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Abstract: 

 

 Thermal induced cracking of asphalt mixtures is currently recognized as one of the primary 

distresses of asphalt pavements in cold climate regions.  Thermal cracking is caused by cold temperatures, 

which results in the asphalt mixture becoming brittle and less capable of tolerating and relaxing thermally 

induced stresses.  The contraction of the asphalt pavement due to decreasing temperature combined with 

the underlying base restraining any movement causes stress build up in the pavement until the ultimate 

strength is reached of the asphalt mixture, which leads to thermal crack formation.  Although there are 

many proven asphalt modification methods to improve the asphalt performance at high service 

temperatures, oil modification is one of few methods that can address the low temperature distresses.  

Although the use of oil modifiers is common in today’s asphalt industry, oil modification’s effects to the 

aging mechanisms of the asphalt is relatively unknown.  This study focuses on determining the 

implications on the aging process when using oil modifiers in asphalt binder and asphalt mastic phases.   

In this thesis three different oils (paraffinic, refined waste, and bio oil) were evaluated for their effects to 

the aging mechanisms in comparison with the unmodified base binder.  The characterization of these 

materials was conducted by two approaches including: a.) Superpave linear viscoelastic approach using 

the Bending Beam Rheometer (BBR) and b.) Fracture mechanics approach using the Single Edge 

Notched Beam (SENB) test.  In order to capture the effects of aging, the relative changes in performance 

were monitored through three stages of aging that aim to simulate the asphalt binder at different times 

within a pavement’s service life.  The aging behavior of oil modified binders was also captured in the 

mastic phase, which is a more representative state of the continuous phase in an asphalt pavement in 

comparison to just the binder phase. 

Results indicate that the oil modification significantly effects the binder phase, but does not significantly 

affect the mastic phase.  Binder results indicate the overall aging resistance of asphalt binder is slightly 

improved with oil modification and the time that aging occurs within the aging cycle is significantly 

altered in comparison with the unmodified binder.  However, the refined waste oil in higher 

concentrations demonstrated detrimental effects to the aging characteristics of the binder.  Mastic 

performance results showed little correlation with the binder performance indicating that the filler is a 

dominating factor.  However, the mineral filler type (granite vs limestone) noticeably influenced the 

resulting performance of the mastics.  Overall, this study concludes that oil modification can significantly 

alter the aging mechanisms of the binder, however these changes in binder performance do not correlate 

well to performance in the mixture phase.    
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1 Introduction: 

1.1 Background and Motivation 
Low temperature cracking is one of the main distresses of asphalt mixtures, especially in cold climate 

regions.  Lowering temperatures increases the stiffness of binder, which makes the pavement more brittle 

and less capable of tolerating and relaxing thermally induced stresses.  This behavior will lead to stress 

buildup until the ultimate strength of the asphalt mixture is reached, which is when pavement fracture 

occurs.  Pavement fracture is detrimental to a roadway as not only is ride quality suffered, but these 

cracks allow water into the underlying layers causing damage, which can significantly reduce the usable 

life of a pavement.   

Binder modification has been used extensively within the asphalt industry in order to improve asphalt 

mixture performance.  However, the mechanisms leading toward thermal cracking are not fully 

understood and therefore there are few modifiers that have proven to significantly improve the low 

temperature performance.  Oil modification is one of the few methods that has already proven to enhance 

low temperature properties of asphalt.  Oil modification involves adding oils of typically lower viscosities 

to “soften” the binder in order for it to become less brittle and have higher relaxation tendencies at lower 

temperatures.  Previous research has investigated many different types of oils from highly variable 

sources including biological, crude, and waste oil to name a few [1, 2, 3, 4, 5].  These oils have shown 

highly variable performance depending on the source and type of oil.  The practice of oil modification is 

already widely used in the asphalt industry, however the effects of oil modification on the performance of 

asphalt mixtures and its fundamental mechanisms are still relatively unknown.   

Although oil modifiers have demonstrated the ability to improve the low temperature performance of 

asphalt binder with respect to the Superpave grading system, previous research has indicated that oil 

modification can effect the aging characteristics of the asphalt mixtures [4, 6].  It is essential to 

understand the interaction between oil modifiers and asphalt, especially as Superpave performance 

indicators may not fully capture all the relative changes in material behavior with the addition of oil 

modifiers.  This is especially important when considering a pavement’s life cycle cost, as a highly aging 

susceptible asphalt can drastically shorten a pavement’s effective life.   

Changes in the crude refining technology is also resulting in a higher demand for asphalt modifiers to 

improve low temperature performance.  Improved refining processes are allowing more of the lighter 

fractions of the asphalt to be extracted from the crude, which typically results in less low temperature 

performance.  These changes are creating a need within the asphalt industry for low temperature 

modifiers and this need will only increase as the refining technology further improves.  Therefore, it is 



 

essential to further understand the mechanisms by which modifiers such as oils improve low temperature 

performance.   

 

1.2 Problem Statement 

There is a clear need for low temperature based asphalt modifiers in the industry and one of the best 

current candidates involves the use of oil modification.  Oil modification can significantly improve the 

low temperature Performance Grade (PG), which is currently determined based on linear viscoelastic 

properties obtained from the Bending Beam Rheometer (BBR).  However, oil modification has shown to 

alter the aging mechanisms through previous research, therefore it is essential to further understand these 

mechanisms to see how the oil modification process changes the aging characteristics throughout the 

lifetime of the pavement with respect to conventional asphalt binder.  This study investigates changes in 

the asphalt binder aging characteristics caused by the use of oil modifiers in order to get a better 

understanding of how the oil is interacting with the asphalt binder.   

1.3 Hypothesis 

It is hypothesized that the introduction of oil modifiers significantly alters the aging mechanisms of 

the asphalt binder and asphalt mastic, which causes higher aging susceptibility in comparison with 

unmodified asphalt binder.   

1.4 Research Objectives 

The overall objective of this study is to determine the effects of oil modification on aging 

characteristics of asphalt binders and asphalt mastics.  This will be conducted by analyzing the effects of 

oil modification with respect to linear viscoelastic and fracture properties of binders and asphalt mastics.  

The specific objectives are as follows:   

1. Determine the effect of oil modification on the traditional Superpave low temperature parameters 

of asphalt binder by using the Bending Beam Rheometer (BBR) to quantify stiffness and 

relaxation properties at various aging levels.   

2. Determine the effect of oil modification on the low temperature fracture properties of asphalt 

binder by using the Single Edge Notched Beam (SENB) test to quantify fracture properties at 

various aging levels. 

3. Investigate how the presence of filler particles effect the aging mechanisms of both oil modified 

and unmodified asphalt binders.  



 

1.5 Thesis Outline 

Chapter 1: Introduction- This chapter gives background and motivation for research involving the 

evaluation of aging susceptibilities for oil modified binders.  An approach to research in this area is also 

described by the problem statement, hypothesis, research objectives, and thesis outline. 

Chapter 2: Literature Review- This chapter gives an overview of previous research conducted within 

low temperature characterization methods, aging mechanisms of asphalt materials, and an overview of 

how oil modifiers effect the asphalt material.   

Chapter 3: Materials and Methods- This chapter covers the details of the materials used for testing and 

the testing approaches.  The primary materials include a Flint Hills PG 64-22 binder, three different oil 

modifier types (paraffinic, refined waste, and bio oil), and two filler sources (granite and limestone).  The 

testing approaches include both the linear viscoelastic (Bending Beam Rheometer) and the fracture 

mechanics approach (Single Edge Notched Beam). 

Chapter 4: Aging Behavior of Oil Modified Asphalt Binder- This chapter demonstrates the effects that 

oil modifiers have on both the linear viscoelastic and fracture properties of asphalt binders.  Oil 

modification is shown to typically improve the overall aging resistance dependent upon oil type and 

concentration.   

Chapter 5: Aging Behavior of Oil Modified Asphalt Mastics- This chapter demonstrates the effects 

that oil modifiers have on both the linear viscoelastic and fracture properties of asphalt mastics.  Filler 

type and aging type is shown to have a significant effect on the overall mastic properties more so than oil 

type and concentration. 

Chapter 6: Conclusions and Recommendations- Results indicate that the oil modification significantly 

effects the binder phase, but does not significantly effect the mastic phase.  Binder results indicate the 

overall aging resistance of the binder is typically slightly improved with oil modification and the time that 

aging occurs within the aging range is significantly altered in comparison with the unmodified binder.  

