HVS 90000 

passes 
(mm)

Total 
percentage 
rut due to 

densification

2 2171.6 1299.7 2172.2 2.489 2.602 4.3
4 2154.9 1286 2155.6 2.478 2.602 4.8
1 2343.7 1365 2345.6 2.390 2.602 8.1
3 2295.1 1332.6 2296.9 2.380 2.602 8.5

2 2212 1319.3 2213 2.475 2.602 4.9
4 2333.9 1396.5 2339.9 2.474 2.602 4.9
1 2356.8 1384.8 2359.3 2.418 2.602 7.1
3 2311.7 1341.7 2313.2 2.380 2.602 8.6

2 2204 1310.8 2204.6 2.466 2.591 4.8
4 2321.6 1384.4 2322.8 2.474 2.591 4.5
1 2282 1308.2 2284.1 2.338 2.591 9.8
3 2580 1498.8 2582.4 2.381 2.591 8.1

2 2258.4 1352.8 2259.1 2.492 2.607 4.4
4 2239.2 1322.9 2240.1 2.441 2.607 6.4
1 2233.5 1323.8 2234.4 2.453 2.607 5.9
3 2242.8 1342 2243.2 2.489 2.607 4.5

2 2084.7 1244.7 2085.4 2.480 2.607 4.9
4 1987.2 1188.4 1987.8 2.486 2.607 4.6
1 2488.5 1471.2 2489.9 2.443 2.607 6.3
3 2250.6 1316.1 2251.8 2.405 2.607 7.7

2 2010.1 1204.4 2010.7 2.493 2.609 4.4
4 1803.6 1079.5 1804.3 2.488 2.609 4.6
1 2135.2 1259.1 2136.2 2.434 2.609 6.7
3 2100 1234.1 2102 2.420 2.609 7.3

57.8

58.6

53.4

53.5

2.3

2.4

3.8

55.5

2.9

4.3

-0.2

51.6 1.26

1.25

-0.09

2.46

1.55

2.02

bottomC

bottomB

bottomA

topC

topB

3

edge

center

edge

center

topA

3

edge

center

edge

center

edge

center

center

edge

3

3

3

3

12.30

12.70

16.90

15.67

22.07

22.03

 
 

Generally there was a larger reduction of air voids in the wheel paths for the top 

and bottom lifts of the fine mix gradation than that the coarse-graded mixtures.   At the 

top lift, air voids reduction ranged from 2.9 to 4.3%.   As expected the bottom layers have 

less air void reduction and at section 3-3A there was no reduction at all at the bottom lift. 

The overall contribution of densification for the fine-graded mixture to rutting 

ranged from 16% to 22%.   Thus much of the rutting was due to shear deformation 

creating humps at the edge of the wheel paths.  
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Table 4.3. Air voids level of the cores from the wheel paths and edges of the wheel paths 
of lane 5, coarse mixture. 

 

lane section location Sample 
No

Wt in 
Air (g)

Wt in 
H2O (g)

SSD 
Wt (g)

Gmb 
(Mg/m3) Gmm

Air 
Voids 
(%)

Average 
decrease 

wheel path 
air voids 

(%)

Average 
Initial 

thickness 
(mm)

Rut due to 
densification 

(mm)

Total Rut 
depth after  
HVS 90000 

passes 
(mm)

Total 
percentage 
rut due to 

densification

2 2335.1 1385.5 2336.1 2.456 2.573 4.5
4 2239.7 1328.4 2240.8 2.455 2.573 4.6
1 2370.5 1385.7 2377.2 2.391 2.573 7.1
3 2580.2 1500.4 2585.7 2.377 2.573 7.6

2 2263.6 1344.8 2265.3 2.459 2.573 4.4
4 2273.7 1346.9 2274.8 2.450 2.573 4.8
1 2343.8 1371.4 2348.6 2.398 2.573 6.8
3 2485.3 1457.8 2490 2.408 2.573 6.4

2 1944.2 1139.8 1947.6 2.407 2.579 6.7
4 2177.3 1293.1 2178.5 2.459 2.579 4.6
1 2058.7 1211.7 2062 2.421 2.579 6.1
3 2225.5 1315.8 2227.2 2.442 2.579 5.3

2 1833.5 1104 1834.2 2.511 2.572 2.4
4 2061.8 1229.6 2062.8 2.475 2.572 3.8
1 2064 1218.4 2065.5 2.437 2.572 5.3
3 2168.2 1279.1 2169.3 2.436 2.572 5.3

2 2124.8 1273.2 2125.8 2.492 2.572 3.1
4 1970.4 1175.9 1971.5 2.477 2.572 3.7
1 2156.2 1276.8 2157.1 2.449 2.572 4.8
3 1886.2 1117.1 1886.9 2.450 2.572 4.7

2 1988.8 1184 1989.6 2.469 2.568 3.9
4 1861.4 1115.2 1862.2 2.492 2.568 3.0
1 1902.4 1121.5 1903.6 2.432 2.568 5.3
3 2197.8 1301.7 2198.5 2.451 2.568 4.6

0.78

0.72

1.15

0.03

5

5

5

5

5

5 bottomC

bottomB

bottomA

topC

topB

topA
center

edge

center

edge

center

edge

center

edge

center

edge

center

edge

2.8 54.5 17.10 15.591.51

2.0 53.6 14.20 12.621.07

0.1 53.2 16.20 5.02

2.2 52.2

1.3 53.3

1.5 52.0

 
 

There was considerably less reduction in air voids of the wheel paths of the  

coarse-graded sections than the fine-graded sections.   The air void reduction of the top 

lift ranged from 0.1 to 2.8% and the bottom lift from 1.3 to 2.2%.   The percentage of 

rutting due to densification ranged from 5 to 16 % indicating that much more shearing 

deformation occurred in the coarse-graded mixture than the fine-graded mixture. 

It was observed that sections with lower densification show higher rut depths. This 

suggests that at optimal (6 to 8%) level of field compaction of the mixtures, rutting was 

associated primarily with mixture’s shear resistance measured by resistance to aggregate 

sliding and rotation within the mixture.   Shearing was induced by lateral stresses 
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generated by radial tires and it seems the coarse-graded mixtures with greater proportion 

of coarse aggregates developed bigger humps than finer mixture under the same wheel 

loads. 

The change in air voids between the wheel paths and humps quantifies the 

proportion of the total rutting associated with densification. 