However, the refined waste oil in higher concentrations demonstrated to detrimentally effect the aging 

characteristics of the binder.  Mastic performance results showed little correlation with the binder 

performance, indicating that the filler is the controlling factor.  However, the aggregate type and aging 

type had a significant effect on the resulting performance of the mastics.   

  



 

 

2 Literature Review 

2.1 Low Temperature Performance Characterization: 

Thermal cracking is currently one of the most detrimental distresses seen in the pavement industry, 

especially in winter seasons of colder climate regions.  Low temperature cracking, also known as thermal 

cracking, is caused by the buildup of stresses due to contraction of the asphalt mixture caused by 

temperature decrease.  Due to the linear orientation of roadways and the underlying base restraining any 

movement, the asphalt pavement is restricted to move in the direction parallel to the centerline unless 

cracks or joints are present.  This typically results in parallel surface-initiated cracks primarily 

perpendicular to the centerline [7].  Cracking is an important factor to consider, as this allows for water to 

infiltrate the pavement, deteriorating the integrity of the structure beneath the pavement, along with 

causing issues with ride quality and safety [8].   

  A viscoelastic material, such as asphalt, has the ability to relax internal stresses, which will 

inherently reduce the susceptibility to cracking.  Due to the time dependent nature of viscoelastic 

materials the higher the ability to relax stresses the lower the stress buildup, which will lead to better 

performance at low temperatures.  With this in mind, it is essential to understand this phenomenon when 

addressing low temperature asphalt performance.  

2.1.1 Superpave Approach: 

The current Superpave asphalt design procedure relies on rheological performance indicators as 

well as the time-temperature superposition principles (TTS) for asphalt binder characterization.  Low 

temperature characterization follows AASHTO M320 procedure, which is a result of the Strategic 

Highway Research Program (SHRP) in the 1990’s.  This method uses low temperature creep stiffness 

(S(t)) and rate of modulus relaxation (m-value) obtained from the Bending Beam Rheometer (BBR) to 

grade the low temperature performance of asphalt binders, which are determined at relatively low stress-

strain levels within the linear viscoelastic range of material.  Characterizing asphalt materials at the low 

stress-strain levels is thought to be a limiting factor of this approach, as in-service pavements may 

experience much higher strain levels, not allowing for the BBR to accurately characterize the low 

temperature performance of asphalt binders [4, 6, 9]. 

Although the BBR is currently used as the method of grading asphalt binders, there has been a 

large amount of research indicating that passing BBR parameters may not lead to a high performing 

pavement.  Hesp indicated in a 2010 study that the BBR test failed to predict poor thermal cracking 



 

performance for 9 of 20 Ontario field sections [6].  The Ontario Ministry of Transportation has also 

realized the shortcomings of the BBR test procedures and have implemented two tests to better predict 

low temperature performance [6].  These two tests include the double-edge-notched-tension (DENT) test 

described by LS-299 and an extended-conditioning BBR procedure described by LS-308 [10, 11].  Hesp 

also compared both of these test procedures to field cracking and was able to find a much higher 

correlation with respect to the AASHTO M320 BBR procedure [6].    

2.1.2 Fracture Mechanics Approach: 

The use of fracture mechanics principles has been proven as the better approach to thermal 

cracking of asphalt mixtures compared to using continuum mechanics assumption of linear viscoelastic 

materials [9, 12, 13].  Many researchers have already proven that the fracture mechanics approach can be 

used to obtain low temperature fracture properties of asphalt binders at low temperatures [9, 12].   One of 

the evaluated tests is the Single Edge Notched Beam (SENB) test which uses a slightly modified 

specimen geometry of a BBR specimen.  The SENB test is conducted per ASTM E399, which assumes 

linear elastic fracture mechanics (LEFM) conditions apply.  The primary parameters obtained by the 

SENB test are the fracture toughness (KIC), fracture energy (Gf), and the strain at failure [2, 12].  KIC 

denotes the fracture type in which crack formation occurs in the tensile mode due to an applied bending 

load.  Gf refers to the total area under the load-deflection curve divided by the area of the fractured cross-

section.  Intuitively KIC and Gf values would have a positive relationship with respect to low temperature 

performance.  Strain at failure is calculated by the deflection of the beam at failure. 

Multiple studies have also shown that the SENB test is able to capture trends of fracture that are 

not distinguishable through current Superpave based BBR test [9, 12].  Velasquez studied the 

relationships between the SENB test and multiple other low temperature based testing procedures.  One of 

the key findings was that the SENB parameters had a strong correlation with BBR procedure’s stiffness 

parameter but little correlation with the m-value, which represent the creep-relaxation behavior of the 

binder.  Although a strong correlation existed between the stiffness and SENB test results, this was an 

inverse correlation as higher performing SENB test results yielded lower performing BBR parameters, 

which denotes contradicting performance indicators [9].  Velasquez concluded that the SENB test can 

provide a better estimation of thermal cracking susceptibility in comparison with the BBR. 

Golalipour specifically studied the fracture properties of oil modified binders using the SENB test 

[2].  This study revealed that the decrease in stiffness of the binder due to the oil resulted in the max load 

and the toughness properties to be sacrificed.  However, this softening allows for the strain at failure to be 

greatly increased along with the total fracture energy.  These two parameters are the most influential on 

the low temperature performance, as this allows for greater strain tolerance and higher relaxation 



 

properties, which are both highly preferred.  This indicates that when considering fracture properties there 

is an optimal range of performance between maximizing the max load and strain at failure.  Although 

most oils observed in this study gave promising results, some had a minimal effect on the fracture 

properties, which is thought to come from the high aging susceptibility of these particular oils [2].    

2.2 Asphalt Aging 

2.2.1 Binder Phase 

Aging is an essential parameter to consider when designing asphalt pavements, due to the chemical 

reactions which change the chemical and physical properties.  Chemical aging occurs as chemical 

reactions happen between the bitumen and the oxygen in the atmosphere.  This aging is typically divided 

into two separate regimes.  The first regime simulates the aging conditions during production where 

material experiences high temperatures and the second regime is the in-situ conditioning experienced 

throughout the lifetime of the pavement.  The current Superpave design requires the use of two artificial 

aging procedures, including the rolling thin film oven test (RTFO) to simulate aging during the 

construction process and the pressure aging vessel (PAV) which simulates the oxidative aging 

experienced throughout the pavement’s lifetime.  Consideration of aging susceptibility is essential for 

pavement design; an example of the effect of aging is just through the RTFO, the viscosity of the binder 

can increase by a factor of 1.5-4 [14].   

The chemical properties related to aging will first be discussed.  The primary components of 

asphalt material include saturates, asphaltenes, resins, and aromatics also known by the acronym “SARA” 

[14].  The concentration of each of these components can be estimated using a “SARA” analysis, 

described in ASTM 4124, a common procedure in the crude refining industry.  As Peterson [15] 

describes, the asphaltenes are the primary viscosity building blocks of the asphalt.  Through oxidative 

aging, some of the aromatic phase will convert to asphaltenes, resulting in binder stiffening through the 

aging process while the saturate phase remains relatively unchanged [14, 15, 16].  During this process, the 

asphaltene percentage will increase by 1-4 wt.% [14] and has been shown to increase through a linear 

trend with time [17].  This asphaltene concentration increase causes a decrease in the mobility of the 

molecules within the binder, which lessens the ability of the material to flow under an applied thermal or 

mechanical stress, results in embrittlement [18].  The saturate component acts as a solvent that disperses 

the asphaltenes, which doesn’t allow for a large complex asphaltene molecule networks to form [15].  

This information proves that the amount of saturates within the asphalt phase will allow for the binder to 

flow at lower temperatures, resulting in significantly less embrittlment.  Many of the oil-modifiers used 

today improve low temperature properties by increasing the saturate content of the asphalt binder.  



 

The aging susceptibility of oil modified binders has been an area of concern due to multiple 

researchers reaching conflicting conclusions.  D’Angelo concluded that the addition of re-refined heavy 

vacuum distillation oil doesn’t significantly effect the aging parameters based on BBR analysis [1].  

Herrington’s 1992 study showed the RTFO mass loss parameter is not a limiting factor at relatively high 

oil contents, such as 12%, as the Superpave mass loss limit of 1.0% was not reached [19].  It was 

determined by Lei that the aging properties captured by rheological parameters can be greatly changed 

with oil modification but he also noted that this effect was heavily oil-type dependent [20].   Golalipour 

also demonstrated similar trends as he indicated the aging susceptibility of oil modified binders is heavily 

dependent on oil type [2].     

Another research tool that has been used to analyze the composition of asphalt binders is the Gel 

Permeation Chromatography (GPC) test.  This test allows for a molecular size distribution curve to be 

created from a dissolved asphalt binder sample and is best described as a sieve analysis on the molecular 

level, which is shown in Figure 1 [8].  As aging occurs, the molecular size distribution within the binder 

tends to become larger primarily due to the asphaltene phase increasing in content and creating a more 

complex matrix the more aging that occurs.  So inherently, larger molecule distributions can be correlated 

to higher levels of aging.  Molecular size distribution has been effectively used by multiple researchers to 

analyze the aging process of asphalt binders [21, 22, 23, 24]. 

 

Figure 1: Schematic displaying the GPC process. [8] 

 



 

2.2.2 Mastic Phase 

Currently, there has been a relatively small amount of research completed investigating the effect 

of mineral aggregate (passing No. 200 sieve) on the aging properties of the binder.  Although relatively 

few studies have been conducted in this area, the studies that have been completed show significant 

changes to the aging properties.  Barbour conducted one of the first studies regarding this topic and 

concluded that the introduction of the mineral aggregate surfaces catalyzed the oxidation particular 

fractions of the binder [25].  Binder absorption properties of mineral aggregate has also shown to control 

the oxidation process, as low absorption mineral aggregate exhibits the highest oxidation effect, while 

high absorption materials have shown lesser oxidation [26, 27].    

Clopotel studied adsorption effects with respect to each fractional component of the asphalt 

binder and revealed that asphaltenes and resins are preferentially absorbed on the surface of the filler 

particles [28].  This is an important phenomenon, as the binder is becoming separated during the 

adsorption process, which results in the binder performing differently in the mix in comparison to an 

evenly mixed binder.   This study along with Moraes showed that the amount of asphaltenes adsorbed is 

highly dependent upon the filler surface area of the mineral filler, which indicates that different filler 

types can have a wide range of effects depending upon the filler’s gradation.   

Moraes studied the effect of mineral filler on the aging process of the mastic phase.  The stiffness 

properties were first analyzed and described by master curves [8].  This analysis showed that in 

comparison with the unmodified binder, PAV-aged binder decreased the slope of the master curve, 

indicating a decrease in the temperature susceptibility of the material as shown in Figure 2.  Interestingly, 

when the 40% filler volume fraction material was added into the aging process, the master curve was in 

parallel with the unmodified binder and not the aged binder.  This indicates that rheological properties 

measured by aging only the binder phase may not be the most useful tool for correlation with mixture 

performance.  However, this trend was not displayed when only 10% fillers were added as at this 

concentration the fillers had an insignificant effect on the aging process.  This indicates that the effects 

that the fillers have on the aging process is highly sensitive to concentration. 



 

 

Figure 2: Master curve showing the effect of binder aging and mastic aging. [8] 

Moraes also showed through aging indices that the presence of the mineral filler decelerates the 

asphalt binder aging in comparison with the base binder [8].  In order to determine the effect on aging 

caused by the surface area, two separate filler sources of different concentrations resulting in the same 

surface area were analyzed.  The results showed that the surface area may be a contributing factor but is 

not the primary factor as the aging characteristics of these two materials was significantly different.  

Testing temperature was also shown to have a significant effect on the aging as the lower the temperature, 

the lesser differences were noticed between the various filler types.   

 

2.3 Methods for Improving Low Temperature Performance 

2.3.1 Oil Modification 
There recently has been increasing research interest regarding oil modification of asphalt binder.  

This method has been proven to alleviate some of the thermal distresses seen in asphalt pavements, 

particularly in colder climates [3, 5, 19, 29].  Research has consisted of using many different kinds of oils, 

some of which are refined waste, bio, aromatic, paraffinic, and naphthenic just to name a few of the main 

categories.  Depending on the type, constituents, and source, oil modification can effect the binder in 

multiple ways.  Overall, oil modification tends to “soften” the binder, resulting in lower performance 

grades (PG), which increases the binder’s ability to relax stresses and limit stiffness characteristics, which 

allows for lesser buildup of internal stresses leading to less thermal cracking.     



 

As mentioned earlier, the SARA analysis is a useful tool for analyzing the component fractions of 

asphalt cement.  The component fractions of the asphaltenes in comparison with saturates is an important 

factor to consider, as these two have competing phenomena when analyzing low temperature 

performance.  As described previously, the asphaltenes serve as the main viscosity or structure building 

component of the asphalt cement [1, 14].  Saturates, on the other hand, dilute the asphaltenes which 

doesn’t allow for the asphaltenes to build viscosity or strength of the binder.  It is also important to note 

that saturates have a significantly lower glass-transition temperature than any other asphalt components, 

which is near -70°C [14].  Knowing these properties can infer that a higher saturate content will lead to a 

less viscous material with a lower glass transition temperature.  Oil modification is based upon these 

principles, as they typically have high concentrations of the saturate component, which lead to better low 

temperature performance.  Typical base asphalt consists of 5-15 wt.% of saturates [14] and typical oil 

modification levels currently used vary from 1% to 20%.   

Through many studies, researchers have noted that different types of oils require different 

concentrations to get the same effect, which is expected to be caused by the variable saturate and 

asphaltene contents of the oils used [1, 2, 20].  D’Angelo was able to show the dependence of the saturate 

and asphaltene contents through modifying base binder with Re-refined Heavy Vacuum Distillation Oil 

(RHVDO) [1].  This research included performing SARA analysis on two sources of RHVDO and then 

modifying base binder with various concentrations with these RHVDO sources.  Source 1 had a 

significantly larger amount of saturates, along with having less asphaltenes in comparison with Source 2.  

By PG grading the RHVDO modified binders, it was shown that Source 1 typically had a higher softening 

effect, which allowed the binder to have better low temperature performance.  This shows that the ratio of 

asphaltenes, with respect to saturates, plays a large role in softening binders [30].  

Many researchers have noted that the addition of oils tends to decrease the AASHTO M320 low 

temperature performance grade through softening the binder [3, 5, 19, 20, 29].  Golalipour was able to 

display this softening effect through increasing oil contents by analyzing the master curves shown in 

Figure 3.  This figure clearly shows that the oil has a softening effect on the binder at all frequency 

ranges.  Although this effect improves the low temperature performance, the high temperature 

performance is also sacrificed as rutting resistance requires high stiffness [2, 19].  It is important in areas 

that experience a wide range of temperatures throughout the seasons, such as the Midwestern United 

States, to be able to handle wider ranges of temperatures rather than having to sacrifice performance at 

either the low or high temperature range.   



 

 

Figure 3: Master curves of unmodified binder and oil modified binder with multiple concentrations.  Note the softening effect 

throughout the whole range of frequencies. [2] 

Multiple studies have shown that the high temperature PG of the binders has a linear relationship 

with oil modification [2, 20].  The primary advantage of having a linear trend of PG change allows for 

only a single oil content to be tested as a calibration in order to fit the linear model [2, 20].  Lei also 

studied the base binder’s effect of the oil modification and revealed that despite the compositional 

differences, the amount of oil to achieve same grade varied by less than 1% [20].  Although PG results 

were relatively the same for these oils, significantly different results were shown by a high temperature 

analysis called multiple stress creep and recovery (MSCR) and fatigue analysis called linear amplitude 

sweep (LAS) tests [20].  This shows that the PG system is not capturing all the differences in performance 

characteristics.       

A large emphasis in recent studies has been put into studying the effects of adding used 

lubrication oil into the asphalt binder in order to improve the low temperature properties.  This is a 

sustainable use of this material, as there currently are large volumes of this material but limited 

applications besides disposal.  Villanueva studied the effects of adding used lubrication oils with the 

primary goal of improving the Superpave low temperature performance grade (PG).  This study showed 

that the addition of oil was able to increase the low temperature PG but not without sacrificing the high 

temperature grade [19].   The difference between the low and high temperature PG for each level of 

modification stayed relatively constant, which shows that the oil has a “shifting” effect on the 



 

performance grade.  It was noted that the limiting factor from these BBR PG tests was the bending beam 

rheometer’s (BBR) m-value, which is a measure of creep.  Although low temperature performance was 

shown to generally improve with higher oil modification levels, Villanueva suggested that high oil 

contents could lead to reduced adhesive properties between the binder and the aggregates, which could 

possibly lead to stripping and raveling [19].   