4.6 Evaluation of Recovered Asphalt 

Table 4.4 shows the average viscosity of the Asphalt recovered from the wheel 

paths, top lift, top lift humps and bottom lift wheel path, for both fine-graded and coarse-

graded mixtures.   The viscosities at 60 °C of the recovered asphalt are in Appendix C. 

Table 4.4. Viscosity of recovered asphalt 
 

 
In the wheel paths for both fine-graded and coarse-graded mixtures, recovered 

asphalt viscosities did not show any significant differences.  The fine-graded mixture has 

an average viscosity of 27,539 poises whilst the coarse-graded mixture has average 

FINE MIX COARSE MIX

Section Location Sample ID Top lift Section Location Sample ID Top lift

I 2711720 K 2867903

I3 2526104 K3 2551666

J 3023872 L 2546778

average 2753898.67 average 2655449

E 4162000 G

E3 4543666 G3 2907439

**F 2960397 **H 655747

average 4352833 average 2907439

Section Location Sample ID Bottom lift Section Location Sample ID bottom lift

A 1198604 C 1333246

A3 758256 C3

B 1986190 D1 1168119

average 1314350 average 1250682.5

edge

VISCOSITY OF RECOVERED ASPHALT AT 60°C POISE

3B center 5B center

edge3C 5A

3A center 5C edge
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viscosity of 26, 555 poises.   Similar comparison could be made of the bottom lifts.  The 

fine-graded mixture recorded an average of 13,144 poises in the wheel path whilst the 

coarse-graded mixture recorded 12,509 poises in the edges.   Thus there are no significant 

differences in viscosities for the bottom lifts of the two mixtures.   In the humps both the 

fine-graded and coarse-graded mixtures recorded viscosities which are two times their 

respective viscosities of the bottom lifts.   That indicated the effects of the ageing process 

of the environment on the top 50 mm of the pavement. 

It was also observed that the fine-graded mixture had two times the viscosity of the 

coarse-graded mixture for top lift in the humps as show for sections 3C and 5A in  

Table 4.4 however, differential rut depth recorded from the HVS show that sections 

3C and 5A have the highest and similar rut depths of 16.9 and 17.1mm for fine-graded 

and coarse-graded mixtures respectively. 

From Table 4.2 and 4.3, the average termination air voids in the humps of sections 

3C and 5A are 8.95 and 7.35% indicating a difference 1.6%.   The wheel paths air voids 

were relative the same for the sections averaging 4.65 and 4.55% for 3C and 5A 

respectively.   The 1.6% higher field air voids content in the humps of the fine-graded 

mixture probably was responsible for doubling the asphalt viscosity in the fine-graded 

section.   Due to the limited data the above analysis did not show conclusively whether or 

not asphalt viscosities had any influence on the rutting patterns of the sections.  Specimen 

F, G and H got contaminated and were excluded from the calculations. 

4.7 Asphalt Pavement Analyzer Test  

The mixtures were assessed based on their APA test results.   Generally APA test 

result gives an indication of mixture future field rutting performance.   However APA 
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results have not been known to distinguish between fine-graded and coarse-graded 

SuperPaveTM mixture rutting potential. 

The APA test was conducted by the FDOT at 8000 cycles and at 64°C.   The results 

are as shown in Table 4.5.   The fine-grade mixture has APA rut depth ranging from 3.3 

mm to 4.0 mm with a mean of 3.7 mm for the 75 mm specimen and 3.4 to 3.6 mm with 

an average of 3.5 mm for the 115 mm specimen for the top lift. 

Table 4.5. Asphalt pavement analyzer rut depth for both fine-graded and coarse-graded 
mixture. 

 

75 mm specimen 115 mm specimen
2A 3.3 93.7 4.0 3.6
2B 3.3 93.4 4.0 3.6
2C 3.6 93 3.5 3.4

Average 3.4 93.4 3.83 3.53
3A 4.3 92.6 3.3 3.5
3B 4.3 92.1 3.3 3.5
3C 3.3 92.1 4.0 3.6

Average 3.97 92.27 3.53 3.53
4A 4.3 93.7 3.1 3.3
4B 4.3 92.6 3.1 3.3
4C 2.7 92.1 2.8 2.9

Average 3.77 92.80 3.00 3.17
5A 4.5 92.6 2.3 3.3
5B 4.5 92.6 2.3 3.3
5C 4.3 92.6 3.1 3.3

Average 4.43 92.60 2.57 3.30
2A 3.3 93.3 4.3 2.9
2B 3.9 94.2 3.8 3.0
2C 2.9 92.8 3.8 3.0

Average 3.37 93.43 3.97 2.97
3A 4.0 92.4 2.5 2.9
3B 4.0 92.5 2.5 2.9
3C 4.8 92.5 not tested 3.0

Average 4.27 92.47 2.50 2.93
4A 4.3 92.6 2.8 2.9
4B 4.3 93.6 2.8 2.9
4C 4.4 93.7 2.8 2.6

Average 4.33 93.30 2.80 2.80
5A 4.5 93.6 2.8 2.6
5B 4.5 93.7 2.8 2.6
5C 4.3 93.3 3.2 2.9

Average 4.43 93.53 2.93 2.70 -
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The coarse-graded mixture has ranges of 2.3 mm to 3.1 mm and average of 2.8 mm 

for 75 mm pills and 2.9 mm to 3.3 mm with an average 3.0 mm for the top lift 
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respectively.   The bottom lifts for both the fine-graded and coarse-graded mixtures were 

3.4 mm and 2.9 mm for 75 mm pills and 3.0 mm and 2.8 mm for the 115 mm pills 

respectively. 

0.0
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Figure 4.13. Asphalt pavement analyzer comparisons and HVS rut depths for the fine-

graded and coarse-graded mixture of the top lift. 

The APA rut depths for the fine-graded mixture has average of 3.7 mm and 3.5 mm 

for the 75 mm and 115 mm respectively whilst the coarse-graded mixture has average rut 

depths of 2.8 and 3.0 mm for the 75 and 115 mm.  

Examination of results indicated no significant differences for the 115 mm 

specimens but the 75 mm thick specimens, the coarse-graded mixtures seemed to have 

out performed the fine-graded mixture.  