Herrington studied the addition of waste oil distillation bottoms (WODB), which is a waste 

product from the process of re-refining waste lubrication oil into the asphalt binder phase [3].  The 

WODB actually showed to increase the viscosity of the asphalt binder which is the opposite effect of 

most other oil modifiers examined by researchers, which shows that the oil type and composition plays a 

large role in the modification response.  Although the viscosity at high temperatures was increased, due to 

the temperature susceptibility properties of the WODB, the binder was less susceptible to temperature 

with higher concentrations of WODB.  This is a greatly preferred trend, as many other oil modifiers 

experience a shifting effect as the low temperature performance increases and the high temperature 

performance decreases.  One of the disadvantages that was identified through this study was the high 

variability of the oil source properties, which is caused by many different random types and conditions of 

waste oils mixed prior to the re-refining process.   

Johnson further explored the implications of waste engine oil (WEO) modification by evaluating 

the effects on the low temperature properties of 20 and 40 hour PAV aging cycles [4].  This analysis first 

showed that the overall grade span, the difference between the high and low temperature grades, is 

typically increased with the addition of WEO, however, the magnitude of increase in this span is heavily 

base binder dependent.  By analyzing the phase angle, it was shown that the WEO modified binders 

demonstrated the formation of a gel-type material, which has higher elastic and lower viscous tendencies 

in comparison with the unmodified binders, which suggests that the WEO modified materials are less 

capable to relax stresses.  WEO modified binders were also indicated to be highly sensitive to physical 

hardening, which is a phenomenon that results in the binder becoming more brittle when conditioned for 

extended periods of time at low temperatures.  When certain base binders are combined with WEO, the 

temperature grade loss was up to 9°C higher in comparison with the unmodified binder.  This study 

clearly demonstrated the potential short comings of oil modification.    

A field study in Ontario was able to link zinc compounds commonly found in engine oils to 

unexplained, premature and excessive thermal cracking using X-ray fluorescence (XRF) [6].  Zinc 

compounds are in many of the additives that are used in engine oils but do not exist in the binder or 

aggregate phase, which allowed the presence, indicated by XRF analysis, of zinc to be used as an 

indication of the presence of waste engine oil modifiers.  XRF analysis was also used to predict the 



 

original concentration of the waste engine oils.  It was shown that 80% of the poorly performing contract 

sites had significant amounts of zinc, which is likely due to the addition of waste engine oil residues.  

Hesp suggested that the zinc compounds heavily affect the physical and chemical hardening properties 

experienced by these binders and cause adverse performance effects.  Therefore, it is important to factor 

in all components within the oil sources and their associated effects before application into asphalt 

pavement.   

2.3.2 Polymer modification 
Polymer modification is one of the most widely used modification methods currently used in the 

asphalt industry.  The addition of polymers, relatively small molecular chains, have shown to drastically 

improve rutting resistance, thermal cracking, fatigue resistance, stripping, and temperature susceptibility 

[31].  Depending on the goal of modification, such as improving low or high temperature performance, 

different modification types may be used as different types have shown to result in considerably different 

performance implications.  Common polymer modification types include styrene-butadiene-styrene 

(SBS), styrene-butadiene rubber (SBR), Elvaloy
®
, ethylene vinyl acetate (EVA), and polyethylene.  With 

respect to low temperature performance, SBS and SBR have both demonstrated to significantly improve 

the low temperature flexibility, which improves the crack resistance [31, 32].  Previous studies have 

shown that Elvaloy
®
 modification when combined with specific aggregate sources can result in 

significantly higher fracture temperatures or lesser performance [33].   

Although polymer modification has clearly demonstrated to improve asphalt performance there 

are a few disadvantages such as compatibility of the modifier with the base asphalt, cost, and aging 

susceptibility.  The compatibility of the modifier to the base binder is important to consider, as 

incompatible materials will typically result in phase separation, which means the asphalt binder will be 

difficult to retain uniformness.  Often to overcome the incompatibility concerns, higher blending 

temperatures and more intense blending procedures are chosen.  However, these procedures are more cost 

intensive, which suggests a life cycle cost analysis should be conducted in order to see if the benefits 

outweigh the costs.  A previous field study conducted on Route US61 in Louisiana has also shown that 

the addition of SBS can result in significantly higher aging [34].  SBS modified binder was extracted 

from an 8 year old pavement and the binder was found to be much stiffer than expected at both high and 

low temperatures.  This material was also blended with unmodified binder to lower the stiffness.  The 

material retained its stiffness significantly more than other aged binders.  Even with these limitations of 

polymer modification, it has proven to be an effective and efficient method for increasing the 

performance of asphalt, however, oil modification has shown to be free of many of these limitations.   



 

In summary, although oil modification is currently a widely used method in the asphalt industry, the 

long term aging effects are not fully understood and can potentially have damaging effects on asphalt 

service life.  This lack of understanding is putting the pavement field at risk, which demonstrates a need 

to further investigate the implications.  This thesis addresses this concern by investigating the aging 

effects of oil modified asphalt materials using multiple low temperature characterization methods and 

phases of asphalt materials of various aging levels.    



 

3 Materials and Methods 

3.1 Asphalt Materials 

3.1.1 Binder  
Both unmodified and oil modified binders were evaluated in this study.  The base binder for all 

oil modified specimens is Flint Hills (FH) PG 64-22, which is a commonly used binder in the Midwestern 

region of the United States.  An unmodified FH PG 58-28 binder was also introduced into the study in 

order to compare an unmodified and oil modified binder of the same performance grade.  In order to 

evaluate the effect of unmodified binder source, Valero (VAL) binders of performance grades PG58-22 

and PG 64-22 were also evaluated in certain testing scenarios.   

3.1.2 Oil Modification 
Three different types of oils were analyzed as binder modifiers including a paraffinic (PA), 

refined waste (RW), and bio oil (BO).  Paraffinic oils are petroleum based and are a byproduct of the 

distillation process of crude oil.  Refined waste oil is previously used oil that is refined in order to remove 

any contaminates.  Lastly, a bio oil is an oil that has been derived from plant matter such as corn, 

soybean, etc.  These oil types were chosen to cover a wide variety of source and chemical composition in 

order to assess ability of certain oils to significantly alter binder aging characteristics. 

The oil modification process was completed using a high shear mixer held at a constant speed of 

approximately 5000 rpms for 1 hour.  The blending temperature was chosen to be 150 ± 5°C, as heating 

above this range may result in excessive binder oxidation and heating below this range may result in poor 

mixing due to high viscosity of the base binder.  The concentration of oils within the binder were 

determined by targeting specific low temperature Superpave performance grades of -28 and -34 for each 

of the three oil modifiers.  These PG levels were chosen in order to determine the effects of the modifier 

at different oil concentrations.  To produce these PG levels from the base PG 64-22, lower oil 

concentrations are required for -28 while higher concentrations are required for -34.  Oil concentrations 

were determined on the nearest half percentage of oil to reach the designated targets.  The associated 

concentrations to reach these targets are shown in Table 1.  By targeting these two performance grades, a 

fair comparison can be made between each of these oils by testing the materials relative to their respective 

performance grade.  Table 1 clearly shows that these oils are significantly different in composition, as 

there is a relatively wide range of concentrations to meet the desired grades.   

 

 

    



 

Table 1: Required oil concentrations to achieve the desired low temperature PG 

 

Oil Modifier 

Paraffinic 

(PA) 

Refined Waste 

(RW) 

Bio 

(BO) 

Targeted 

Low Temp. 

PG 

-28 6.0% 2.5% 3.5% 

-34 12.0% 8.0% 7.0% 

  

3.1.3 Mastics 
Although current practices indicate that asphalt binders’ rheological properties are the most 

prominent factors controlling the overall performance of the mixture, recent studies have indicated that 

the filler properties, such as mineralogy, gradation, and dust to binder ratio, can play a large role in the 

mixture performance [8, 35].  The filler in this context refers to the material that passes the No. 200 sieve 

size and is commonly referred to as mineral filler or dust.  The asphalt mastics in this study were prepared 

using both a granite and a limestone filler (both originating from Wisconsin) in order to see the 

dependence of the filler type to mastic performance.  All mastics were also prepared at a filler volume 

concentration of 40% using unmodified and oil modified binders.  Although 40% filler volume 

concentration is on the high end of what is typically seen in today’s mix designs, previous research has 

indicated that the higher the filler concentration, the higher the effect the filler will have on the resulting 

mastic [8].  Having this high filler volume concentration demonstrates a worst case scenario regarding the 

overall effect of the filler on the mastic.  All mastic types were then tested both using the BBR, which 

characterizes the material based on the linear viscoelastic properties, and the Single Edge Notched Beam 

(SENB) test, which quantifies the fracture properties of the material.   