Drakos (2002) concluded that the APA hose does not simulate the stress state in the 

field during rutting and may not distinguish well the field performance of fine-graded and 

coarse-graded SuperPaveTM mixtures 
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4.8 SuperPaveTM Servopac Gyratory Compaction Results 

The Superpave servopac gyratory results were used as rutting performance 

predictor using the “pass-failure” criteria developed at the University of Florida.   The 

gyratory shear slope against the initial vertical strain obtained by changing the gyratory 

angle from 1.25° to 2.5° could be used to evaluate mixtures rutting resistance. 
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Figure 4.14. Aaverage gyratory shear stress versus number of gyrations for bottom lift. 

Generally the gyratory shear stress of the fine-graded mixtures appears to be higher 

for both the top and bottom lifts.   The figures below show the average gyratory shear 

stress against the number of gyrations for the bottom and top lift. 

The magnitude of the gyratory shear stress in itself does not mean much in terms of 

the rutting potential.   It is not a fundamental property of a mixture and could therefore 

not be used to evaluate the rut resistance of neither fine-graded nor coarse-graded 

SuperPaveTM mixtures.  
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However the slope of the gyratory curve in the air voids range of 4% to7% in 

conjunction with the initial vertical strain obtained from the gyratory compactor can be 

used to screen out mixtures with a high rutting potential. 
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Figure 4.15. Average gyratory shear stress versus number of gyrations for the top lift. 

Figure 4.16 shows the gyratory shear slope for section 3-3C between air voids of 

4% to 7% of the top lift of the fine-graded mixture.   The slope of the plot of change in 

gyratory shear versus the change in air voids between 4% and 7% gives an indication of 

the mixtures rut resistances.   Values above 15 kPa have been shown to give good field 

rutting resistance (Darku 2003). 

The ability of a mixture to generate enough shearing response to resist straining 

after the gyration angle is changed from 1.25° to 2.5° has been shown to affect the rutting 

resistance of mixtures.   Figure 4.17 shows the plot of the gyratory shear versus the 

number gyrations during the change of the gyratory angle for calculating the strains. 
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Figure 4.16. Gyratory shear stress versus number of gyrations of the servopac compactor 

for section 3C fine-graded section. 
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Figure 4.17. Gyratory shear stress versus number of gyrations for 3-3C with a change of 

gyration angle from 1.25° to 2.5°. 
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Trucks 1,2 and 3 are coarse-graded mixtures, Trucks 4, 5, 6, 7 and 8 are fine-graded 

mixtures for the top lift.   Trucks 1, 2, 3 and 4 are fine-graded mixtures. 

Trucks 6, 7 and 8 are coarse-graded mixtures for the bottom lift.   Generally the  

fine-graded mixture have higher gyratory slopes but lower vertical strains whilst the 

coarse-graded mixtures showed lower slopes and marginally higher vertical strains.   The 

fine-graded mixtures could be described as brittle according Birgisson et al (2002)  

“Pass/Failure Criteria” for both top and bottom lifts.   Figure 4.18 shows the plots 

of the gyratory shear slope versus the initial failure strains of the top lift. 
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Figure 4.18. Gyratory slope and initial failure strain of the top lift fine-graded and   

coarse-graded mixtures 

According to Birgisson et al (2002) the fine-graded mixtures could be described as 

brittle whilst the coarse-graded mixtures could be described as low shear strength and of 

marginally brittle.   Both mixtures may rut when load but from different mechanisms. 

The coarse-graded mixtures may have rutted due their low gyratory shear strength. 



61 

 

0

5

10

15

20

25

30

1 1.2 1.4 1.6 1.8 2 2.2 2.4
Strain at Initial Minimum Shear(%)

G
yr

at
or

y 
Sh

ea
r S

lo
pe

(G
s/

Lo
g(

N
)

optimum plasticbrittle

 low      shear      strength

 
 
Figure 4.19. Pass/Fail criteria for evaluation of rut resistance. 

The gyratory slope ranged from 7.33 kpa to 13.4 kpa whilst the differential rut 

depth ranged from 13.5 mm 17.1 mm.   Figure 4.20 shows the relation between the 

gyratory slope and the differential rut depth for the coarse-graded mixture of the top lift 

with R2 of 0.91. 
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Figure 4.20. Differential rut depths versus gyratory slope of the coarse-graded mixture of 

the top lift. 
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Figure 4.21. Differential rut depths versus gyratory slope of the fine-graded mixtures of 

the top lift 

The rutting patterns of the fine-graded mixtures in relation to the slope of the 

gyratory shear stress and the vertical failure strains are not good.   The gyratory shear 

slope ranged from 16.79 kpa for sections 3A and 3B to 34.5 for lane 1 where there no 

was rutting study.   The differential rut depths recorded for the fine-graded sections 

ranged from 9.8 mm for section 2A to 16.9 mm for section 3C.   Figure 4.21 shows the 

relation between the slope and the differential rut depth of the fine-graded mixture.   The 

R2 obtained was 0.03 implying a very weak correlation. 

According to Darku (2003) mixtures outside the optimal zone of Figure 4.19 such 

as the fine-graded mixtures may show rutting and or cracking with load application early 

in-service.  

4.9 Evaluation of Gradation of HVS Track Mixture 

Figure 4.22 shows the gradation of the top lift gradation for both the fine-graded 

and coarse-graded mixtures. 
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Figure 4.22. Gradation of the fine-graded and coarse-graded plant mix mixtures of the top 

lift. 

Gradation is the most important parameter that affects the resistance of the mixtures 

to carry load.   Aggregate in a mixture may work together to resist deformation when 

they interact among themselves especially the coarse fractions.   Coarse fraction in a 

mixture is defined as the materials retained on the 1.18 mm sieve. 

Lambe and Whitman (1969) presented data to show that the maximum porosity of 

the loose dry soil in contact ranged from 45% to around 50%.   In this state, particles 

interaction is at the minimum and the resistance to deformation is also at the minimum. 

Asphalt concrete mixtures are in general loose soils particles glued together with 

asphalt binder and could be likened to soils in the way they pack.   Figures 4.23 and 4.24 

show the unit interaction plots of the fine-graded mixture. 
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Figure 4.23. Interaction unit check for lane 1 and section 2A of lane 2 of the fine-graded 

mixture top lift. 
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Figure 4.24. Interaction unit check for lanes 2 and 3 for the fine-graded mixture top lift. 

Analysis performed by the Materials Group at The University of Florida on the 

spacing characteristics of aggregates in contact showed aggregates particles interact as a 



65 

 

unit to resist loads if the relative proportion of one of the sieves size in two contiguous 

sieves is between 70 and 30%.   Figure 4.25 shows the porosity of the  

fine-graded mixtures for the range of particles between 4.75 mm and 1.18 mm for no 

interaction and interaction among the particles and their relation with the differential rut 

depth of fine-grade mixture. 
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Figure 4.25 Porosity of the fine-graded mixture for interaction and no interaction. 