3.2 Testing Procedures 

3.2.1 Aging 
Aging was completed using conventional Superpave aging equipment including the Rolling Thin 

Film Oven (RTFO) and the Pressure Aging Vessel (PAV).  These two procedures are described by ASTM 

D2872 and ASTM D6521, respectively.  The RTFO simulates short-term aging that occurs during the 

initial mixing and placement phase while the PAV simulates aging that occurs over the years of service 

life of the asphalt pavement.  In addition to these two aging levels, a modified version of the PAV test 

was created, which extends the PAV aging time to 40 hours instead of the conventional 20 hours.  This 

test was created for the reason of previous research indicating that the PAV does not sufficiently age the 

material to a level that the asphalt pavement experiences near the end of the pavements service life [36, 



 

37].  By analyzing these three aging levels, trends can be identified in order to estimate how the asphalt 

pavement will perform at different stages of the aging process. 

In order to see how the binder ages with and without the filler presence, a modified version of the 

PAV procedure was also created.  This procedure involves creating a mastic material with filler and 

RTFO aged binder and then performing the conventional PAV testing procedure, replacing the binder 

with the mastic material.  These performances are then compared to a mastic containing filler and PAV 

aged binder.  The variance between these two methods is assumed to be from the differences in aging.      

3.2.2 Performance Grading 
Conventional Superpave low temperature grading was conducted per ASTM D6648, which uses 

the Bending Beam Rheometer (BBR) to quantify the low temperature stiffness and relaxation properties.  

The resulting parameters of the BBR testing procedure is stiffness and the m-value, which describes the 

relaxation properties.  According to the Superpave grading procedure the associated limits are a 

maximum stiffness of 300MPa and a minimum m-value of 0.300.  Using these limits, a material’s 

stiffness and m-values are tested at different temperatures and the lowest temperature in which both 

stiffness and m-value pass the criterion is designated as the low temperature performance grade.  

Superpave asphalt grading specifies using 6°C increments of temperature which include low temperature 

grades of -10, -16, -22, -28, -34 etc. 

Instead of using the typical performance grades that have increments of 6°C, continuous grading 

was conducted per ASTM D7643-10, which uses interpolation methods to get a more precise 

measurement of the temperature at which the binder will fail one of the criteria of the BBR test [38].  

Throughout the remainder of this report, the performance grade will be referred to as the “PG grade” and 

the continuous grade will be referred to as the “true grade” or “TG”.  The BBR parameters can also be 

compared to the fracture properties, which can reveal if the linear viscoelastic approach method of the 

BBR accurately describe the material beyond the linear viscoelastic range at failure.    

3.2.3 Single Edge Notched Beam (SENB) 
The Single Edge Notched Beam (SENB) testing procedure is a method of quantifying the low 

temperature fracture properties of asphalt materials, including both binder and mastic.  Previous research 

has indicated that the fracture mechanics approach describes the state of the asphalt material at high strain 

levels more accurately and can better represent the performance with respect to cracking [9, 13, 39].  The 

current BBR testing procedure tests characterizes materials by monitoring the performance at relatively 

low stress-strain levels.  This is one of the main disadvantages of the BBR, as when a pavement fails at 

low temperatures the stress-strain levels are significantly higher than what is experienced in the BBR 

procedure.  Although the fracture properties may be able to be predicted by monitoring the materials 



 

response at low stress-strain levels, certain binders’ (especially highly modified) fracture properties may 

not be accurately predicted from the BBR loading condition [13].   

  The SENB procedure involves loading the test specimen at a constant deformation rate until 

failure while monitoring the deflection and load.  The testing specimen is relatively similar to the BBR 

test, as the specimen has the same geometry but the SENB has a small notch in the center and the beam is 

loaded on the opposite axis as shown in Figure 4.  This induced crack is to ensure the beam fractures at 

the midpoint which greatly simplifies the analysis.   

 

Figure 4: Schematic describing geometry of Single Edge Notch Beam (SENB) test 

The primary parameters of interest that can be estimated from this testing procedure are the fracture 

toughness (KIC), fracture energy (Gf), total energy, and the deflection at failure.  Fracture toughness is a 

material property that describes the ability of a material to resist propagation/ fracture of an induced 

crack.  Total energy describes the total area under the load-deformation curve, while fracture energy 

describes this property up until the peak load occurs.  These two different energies are important to 

consider, as certain materials will crack in a brittle fashion while other materials will maintain load 

resistance beyond the peak load.  Lastly, the deflection at failure is how much the test specimen deformed 

vertically before failure occurred.  Deflection at failure is directly correlated to the strain at failure. Higher 

strains at failure are highly preferred, as this allows for more deflections without fracture. 

3.3 Testing Approach 
In order to thoroughly evaluate the effects of oil modification on the aging mechanisms of the 

asphalt, a variety of testing methods and phases of material were evaluated.  First, two different testing 

orientations were implemented to indicate performance.  BBR is used to represent the current Superpave 

linear-viscoelastic approach for low temperature characterization of asphalt materials.  SENB is used to 

represent a relatively new approach of fracture mechanics to characterize low temperature performance.  

By using both of these test methods a comparison can be made to determine if oil modification effects the 



 

performance of one of these approaches differently than the other.  Comparison of the BBR and SENB 

will also indicate which properties or trends are not captured by the current Superpave performance 

grading method.  Secondly, asphalt material will be tested in two different phases, including asphalt 

binder and asphalt mastic (asphalt binder and filler/dust), which allows for evaluation of how the presence 

of filler changes the aging process.  Comparing the two phases is crucial, as the asphalt binder is always 

mixed with the aggregate in the field, however, current Superpave performance grading requires testing of 

only the binder phase.  If performance of the binder phase is relatable to the performance of the mastic 

phase then it can be concluded that only binder tests should be conducted, as binder tests are usually 

simpler to conduct.  However, if the performance between phases is independent, mastic testing is 

suggested, as this is a better representation of the continuous phase of the mixture.  Also, interaction 

effects can be identified, as certain oils may interact with certain filler materials.   

  



 

4 Aging Behavior of Oil Modified Asphalt Binder 
In order to see the effect of oil modification on the aging behavior of the binder phase, unmodified 

and oil modified asphalt binders were tested at three different aging levels including RTFO, 1PAV, and 

2PAV.  This range of aging levels is indicative of typical aging conditions that in-service asphalt 

pavement may experience.   

4.1 Evaluation of Traditional Low temperature parameters (BBR) 
Oil modifiers are typically used to enhance the low temperature performance of binders by 

“softening” the asphalt, which allows for lower stiffness and higher relaxation characteristics at lower 

temperatures.  The traditional Superpave low temperature performance grading procedure specifies 

thresholds for both the stiffness and creep/relaxation parameters at only one aging level (1PAV).  

However, by looking at only one aging level, the rate at which aging is occurring is unknown.  Rate of 

aging can become a parameter of concern in cases where high losses of performance grade occur after a 

specified aging level.  This is critical because if the asphalt binder experiences aging beyond the specified 

level, rapid deterioration of the asphalt pavement may occur.  The need to consider rate of aging is further 

demonstrated given that certain research has estimated the aging by the standard 1PAV Superpave 

procedure to simulate about 10 years of aging, which is well below typical design lives of pavements [36, 

37]. 

For this stage of testing both Superpave low temperature grading parameters, stiffness and m-value 

(relaxation), were analyzed at three aging levels to capture the trends of these parameters throughout the 

aging cycle.  Figure 5 and Figure 6 shows the resulting true grades of the materials based on stiffness and 

m-value.  The error bars included in the plots within this section indicate the maximum and minimum 

values obtained from two replicates.  It is important to note that the unmodified binder is a PG 64-22, the 

lower concentrations of oils are all PG 58-28, and the higher oil concentrations are a PG 52-34.  For the 

temperature range analyzed in this research, just the low end of the performance grade was analyzed and 

lower true grades are assumed to indicate better low temperature performance.  Also, higher aging 

resistance is indicated by less increases in the true grade as more aging occurs.   