Considering the no interaction for the size range 4.75 mm to 1.182 mm, the 

porosity calculated seems to relate the differential rut depth shown in Figure 4.25.   That 

is the higher the porosity the higher the differential rut depth.   Where interaction is 

considered, the unit interaction plot show that section 2C and 3A were the most out of 

tolerance (close 70%) meaning that the stress resisting interaction is less and hence 

higher susceptibility to differential rutting and higher rut depths.  
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Figure 4.26 Unit interaction plot for the coarse-graded mixture of the top lift. 

The coarse-graded mixtures show similar trend.   Figure 4.26 shows the unit 

interaction plot for the coarse-graded mixture for section 4A, 4B, 4C and 5A. 

The differential rut depth was 17.1 mm and 15.8 mm for sections 5A and 4C 

respectively.   Considering interaction for the two contiguous sieves of 2.36 mm and 1.18 

mm range, 5A was the most out tolerance followed by 4C.   Thus the relative potential of 

mixtures to rut could be predicted during design using the combination of porosity and 

unit interaction calculated for the coarse aggregate fractions in any mixture. 

4.10 Evaluation of SuperPaveTM Indirect Tensile Test Results 

The results of the SuperPaveTM IDT test included the resilient modulus, m-value, 

strength and dissipated creep strain energy.   These parameters were used to calculate the 

energy ratio (ER) of the mixtures evaluated. 
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The energy ratio is defined as the dissipated creep strain energy of the mixture 

divided by the minimum threshold dissipated creep strain energy to resist cracking.   A 

mixture with a low ER would a higher potential to top-down cracking. 

Table 4.6 shows the results of IDT test parameters for Truck 1-3 for the coarse-

graded mixtures and that of fine-graded sections represented by Trucks 4-8. 

Table 4.6. Indirect tensile test parameter versus servopac test parameters. 
 

Truck 
No ID m-value D1

St       

(Mpa)
MR      

(Gpa)
FE     

(kJ/m3)
DCSEHMA 

(kJ/m3)
Stress  
(psi) a

DCSEMIN 

(kJ/m3) ER Slope     kPa
Vertical   
strain

5 0.50394 5E-07 1.7 10.76 1.1 0.965706 150 5.05-E8 1.398391 0.69058
6 0.4523 4E-07 1.65 13.57667 0.8 0.699736 150 5.08E-8 0.742362 0.94258
5 0.40322 5E-07 2.05 11.68667 1.6 1.420201 150 4.9E-08 0.753077 1.88587
6 0.46745 4E-07 2.29 12.29333 2.7 2.48671 150 4.7E-08 0.859845 2.89204
5 0.46253 4E-07 2.14 11.38667 2 1.798905 150 4.8E-08 0.88444 2.03395
6 0.48567 6E-07 1.98 10.75 2.7 2.517656 150 4.9E-08 1.463776 1.71997
5 0.43949 4E-07 2.35 12.96667 2.1 1.88705 150 4.7E-08 0.790847 2.38611
6 0.41818 4E-07 2.31 12.54 1.6 1.387237 150 4.7E-08 0.699797 1.98234
5*
6 0.47109 4E-07 2.12 13.42333 1.8 1.63259 150 4.8E-08 0.904606 1.80475
5 0.4174 4E-07 2.13 11.62 1.5 1.304781 150 4.8E-08 0.64806 2.01336
6 0.44222 5E-07 2.32 13.04667 2.3 2.093725 150 4.7E-08 0.901537 2.3224
5 0.50499 5E-07 2.52 11.99 3.8 3.535179 150 4.6E-08 1.280389 2.76102
6 0.52377 4E-07 2.35 13.26667 2.8 2.591866 150 4.7E-08 1.208824 2.14412
5*
6 0.50059 5E-07 2.42 12.06333 4.3 4.057264 150 4.7E-08 1.237616 3.27829

6

1

2

7.3 1.4

13.2 1.4

7.8 1.4

7

8

3

4

5

16.8 1.25

24 1.15

17.7 1.1

13.9 1.1

34.5 1.2
 

 
The ER calculated ranged from 0.691 to 2.89 with an average of 1.69 for the 

coarse-graded mixture and from 1.8 to 3.28 with an average of 2.34 for the fine-graded 

mixture.   With exception of the specimen from Truck 1 the rest of the mixtures evaluated 

had ER greater than 1, the threshold below which mixtures are susceptible to top-down 

cracking.   Generally the fine-graded mixture appears to have higher ER than the coarse-

graded however statistically there are no significant differences in the means of the ER 

and the failure strains.   The relationship between ER of the mixtures and the gyratory 
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shear slope of both mixtures was found to be fair with R2 of 0.5049 as shown in Figure 

4.23. 
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Figure 4.27. Relationship between gyratory shear slope and the energy ratio of both the 

fine-graded and coarse-graded mixtures. 

4.11 Further Evaluation of the Fine-Graded Mixture 

Further evaluation of the differential rut depth was done to compare the fine-graded 

mixture to coarse-graded mixture after eliminating sections 3C and 5A.   Sections 3C and 

5A recorded the highest differential rut depth after running the HVS.   Section 3C and 5A 

recorded 16.9 mm and 17.1 mm differential rut depths respectively.   The relatively high 

rut depths of these two sections could be attributed to the higher coarse-fraction porosity 

or the marginal interacting unit checks as shown in Figures 4.24 and 4.25.   Figure 4.28 

shows the differential rut depth for the fine-graded and coarse-graded mixtures with the 

exclusion of sections 3C and 5A.   The average differential rut depths of the fine-graded 

and coarse-graded mixtures are 11.3 mm and 13.22 mm, respectively. 
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Figure 4.28. Comparison of fine-graded and coarse-graded differential rut depths. 

Comparing the difference between the mean rut depths of the fine-graded mixture 

and the coarse-graded, we realized that statistically there was no significant difference in 

the mean differential rut depth at 95% confidence level. 

4.12 Comparison of the Fine-graded Mixture of HVS Round 1 to HVS Round 3 

Research conducted at the FDOT Materials Office in Gainesville in 2002 compared 

the rutting resistance of fine-graded SuperPaveTM mixtures with and without SBS 

polymer modified binder and the conclusion drawn was that, the SBS modified mixture 

out-performed the mixture without SBS polymer modified binder. 

In our analysis we compared the rutting resistance of the fine-graded mixture to the 

fine-graded unmodified mixture in “HVS Round 1” using the differential rut depths at 

50000 passes of the test wheel.   The HVS running modes and the temperatures of testing 

were the same in the two projects.   The type of aggregates used for both projects were 

different.   “HVS Round 1” was constructed with limestone from south Florida whilst  
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“HVS Round 3” was constructed with granite from Georgia.   Figure 4.29 and 4.30 shows 

the gradation of the Job mix formula and the differential rut profiles for both fine-graded 

mixtures. 
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Figure 4.29. Job mix formula HVS Round 1 and HVS Round 3 for the fine-graded 

mixtures. 
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Figure 4.30. Differential rut depth of the fine-graded mixture HVS Round 1 and HVS 

Round 3  



71 

 

The effective asphalt content of the JMF for “HVS Round 1” was 4.9% and that of 

HVS Round 3 was 4.5%.   

Differential rut depth recorded in HVS Round 1 (lanes 4 and 5) appears to be 

higher than that HVS Round 3 (lanes 2 and 3) at 50000 passes.   HVS Round 1 recorded a 

minimum of 13.2 mm and a maximum 19.5 mm with an average of 15.8 mm whilst HVS 

Round 3 recorded a minimum and a maximum of 8.9 mm and 14.9 respectively with an 

average of 11.3 mm. 

Gradation of the two mixtures are different and is the parameter with significant 

influence on mixture or pavement rutting performance that could have contributed to the 

differences in rutting performance between HVS Round 1 and HVS Round 3.   Analysis 

of the gradations using the interacting unit check and the porosity of the coarse 

aggregate-fraction (12.5 mm to 1.18mm) were done to see if any differences exist for the 

two mixtures.   Figures 4.31 and 4.32 show the interacting unit check and porosity plots 

of the gradations of the JMF of the two mixtures as well as lanes 4 and 5 of “HVS Round 

1”.   The interacting unit check indicates that aggregate size-range 4.75 mm to 1.18 mm 

are acting together to resist stresses within the two mixtures.   In both cases, there is a 

break in interaction at 9.5 mm to 4.75 mm.   “HVS Round 1 mixtures (JMF and lanes 4 

and 5) aggregates-size ranging from 12.5 mm to 9.5 mm are floating in the mixture and 

do not contribute shearing stress resistance of the mixture. 

For the interaction at 2.36 mm to 1.18 mm HVS Round 1 mixtures are closer to the 

tolerance limits and has higher porosities at all interaction ranges than HVS Round 3 

mixture which makes it more susceptible to rutting.   It is clear from the above analyses 
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that HVS Round 3fine-graded mixture has better rutting resistance than HVS Round 1 

unmodified fine-graded mixture. 
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Figure 4.31. Interacting unit check for “JMF” “HVS Round 1 and 3” and lanes 4 and 5. 
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Figure 4.32. Porosity of job mix formula for “HVS Round 1” and “HVS Round 3”     

fine-graded mixture. 
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4.13 Condition Survey Results 

The condition survey undertaken on all the 12 sections showed no visible tire 

imprints, raveling or cracking except section 3B where two longitudinal cracks of width 

of about 0.5mm and length 4 – 5 inches have appeared.   Figure 4.33 shows one of such 

cracks. 

 
 
Figure 4.33. Longitudinal crack on section 3B 

When cores were taken, it was realized that the crack was induced by a strain gage 

inserted between the bottom lift and the top lift for strain measurement.   It was also 

realized that the strain gages in the locations of cracks were nearer to the surface of the 

top lift.   The mixture seemed loose around the gages suggesting some amount of 

segregation had occurred during the laying process.   Segregation of the mixture could be 

observed on the sides of the cores taken at the section at about 1 inch to 2 inches of the 

top lift.   The mixture had also stripped slightly and the fines pumped to the surface as 

shown in Figure 4.33.   Figure 4.34 shows the core with the strain-gage induced crack at 
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the top and mix segregation around the strain gage as well as the joint between the top lift 

and the bottom lift.  

 
 
Figure 4.34. Strain gage induced crack on the top lift of section 3-3B fine-graded 

mixture. 
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CHAPTER 5 
CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclusion 

Analysis of the results of both the average differential and absolute rut depth 

measurement show that the difference in the mean rut depths of the coarse-graded and 

fine-graded mixture was statistically insignificant. 

From the limited data collected, we can not conclude that the SuperPaveTM  

Coarse-graded mixture is either better or worse than the SuperPaveTM fine-graded 

mixture. 

When the transverse profiles were evaluated, the Area Change Parameter results 

show that both the fine-graded and coarse-graded mixture exhibited primarily instability 

rutting.   The shape of the transverse profile at 100 passes of the HVS wheel shows that 

the instability rutting of both mixtures developed relatively early in the service life of the 

pavements. 

Based on the limited Servopac test results, the plots of the gyratory shear slope 

versus the initial vertical failure strain for the fine-graded and coarse-graded mixture 

show that they were both “brittle”.   The fine-graded mixture however had relatively 

higher gyratory shear strength and lower strain potential than the coarse-graded mixture. 

Examination of the test results of the viscosities of the recovered asphalt from the 

cores were very close to another and that its effect on mixture rutting could not be 

effectively evaluated 
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Previous conclusions based on the Interacting Unit Check and their Porosity effects 

on mixture performances were verified in this study.   The usefulness of the gradation 

guideless in explaining differences in pavements and mixtures performance could be used 

for the evaluation of mixtures during mix design. 

Results of the APA test data did not show any clear differences between the 

Fine-graded and coarse graded mixtures and also between APA rut depth and HVS rut 

depths. 

Results of the IDT test parameters show no statistical significant difference 

between the fine-graded and the coarse graded mixtures top-down cracking potential. 

The fine-graded mixture used in this study appears to have a better rutting 

resistance than an unmodified fine-graded mixture used in a previous study. 

5.2 Recommendation 

There is need to do more evaluation of the coarse-graded and fine-graded mixtures, 

so that a larger statistical would be available for evaluation of the effects of aggregate 

gradation on rutting resistance. 