 

 

Figure 5: Low temperature true grades based on stiffness of unmodified and oil modified binders 

 

Figure 6: Low temperature true grades based on m-value of unmodified and oil modified binders 

The individual BBR parameters, stiffness and m-value, are essential to consider when evaluating 

the aging susceptibility of asphalt binders, as certain modification types can drastically change the 

relationship between these properties.  The current Superpave method only considers the maximum true 

grade temperature between stiffness and m-value at one aging level, but to get a better understanding of 

this relationship, three aging levels were considered for both unmodified and modified binders.  Figure 7 

compares true grades of unmodified binders and oil modified binders, respectively.  The equality line of 

these plots means the true grade for the stiffness and m-value are the same and if a point falls above the 

line this means that the m-value controls the true grade and vice versa for below the line.  These figures 

demonstrate the same trends exist regardless of oil modification, as stiffness controls the true grade at the 



 

lower aging levels and m-value controls at the higher aging levels.  From this limited dataset it can be 

concluded that the addition of oil does not have a significant effect on the controlling BBR parameter.   

 

a.) 

 

b.) 

Figure 7: Comparison of controlling BBR parameters of (a.) unmodified and (b.) oil modified binders. 
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In order to successfully compare the effect of aging for binders of different performance grades, 

the relative changes in true grade for both stiffness and m-value were used for comparison means.  Three 

stages of aging can be evaluated including the change in true grade from RTFO to 1PAV, 1PAV to 

2PAV, and RTFO to 2PAV and are displayed in Figure 8, Figure 9, and Figure 10, respectively.  Lower 

changes in true grade as aging occurs is highly preferred, as this indicates an asphalt binder’s ability to 

limit stiffness gain and maintain relaxation properties.  Essentially, a more age resistant binder is 

identified by lower increases in the true grade as the binder is exposed to aging.  Also, due to being on the 

low temperature range of the binder temperature grading scale, the lower true grades indicate better 

performance and increases in this true grade indicates loss of low temperature performance. 

The changes in true grade of both the stiffness and m-value from the RTFO to 1PAV aging are 

displayed in Figure 8 and indicates that comparable trends exist between the m-value and stiffness 

parameters.  With regards to m-values, the unmodified binder experienced the highest gain in true grade, 

which indicates higher aging susceptibility.  This suggests that the addition of oil reduces the aging 

susceptibility of the asphalt binder.  However, the higher concentration of refined waste experienced 

increases in true grade comparable to unmodified, which indicates that the refined waste oil is more 

susceptible to aging in comparison with the other oils analyzed.  It is also important to note that the lower 

concentration of the refined waste material experienced one of the lowest losses of true grade, which 

indicates that the susceptibility to aging is not only oil type dependent but also oil concentration 

dependent.  Looking at the change in true grade with respect to the stiffness shows that the oil modified 

versions are either comparable to the unmodified version or slightly improved.  Overall, during this stage 

of aging it can be seen that the oil modification actually tends to help the aging resistance of the binder for 

both the m-value and stiffness parameters.   



 

 

Figure 8: Change in true grade of binders from RTFO to 1PAV 

Figure 9 shows the change in true grade over the next stage of aging from 1PAV to 2PAV.  With 

regards to the stiffness parameter there is no significant difference between the unmodified and oil 

modified binders.  However, during the higher levels of aging the m-value controls as shown in Figure 5, 

which makes the m-value the critical parameter in this stage, as the Superpave performance grading 

system is based off the maximum true grade between stiffness and m-value.  Looking at the m-values, it 

shows that the oil modified binders tend to lose slightly more true-grade in comparison with the 

unmodified binder.  This indicates that all three of the oils, especially the refined waste, are more 

susceptible to aging in this stage.  This analysis shows that oil modification tends to change the time at 

which aging occurs in the process, as the unmodified binder experienced higher losses in the initial stage 

but slightly lower losses in the final stage.  This clearly indicates that the addition of oil changes the aging 

mechanisms within the binder material.   



 

 

Figure 9: Change in true grade of binders from 1PAV to 2PAV 

Lastly, Figure 10 shows the change in the true grade throughout the whole aging cycle of RTFO 

to 2PAV.  This chart demonstrates that with regards to increases in true grade of the stiffness parameter, 

all of the oil modified binders performed either comparable or better to the unmodified asphalt binder.  

With regards to the m-values, this shows that nearly all binders are relatively comparable to unmodified, 

except for the higher concentration of RW, which experiences almost two full performance grade drops or 

12°C difference in grade over the examined aging period, which indicates high aging susceptibility.   

 

Figure 10: Change in true grade of binders from RTFO to 2PAV 

Further testing was also conducted to determine how unmodified binders, other than FH 64-22, 

perform during the same aging cycles for a base binder source and performance grade dependence 

analysis.  This testing was conducted on the assumption that a higher aging susceptible unmodified base 



 

binder will generally result in a higher aging susceptible oil modified binder and vice versa.  For this 

analysis, three additional binders were selected of relatively similar PG and different suppliers.  A Flint 

Hills binder of PG 58-28 was analyzed along with Valero binders of both PG 64-22 and PG 58-22. 

Figure 11, Figure 12, and Figure 13 show the relative changes in true grade throughout the same 

aging cycles as the previous analysis.  These charts show that between these four analyzed binders there 

are relatively small differences in overall true grade increase during aging, however certain binders 

increased differently during the two analyzed aging intervals. 

 

Figure 11: Change in true grade of various unmodified binders from RTFO to 1PAV 

 

Figure 12: Change in true grade of various unmodified binders from 1PAV to 2PAV 



 

 

Figure 13: Change in true grade of various unmodified binders from RTFO to 2PAV 

As seen in Figure 11 all the binders perform relatively similar in the RTFO to 1PAV stage.  

However, during the 1PAV to 2PAV stage, the Val 64-22 shows high loss in true grade.  Nevertheless, 

when looking at the complete aging spectrum, RTFO to 2PAV, the binders experience relatively similar 

losses in true grade for both stiffness and m-value.  Given the small dataset, the results indicate the overall 

changes in true grade from RTFO to 2PAV are similar for most unmodified binders, but the time at which 

aging occurs during this cycle may not be the same.  This demonstrates that a good understanding of both 

the unmodified binder and the oil modifier individually is essential in order to effectively evaluate the 

aging effects of oil modified binders.  If this information is not taken into account and a highly aging 

susceptible binder is paired with a highly aging susceptible oil, then even higher decreases in true grade 

are expected than shown in this dataset.   

Summary: 

From analysis of the linear viscoelastic properties of unmodified and oil modified binder phase, 

several conclusions can be drawn regarding the aging effects of oil modification.  Oil type demonstrated 

to have a large effect on the resulting aging resistance, as refined waste performed significantly different 

than the other two oils.  Refined waste oil also showed a strong dependence on oil concentration, as the 

low concentration experienced much better resistance to aging than the high concentration.  This indicates 

that oils considered to be used as asphalt modifiers should be thoroughly evaluated at different 

concentrations as the effects may be different at various concentration levels.  The presence of oil also 

resulted in major changes regarding when the change in true grade occurs throughout the aging process 

(RTFO, 1PAV, and 2PAV).  The unmodified binder experienced higher losses in true grade in the initial 

RTFO to 1PAV stage in comparison with the oil modified binders.  However, the unmodified binder 



 

showed significantly less true grade loss in the 1PAV to 2PAV stage.  This indicates that just using the 

1PAV aging level for Superpave grading doesn’t give the complete picture of what is occurring with 

respect to aging.  Although the oil modified binder may appear to perform better at the 1PAV level, when 

the unmodified binder is aged beyond 1PAV the relative aging performance may be comparable.  

Unmodified binders also showed to have slightly different aging behaviors based on binder source and 

performance grade.  This indicates that a good understanding of the unmodified binder is essential prior to 

oil modification as if a highly aging susceptible binder is paired with a highly aging susceptible oil 

modifier, the resulting aging behavior would likely be very poor.  Also the controlling BBR parameter, 

stiffness or m-value, was evaluated at each aging level and was not significantly changed with the 

presence of oil modifiers as stiffness controlled at low levels of aging and m-value controlled at the 

higher levels of aging.   Overall this analysis has shown that the addition of oil has a significant effect on 

the linear viscoelastic properties of asphalt binder.   

 

  



 

4.2 Effect on Fracture properties 
Low temperature fracture based tests have been analyzed in multiple studies in order to correlate to 

low temperature cracking resistance.  The fracture mechanics approach has become more popular in the 

research field, as fracture tests more accurately describe the stress/strain state of an asphalt pavement 

prior to low temperature thermally induced cracking.  Conventional Superpave testing uses a linear 

viscoelastic approach, which characterizes the material based off the performance at stress/strain levels 

well below what is experienced prior to failure.  The SENB fracture testing method was used for fracture 

property characterization of unmodified and oil modified binders in this study.  The primary response 

used from this test is strain at failure, which is directly correlated to the deflection at failure, and is further 

described in the Materials and Methods section, along with other obtainable properties.  A higher strain at 

failure means the asphalt sample can experience higher strain levels without cracking, which is highly 

preferred with respect to low temperature performance.  