Evaluation of different grades of asphalt using the same aggregates source and 

gradation should be investigated for the evaluation of instability rutting.   Hard grades of 

asphalts processed in such as to control the effects of ageing for cracking control are on 

the market and provide an alternative for control of instability rutting whilst maintaining 

its ductility. 
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APPENDIX A 
MIX DESIGNS 

Address
 

  
Fax No. E-mail

 
  

Type Mix
 

 
D 100

 
F.D.O.T.
CODE PIT NO.

TM-561
1. 43 GA-553

TM-561
2. GA-553

TM-561
3. GA-553

Starvation
4. Hill

5.

6.

29% 35% 28% 8% JOB MIX
1 2 3 4 5 6 FORMULA

3/4"      19.0mm 100 100 100 100 100  100     

E 1/2"      12.5mm 94 100 100 100 98 90 - 100    

Z 3/8"        9.5mm 66 100 100 100 90  - 90    

I No. 4    4.75mm 18 37 98 100 54       

S No. 8    2.36mm 6 7 71 100 32 28 - 58 39.1 - 39.1
No. 16  1.18mm 3 3 45 100 23    25.6 - 31.6

E No. 30    600µm 3 2 30 93 17    19.1 - 23.1

V No. 50    300µm 2 2 20 49 11       

E No. 100  150µm 2 1 12 10 5       

I No. 200    75µm 1.5 1.0 7.6 3.6 4.5 2 - 10    

S GSB 2.809 2.799 2.770 2.626 2.779

LD 04-2543A (TL-D)

Structural

The mix properties of the Job Mix Formula have been conditionally verified, pending successful final verification during production at the assigned plant, the 
mix design is approved subject to F.D.O.T. specifications.

Local Sand

20

12 / 22 / 2004

12 / 22 / 2004Junction City Mining, L.L.C.

12 / 22 / 2004Junction City Mining, L.L.C.

51

Howie Moseley SP-12.5 Intended Use of Mix

Thomas O. Malerk
Original document retained at the State Materials Office

No. 200 reflects aggregate changes expected during production.

Director, State Materials Office

STATE OF FLORIDA DEPARTMENT OF TRANSPORTATION
STATEMENT OF SOURCE OF MATERIALS AND JOB MIX FORMULA FOR BITUMINOUS CONCRETE

SUBMIT TO THE STATE MATERIALS ENGINEER, CENTRAL BITUMINOUS LABORATORY, 5007 NORTHEAST 39TH AVENUE, GAINESVILLE, FLA. 32609

Contractor V. E. Whitehurst & Sons 2230 N. W. 73rd Place, Gainesville, FL  32653

Phone No.

Design Traffic Level

Submitted By

Gyrations @ N des

(352) 573-3816 (352) 373-3314

Coarse

TYPE MATERIAL PRODUCER DATE SAMPLED

PERCENTAGE BY WEIGHT TOTAL AGGREGATE PASSING SIEVES

#78 Stone

#89 Stone

W-10 Screenings

PG 67-22

12 / 22 / 2004

Blend 
Number

CONTROL
POINTS

RESTRICTED
ZONE

Junction City Mining, L.L.C.

V.E. Whitehurst & Sons

 
 
A-1 Gradation and sources of aggregate for the coarse mixture 
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Va VMA VFA %Gmm @ Nmax

4.0 14.6 73 97.2

3.7 14.6 75 97.5

3.2 14.5 78 98.0

   

   

   

   

4.5 % 46 % °F 154 °C

155.1 Lbs/Ft3 2485 Kg/m3 96.0 °F 154 °C

14.6 % -0.23 Additives % %
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1.0
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4.8

310

 

2.589

2.583

2.577

Gmb @ Ndes P0.075 / PbePb Gmm

 

 

Pbe

4.5

4.7

1.04.4

HOT MIX DESIGN DATA SHEET

LD 04-2543A (TL-D)

NCAT Oven
Calibration Factor

VMA

Total Binder Content FAA

%Gmm @ Nini

 

 

Compaction Temperature 310
Ar-Maz AdHere LOF 65-00 (M-0014)

%Gmm @ NdesLab. Density

(+To Be Added)/(-To Be Subtracted) 

Mixing Temperature 
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A-2. Hot mix design data sheet for coarse-graded mixture 
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Address
 

  
Fax No. E-mail

 
  

Type Mix
 

 
D 100

 
F.D.O.T.
CODE PIT NO.

TM-561
1. 43 GA-553

TM-561
2. GA-553

TM-561
3. GA-553

Starvation
4. Hill

5.

6.

28% 12% 50% 10% JOB MIX
1 2 3 4 5 6 FORMULA

3/4"      19.0mm 100 100 100 100 100  100     

E 1/2"      12.5mm 94 100 100 100 98 90 - 100    

Z 3/8"        9.5mm 66 100 100 100 90  - 90    

I No. 4    4.75mm 18 37 98 100 68       

S No. 8    2.36mm 6 7 71 100 48 28 - 58 39.1 - 39.1
No. 16  1.18mm 3 3 45 100 34    25.6 - 31.6

E No. 30    600µm 3 2 30 93 25    19.1 - 23.1

V No. 50    300µm 2 2 20 49 16       

E No. 100  150µm 2 1 12 10 8       

I No. 200    75µm 1.5 1.0 7.6 3.6 4.9 2 - 10    

S GSB 2.809 2.799 2.770 2.626 2.769

LD 04-2544A (TL-D)

RESTRICTED
ZONE

Junction City Mining, L.L.C.

V.E. Whitehurst & Sons

Blend 
Number

CONTROL
POINTS

TYPE MATERIAL PRODUCER DATE SAMPLED

PERCENTAGE BY WEIGHT TOTAL AGGREGATE PASSING SIEVES

#78 Stone

#89 Stone

W-10 Screenings

PG 67-22

12 / 22 / 2004

Phone No.

Design Traffic Level

Submitted By

Gyrations @ N des

(352) 573-3816 (352) 373-3314

Fine

STATE OF FLORIDA DEPARTMENT OF TRANSPORTATION
STATEMENT OF SOURCE OF MATERIALS AND JOB MIX FORMULA FOR BITUMINOUS CONCRETE

SUBMIT TO THE STATE MATERIALS ENGINEER, CENTRAL BITUMINOUS LABORATORY, 5007 NORTHEAST 39TH AVENUE, GAINESVILLE, FLA. 32609

Contractor V. E. Whitehurst & Sons 2230 N. W. 73rd Place, Gainesville, FL  32653

Thomas O. Malerk
Original document retained at the State Materials Office

No. 200 reflects aggregate changes expected during production.

Director, State Materials Office

Howie Moseley SP-12.5 Intended Use of Mix

20

12 / 22 / 2004

12 / 22 / 2004Junction City Mining, L.L.C.

12 / 22 / 2004Junction City Mining, L.L.C.

51

Structural

The mix properties of the Job Mix Formula have been conditionally verified, pending successful final verification during production at the assigned plant, the 
mix design is approved subject to F.D.O.T. specifications.

Local Sand

 
 
A-3. Gradation and sources of aggregate for the fine-graded mixture  
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Va VMA VFA %Gmm @ Nmax

4.2 14.7 71 97.2

4.0 14.7 73 97.0

   

   

   

   

   

4.6 % 46 % °F 154 °C

154.4 Lbs/Ft3 2475 Kg/m3 96.0 °F 154 °C

14.7 % -0.28 Additives % %
  
  
  

%Gmm @ NdesLab. Density

(+To Be Added)/(-To Be Subtracted) 

Mixing Temperature 

 

Antistrip 0.75

 

 

Compaction Temperature 310
Ar-Maz AdHere LOF 65-00 (M-0014)

HOT MIX DESIGN DATA SHEET

LD 04-2544A (TL-D)

NCAT Oven
Calibration Factor

VMA

Total Binder Content FAA

%Gmm @ Nini

 

 

Pbe

4.5

 

1.14.4

P0.075 / PbePb GmmGmb @ Ndes

310

 

2.583

2.579
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88.4

88.61.1
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A-4. Hot mix data sheet for the fine-graded mixture 
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APPENDIX B 
RECOVERED VISCOSITIES 

VISCOSITY OF RECOVERED ASPHALT SECTION: 3A LIFT:BOTTOM
MIXTURE TYPE:FINE SPECIMEN ID: A

SPEED TORQUE SHEAR STRESS SHEAR RATE TEMPERATURE
RPM % D/cm2 SEC-1 °C

1275000 1.2 15.3 5712 0.71 60.2
1188095 4.2 49.9 16966 2.14 60.2
1132307 6.5 73.6 25024 3.6 60.2
1164285 4.2 48.9 16626 2.14 60.2
1233333 1.2 14.8 5032 0.71 60.2

AVERAGE 1198604

VISCOSITY OF RECOVERED ASPHALT SECTION: 3A LIFT:BOTTOM
MIXTURE TYPE:FINE SPECIMEN ID: A3

SPEED TORQUE SHEAR STRESS SHEAR RATE TEMPERATURE
RPM % D/cm2 SEC-1 °C

800000 2.1 16.8 5202 0.4 60.2
752380 6.3 47.4 16116 1.43 60.2
715094 10.6 75.8 25772 2.21 60.2
738095 6.3 46.6 15810 1.43 60.2
785714 2.1 16.5 5610 0.41 60.2

AVERAGE 758256.6

VISCOSITY OF RECOVERED ASPHALT SECTION: 3A LIFT:BOTTOM
MIXTURE TYPE:FINE SPECIMEN ID: B

SPEED TORQUE SHEAR STRESS SHEAR RATE TEMPERATURE
RPM % D/cm2 SEC-1 °C

2228571 0.7 15.6 5304 0.21 60.2
1983333 3 59.5 20230 1.02 60.2
1866666 3.6 67.2 22848 1.22 60.2
1866666 3 56 19040 1.02 60.2
1985714 0.7 13.9 4726 0.24 60.2

AVERAGE 1986190

Cp

VISCOSITY
Cp

VISCOSITY
Cp

VISCOSITY

 
B-1. Viscosity of recovered asphalt section 3A bottom lift 
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VISCOSITY OF RECOVERED ASPHALT SECTION: 3B LIFT:TOP
MIXTURE TYPE:FINE SPECIMEN ID: I

SPEED TORQUE SHEAR STRESS SHEAR RATE TEMPERATURE
RPM % D/cm2 SEC-1 °C

2883333 0.6 17.3 5882 0.2 60.2
2727778 1.8 49.1 16694 0.61 60.2
2541935 3.1 78.8 26792 1.05 60.2
2622222 1.8 47.2 16048 0.61 60.2
2783333 0.6 16.7 5678 0.2 60.2

AVERAGE 2711720.2

VISCOSITY OF RECOVERED ASPHALT SECTION: 3B LIFT:TOP
MIXTURE TYPE:FINE SPECIMEN ID: I3

SPEED TORQUE SHEAR STRESS SHEAR RATE TEMPERATURE
RPM % D/cm2 SEC-1 °C

2750000 0.6 16.5 5610 0.2 60.2
2500000 2.1 52.5 17850 0.7 60.2
2375758 3.3 78.4 26656 1.12 60.2
2404762 2.1 50.5 17170 0.71 60.2
2600000 0.6 15.6 5304 0.2 60.2

AVERAGE 2526104

VISCOSITY OF RECOVERED ASPHALT SECTION: 3B LIFT:TOP
MIXTURE TYPE:FINE SPECIMEN ID:J

SPEED TORQUE SHEAR STRESS SHEAR RATE TEMPERATURE
RPM % D/cm2 SEC-1 °C

3260000 0.5 16.3 5542 0.17 60.2
2870588 1.7 48.8 16592 0.58 60.2
2765517 2.9 80.2 27268 0.99 60.2
2805882 1.7 47.7 16218 0.58 60.2
3100000 0.5 15.5 5270 0.17 60.2

AVERAGE 2960397.4

cP

VISCOSITY
Cp

VISCOSITY
cP

VISCOSITY

 
 
B-2. Viscosity of recovered asphalt section 3B top lift 
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VISCOSITY OF RECOVERED ASPHALT SECTION: 3C LIFT:TOP
MIXTURE TYPE:FINE SPECIMEN ID: E

SPEED TORQUE SHEAR STRESS SHEAR RATE TEMPERATURE
RPM % D/cm2 SEC-1 °C

4500000 0.5 22.5 7650 0.17 60.1
4166667 1.2 50 17000 0.41 60.2
3915000 2 78.3 26622 0.68 60.2
4008333 1.2 48.1 16354 0.41 60.1
4220000 0.5 21.1 7174 0.17 60.2

AVERAGE 4162000

VISCOSITY OF RECOVERED ASPHALT SECTION: 3C LIFT:TOP
MIXTURE TYPE:FINE SPECIMEN ID: E3

SPEED TORQUE SHEAR STRESS SHEAR RATE TEMPERATURE
RPM % D/cm2 SEC-1 °C

4900000 0.3 14.7 4998 0.1 60.2
4433333 1.2 53.2 18088 0.41 60.2
4210000 2.2 84.2 28628 0.68 60.2
4375000 1.2 52.5 17850 0.41 60.2
4800000 0.3 14.4 4896 0.1 60.2