In conjunction with the BBR analysis previously discussed, fracture analysis will indicate if the 

addition of oil effects both the fracture and linear viscoelastic properties similarly.  If a strong relationship 

is present between these two properties, then the BBR procedure accurately describes the effect of the oil 

on the fracture properties.  However, if there is no relationship between the BBR and SENB results, then 

this indicates that linear viscoelastic properties and fracture properties must be considered independently, 

with the addition of oil.   

A similar testing matrix was setup in comparison with the conventional BBR binder testing.  All 

samples were tested at all three aging levels and at their respective Superpave performance grade 

temperature.  From this analysis, conclusions can be drawn with regards to how different oils respond to 

the aging process in comparison to the unmodified base binder.  Once again, it is important to note that 

higher strains at failure are preferred and that higher aging resistance is denoted by minimizing the losses 

of strains at failure as aging occurs.   

Figure 14 shows the strain at failure for each of the binders at the three considered aging levels.  

The error bars indicate the maximum and minimum values obtained through three replicates.  As 

expected, all the binders show a general trend of decreasing the strain at failure as more aging occurs.  

This is due to the effects of oxidation, which creates a higher concentration of asphaltenes, resulting in a 

stiffer, less relaxing, and more brittle material.  This chart also demonstrates that the oil modified binders 

have significantly different trends in comparison with the unmodified binder, especially during the 1PAV 

to 2PAV aging stage.  The unmodified base binder showed significant loss of strain at failure during this 

stage, while most of the oil modified binders showed limited differences between 1PAV and 2PAV.  This 

shows that the oil is potentially increasing the aging resistance of the base binder.   



 

 

 

Figure 14: Strain at failure determined by SENB for unmodified and oil modified binders 

In order to see when and how oil modification changes the aging of asphalt binder, relative 

changes in strain at failure between the three different aging cycles are shown in the next three figures.  

Figure 15 represents the change in strain between the RTFO and 1PAV aging level, demonstrating that 

most of the oil modified binders perform comparable to the unmodified binder.  However, the refined 

waste oil modified binder shows rapid deterioration of the strain at failure.  Although the binder modified 

with refined waste had significantly higher strains at failure in comparison with all the other binders, as 

shown in Figure 14, the strain at failure decreases much faster in comparison with the other materials.  

This clearly demonstrates that the addition of certain oils, such as refined waste, can dramatically change 

the aging mechanisms within the binder.   
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Figure 15: Change in strain of binders at failure between RTFO and 1PAV 

Figure 16 shows the changes in strain at failure with respect to the next level of aging, 1PAV to 

2PAV.  During this period, the unmodified binder shows significant losses in strain at failure, while all 

the oil modified asphalt binders show relatively small changes in strain at failure.  This trend indicates 

that in this time frame of aging, the oil modified binder is more aging resistant in comparison with the 

unmodified binder.   

 

Figure 16: Change in strain at failure of binders between 1PAV and 2PAV 

Lastly, Figure 17 shows the change in strain at failure over the complete testing range of RTFO to 

2PAV.  The unmodified binder and 8% refined waste oil modified binder experienced the highest losses 

of strain at failure.  However, the 8% refined waste had significantly higher actual strains at failure, as 
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shown in Figure 14. This shows that the resistance to aging, with respect to fracture performance, is 

noticeably improved with the addition of bio, paraffinic, and the lower concentration of refined waste oils.   

 

Figure 17: Change in strain at failure of binders between RTFO and 2PAV 

As indicated by the error bars within the plots within the binder fracture analysis, there is a 

considerable amount of variability for each of the samples, so statistical analysis was conducted to 

indicate the significance of each factor.  By evaluating the t-statistic, a p-value can be determined for each 

factor.  If the p-value is below 0.05, then the factor is considered significant at the 95% confidence level.  

Statistical regression analysis was conducted by using oil type, oil concentration, aging level, and 

replication as factors, while using strain at failure as the response.  The associated t-statistics and p-values 

are displayed in Table 2. 

Table 2: Statistical significance analysis for binder fracture factors using strain at failure as response.  The significance is based 
on a 95% confidence level. 

Strain at Failure 

Factor T P Significant? 

Constant 8.23 0.000 Yes 

Oil Type -1.02 0.313 No 

Oil Concentration 3.42 0.001 Yes 

Aging Level -4.85 0.000 Yes 

Replicate -0.22 0.825 No 
 

The results of the statistical analysis prove that both oil concentration and aging level are 

significant factors.  The constant factor is also significant, but this is just a fitting parameter for the 

regression model and not an actual experimental factor.  It is also important to note that the replicate 
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factor is not significant which indicates that repeatability among replicates is not a critical issue.  This 

same analysis was also conducted using other fracture related properties obtained from the SENB 

procedure, including fracture toughness (KIc) and fracture energy (Gf) as the primary response.  These 

properties are further described in the Materials and Methods section.  The results using fracture 

toughness and fracture energy as the response indicated that the same two factors, oil concentration and 

aging level, are the most significant parameters.  This indicates that the three observed fracture properties 

have the same relative effect with the use of oil modification.   

Given the limited dataset used in this asphalt binder fracture analysis, it clearly demonstrates that 

nearly all oil modified binders outperform the unmodified binder with respect to aging resistance.  Not 

only did the oil modification change the overall response (RTFO to 2PAV) to aging, but it drastically 

changed when the performance losses occurred in the aging process (RTFO to 1PAV and 1PAV to 

2PAV).  Although unmodified binder experienced slightly less loss of strain at failure during the initial 

RTFO to PAV aging stage, during the 1PAV to 2PAV stage the loss of strain at failure of the unmodified 

binder was significantly higher than all of the oil modified binders.   

It is also important to note that the trends noted in these fracture based tests indicate contradicting 

trends to those found in the BBR analysis.  The linear viscoelastic based BBR testing results indicated 

that oil modified binders experienced significant performance losses between the 1PAV and 2PAV stages, 

as binders showed true grade losses of anywhere from 2-6°C.  However, the SENB fracture based results 

showed minimal differences in most of the oil modified binders.  This indicates that these two tests, 

SENB and BBR, are obtaining significantly different parameters even though both are used as low 

temperature performance indicators.  This emphasizes a need to correlate these tests to mixture 

performance testing to see which results in better correlation with actual mixture performance. 

Summary: 

Given the limited dataset, this binder fracture property analysis has clearly demonstrated that the 

addition of oil modifiers significantly changes the mechanisms of aging.  Similarly to the binder BBR 

analysis, the effects of oil modification are dependent upon the oil type and concentration and have a 

large effect on both the time at which aging occurs and the overall aging resistance.  With regards to oil 

type, bio and paraffinic oils performed relatively similar while refined waste displayed significantly 

higher losses in fracture performance during aging, which indicates refined waste has poor aging 

resistance.  Higher oil concentrations also tended to have slightly higher losses in performance and this 

effect was shown through the statistical analysis as oil concentration is considered a significant factor.  

The oil modified binders also demonstrated the ability to improve the aging resistance in comparison to 



 

the unmodified base binder, however this is dependent upon oil type and oil concentration.  The addition 

of oils also caused the timing of aging to change as the oil modified binders tended to age more in the 

beginning of the aging process, while the unmodified binder aged more consistently with higher aging 

occurring in the later stages.  Although many of the same aging related trends were observed between the 

BBR and the SENB there were also some discrepancies.  The BBR results indicate that there are 

significant differences between 1PAV to 2PAV, however, the fracture results indicate minimal 

differences between 1PAV and 2PAV aging cycles.  These differences can be attributed to the nature of 

these two tests, as the BBR captures the characteristics at relatively small stress-strain levels while SENB 

can represent the behavior at large strain levels, which are more representative of the in-service 

pavements prior to failure.   

  



 

5 Aging Behavior of Oil Modified Asphalt Mastics  
Previous research, as described earlier, has indicated that there is an interaction effect between the 

asphalt binder and the aggregates within the asphalt mixture, which results in changes to the aging 

processes [8, 28].  These changes are dependent upon chemical composition of the aggregate and binder 

source.  This leads to the idea that aggregates should be taken into account in order to better estimate the 

resulting mixture performance.   