AVERAGE 4543666.6

VISCOSITY OF RECOVERED ASPHALT SECTION: 3C LIFT:TOP
MIXTURE TYPE:FINE SPECIMEN ID: F

SPEED TORQUE SHEAR STRESS SHEAR RATE TEMPERATURE
RPM % D/cm2 SEC-1 °C

3260000 0.5 16.3 5542 0.17 60.2
2870588 1.7 48.8 16592 0.58 60.2
2765517 2.9 80.2 27268 0.99 60.2
2805882 1.7 47.7 16218 0.58 60.2
3100000 0.5 15.5 5270 0.17 60.2

AVERAGE 2960397.4

cP

VISCOSITY
Cp

VISCOSITY
cP

VISCOSITY

 
 
B-3. Viscosity of recovered asphalt section 3C top lift 
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VISCOSITY OF RECOVERED ASPHALT SECTION: 5B LIFT:TOP
MIXTURE TYPE:COARSE SPECIMEN ID:K

SPEED TORQUE SHEAR STRESS SHEAR RATE TEMPERATURE
RPM % D/cm2 SEC-1 °C

3060000 0.5 15.3 5202 0.17 60.2
2818750 1.6 45.1 15334 0.54 60.2
2680769 2.6 69.7 23698 0.88 60.2
2800000 1.6 44.8 15232 0.54 60.2
2980000 0.5 14.9 5066 0.17 60.2

AVERAGE 2867903.8

VISCOSITY OF RECOVERED ASPHALT SECTION:5B LIFT:TOP
MIXTURE TYPE:COARSE SPECIMEN ID: K3

SPEED TORQUE SHEAR STRESS SHEAR RATE TEMPERATURE
RPM % D/cm2 SEC-1 °C

2700000 0.6 16.2 5508 0.2 60.2
2479167 2.4 59.5 20230 0.82 60.2
2400000 3.4 81.6 27744 1.16 60.2
2462500 2.4 59.1 20094 0.82 60.2
2716667 0.6 16.3 5542 0.2 60.2

AVERAGE 2551666.8

VISCOSITY OF RECOVERED ASPHALT SECTION:5B LIFT:TOP
MIXTURE TYPE:COARSE SPECIMEN ID:L

SPEED TORQUE SHEAR STRESS SHEAR RATE TEMPERATURE
RPM % D/cm2 SEC-1 °C

2716667 0.6 16.3 5542 0.2 60.2
2519048 2.1 52.9 17986 0.71 60.2
2402941 3.4 81.7 27778 1.16 60.2
2461905 2.1 51.7 17578 0.71 60.2
2633333 0.6 15.8 5372 0.2 60.2

AVERAGE

cP

VISCOSITY
Cp

VISCOSITY
cP

VISCOSITY

 
 
B-4. Viscosity of recovered asphalt section 5B top lift 
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VISCOSITY OF RECOVERED ASPHALT SECTION: 5A LIFT:TOP
MIXTURE TYPE:COARSE SPECIMEN ID:H

SPEED TORQUE SHEAR STRESS SHEAR RATE TEMPERATURE
RPM % D/cm2 SEC-1 °C

725000 2.0 14.5 4930 0.68 60.2
651429 7.0 45.6 15504 2.38 60.2
602308 13.0 78.3 26622 4.42 60.2
620000 7.0 43.4 14756 2.38 60.2
680000 2.0 13.6 4624 0.68 60.2

AVERAGE 655747.4

VISCOSITY OF RECOVERED ASPHALT SECTION:5A LIFT:TOP
MIXTURE TYPE:COARSE SPECIMEN ID: G3

SPEED TORQUE SHEAR STRESS SHEAR RATE TEMPERATURE
RPM % D/cm2 SEC-1 °C

3080000 0.5 15.4 5236 0.17 60.2
2850000 1.6 45.6 15504 0.54 60.2
2703448 2.9 78.4 26656 0.99 60.2
2843750 1.6 45.5 15470 0.54 60.2
3060000 0.5 15.3 5202 0.17 60.2

AVERAGE 2907439.6

VISCOSITY
Cp

VISCOSITY
cP

 
 
B-5. Viscosity of recovered asphalt section 5A top lift 
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VISCOSITY OF RECOVERED ASPHALT SECTION:5C LIFT:BOTTOM
MIXTURE TYPE:COARSE SPECIMEN ID:C3
VISCOSITY SPEED TORQUE SHEAR STRESS SHEAR RATE TEMPERATURE

cP RPM % D/cm2 SEC-1 °C
1454545 1.1 16 5440 0.37 60.3
1322857 3.5 46.3 15742 1.19 60.2
1252727 5.5 68.9 23426 1.87 60.3
1254285 3.5 4.9 14926 1.19 60.2
1381818 1.1 15.2 5168 0.37 60.2

AVERAGE 1333246.4

VISCOSITY OF RECOVERED ASPHALT SECTION:5C LIFT:BOTTOM
MIXTURE TYPE:COARSE SPECIMEN ID:D1

SPEED TORQUE SHEAR STRESS SHEAR RATE TEMPERATURE
RPM % D/cm2 SEC-1 °C

1266666 1.2 15.2 5168 0.41 60.3
1167500 4 46.7 15878 1.36 60.2
1081428 7 75.7 25738 2.38 60.3
1125000 4 45 15300 1.36 60.3
1200000 1.2 14.4 4896 0.41 60.2

AVERAGE

cP
VISCOSITY

 
 
B-6. Viscosity of recovered asphalt section 5C bottom lift 
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APPENDIX C 
AREA CHANGE PARAMETER 

 
 
C-1. Area-change parameter section 2A 
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C-2. Area-change parameter section 2B 
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C-3. Area-change parameter section 2C 
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C-4. Area-change parameter section 3A 
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C-5. Area-change parameter section 3B 
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C-6. Area-change parameter section 3C 
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C-7. Area-change parameter section 4A 
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C-8. Area-change parameter section 4B 
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C-9. Area-change parameter section 4C 
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C-10. Area-change parameter section 5A 
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C-11. Area-change parameter section 5B 

 
 



 

 

98

 
 
C-12. Area-change parameter section 5C 
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