In order to incorporate the effect of the aggregates into the performance of the analyzed binders, 

mastic materials were tested, which are a combination of asphalt binder and aggregate filler (dust).  

Mastic performance is more representative of the actual in-service condition of asphalt binder.  The use of 

mastics in comparison with binder will give a better indication of how the asphalt binder ages and 

performs with the presence of filler.  

Mastic materials were tested in the same manner as the binder, including both BBR and SENB.  

Although the physical properties of mastics are significantly different in comparison with the binder 

phase, the trends of changes in performance through aging based on oil type, oil concentration, and 

aggregate type were analyzed in this stage.  It is also important to note that neither of these procedures are 

currently standardized, so there are no criterion to indicate an acceptable performance level.  In order to 

see effect of different filler types, both granite and limestone fillers, originating from Wisconsin, were 

used in analysis.  Filler volume concentration was held constant at 40% for each filler type. 

5.1 Effect of Filler Presence on BBR parameters 
In order to see the effect of the fillers on the linear viscoelastic properties, the best (paraffinic) 

and worst (refined waste) performing oil modified binders (based on the BBR binder tests) were 

incorporated into mastics.  This analysis will reveal the potential effects of the filler type, oil type, and 

possibly an interaction between the two.  For this testing phase aged binder of three levels (RTFO, 1PAV, 

2PAV) were combined with filler to create the mastic phase.  Figure 18 and Figure 19 show the stiffness 

and m-value parameters obtained from this analysis, respectively.  The error bars included in the plots 

within this section indicate the maximum and minimum values obtained from two replicates.  From the 

stiffness perspective, the primary factor appears to be the filler type, as limestone tends to have slightly 

lower stiffness.  However, this trend is not seen within the m-values, which indicates from a relaxation 

perspective, the effects of filler type and oil type are not significant.   



 

 

Figure 18: BBR stiffness parameters of mastic materials 

 

Figure 19: BBR m-value parameters of mastic materials 

To get a better idea of when the changes in performance occur throughout the aging cycle, Figure 

20 and Figure 21 describe the changes in stiffness and m-value in each stage, respectively.  From the 

stiffness analysis, it is clearly shown that the effect of the filler type has a much greater effect than the oil 

type.  This is not expected, as these binders perform significantly different with respect to the aging 

results in the BBR binder analysis.  This indicates that the presence of filler has a dominating effect on the 

resulting performance of a binder in a mixture and that the BBR binder procedure may not accurately 

characterize the performance of the binder when it is in the mixture phase.  In other words, a poor 
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performing oil modified binder, based on BBR binder characterization, can perform well in the mixture 

phase due to the presence of aggregate.  The time of aging is also a key factor that can be evaluated.  This 

shows that there are significant differences between the mastics but there is no distinguishable trend based 

solely on filler or oil type, which indicates that there may be an interaction effect between these two 

factors.   

 

Figure 20: Changes in BBR stiffness parameter throughout the aging cycles of mastics 

 

Figure 21: Changes in BBR m-value parameter throughout the aging cycles of mastics 

In order to obtain a fair comparison of binder to mastic aging, the binder used for the previous 

mastics were tested in the same manner, as testing temperature was held constant while varying the aging 

level and monitoring the changes in stiffness and m-values.  With respect to the stiffness parameter, 



 

mastics tended to all have significantly higher changes in stiffness in comparison to the binder.  When 

granite was used as the filler source, as shown in Figure 22, the resulting changes in stiffness displayed 

the same trend as the binder, just of much higher magnitude.  However, when limestone filler is 

introduced, as shown in Figure 23, the same trend does not exist, as there is no distinguishable 

relationship between the binder and mastic trends.  This further demonstrates that the filler type is a 

critical factor.  

 

 

Figure 22: Comparison of changes in stiffness through aging of asphalt binder to granite mastic 

 



 

 

Figure 23: Comparison of changes in stiffness through aging of asphalt binder to limestone mastic 

 With regards to the m-value parameter, the changes in this parameter for the mastic and binder 

were relatively comparable for all specimens of both granite as shown in Figure 24.  Also, the general 

trends of aging throughout each of the various levels were similar to the binder, except for the paraffinic-

lime mastic for unknown reasons.  Due to the limited analysis of only two fillers and two mastics, more 

tests would have to be conducted to get a better understanding of the trends of changes in m-value.    

 

 

Figure 24: Comparison of changes in m-value through aging of binder to mastic 



 

Summary: 

Given the limited dataset of this analysis of linear viscoelastic properties of asphalt mastics, the 

response to aging was determined to be dependent upon the presence of filler and the filler type, but not 

oil type.  The presence of filler had a large effect as even though certain binders preformed significantly 

different in the binder phase, the resulting behavior of these same binders when incorporated into the 

mastic phase was relatively small.  This trend was demonstrated by the use of both the 8% refined waste 

(poor binder phase aging resistance) and 12% paraffinic (good binder phase aging resistance) binders, as 

these materials performed significantly different in binder phase but very similar in the mastic phase, 

holding the filler type constant.  Also, it was quite clear that the granite filler resulted in much higher 

losses of stiffness in comparison with limestone, which indicates that filler type also plays a large role in 

the aging performance.  This analysis also demonstrated that the addition of filler effects the stiffness and 

m-value parameters much differently, as the addition of filler results in significantly higher changes in 

stiffness but minimal difference in changes in m-value in comparison to the binder phase.  Although 

further testing is required to verify these trends shown in this limited dataset, this analysis suggests that 

the filler presence and filler type should be included in the performance characterization step as these two 

factors can play a significant role in the resulting aging resistance.      

5.2 Effect on fracture properties 
In this section, fracture properties of mastics were evaluated as a method to establish a relationship 

between the fracture and linear viscoelastic properties of mastics.  The findings of the asphalt mastic 

linear viscoelastic analysis previously discussed, have indicated that the addition of filler has a large 

effect on the resulting aging behavior in comparison to asphalt binders.  The previous section indicated 

that the presence and type of filler had a large effect, while oil type had a minimal effect.  A more in 

depth analysis of the presence of filler will be conducted in this section as well, in order to determine if 

the binder actually ages differently with the presence of filler.   

Figure 25 displays the strain at failure results.  This shows that the range of strains at failure is from 

about 0.15- 0.25%.  The mastic with the unmodified binder demonstrated significant differences between 

the two filler types, as granite showed higher strain at failure.  Bio oil modified binder was the only oil 

modified binder to show this same trend, as both concentrations revealed that granite has significantly 

higher strain at failure.  On the contrary, paraffinic and refined waste modified mastics both showed to 

have a negligible difference between the two filler types.  However, when these oils were paired with 

limestone filler, a noticeable increase in the strain at failure occurred in comparison with the unmodified 

binder.  This analysis has shown that there is a significant interaction effect between oil and filler type as 

when certain oils are paired with certain fillers, noticeable performance changes occur.  



 

 

Figure 25: Comparison of strain at failure of granite and limestone fillers 

Previous research has indicated that the presence of filler during the aging process makes a large 

difference in the resulting performance of an asphalt binder.  This concept was tested by creating two 

mastic aging preparation procedures.  Method 1 will be referred to as “PAV-Binder” which indicates only 

the binder was present during the aging cycle and was mixed with filler material after PAV aging was 

completed.  Method 2 will be referred to as “PAV-Mastic” which indicates that RTFO aged binder was 

mixed with the filler then the mastic material was PAV-aged.  Significant differences in performance 

between these two methods will indicate that the filler’s presence has a large effect on the resulting 

performance.  However, if minimal differences are shown then this indicates that the filler doesn’t 

drastically change the aging mechanisms of the asphalt binder. 

Figure 26 and Figure 27 show the strain at failure between the two aging methods for granite and 

limestone fillers, respectively.  The error bars within the plots indicate the maximum and minimum values 

obtained from three replicates.  These plots indicate that although certain PAV-Binder aged mastics tend 

to have a slightly higher strain at failure, in most cases the difference between the aging methods is not 

drastic.  This indicates that filler presence doesn’t have a large effect on the macro scale mechanics as 

fracture properties are relatively similar.  
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Figure 26: Comparison of strains at failure of the aging procedures for granite fillers 

 

Figure 27: Comparison of strains at failure of the aging procedures for granite fillers 

Due to relatively high variation within replicates as shown by the error bars, statistical analysis 

was performed in order to determine what factors are statistically significant.  A statistical regression 

model was established with factors being oil type, oil concentration, filler type, aging type, modification, 

and replicates while using strain at failure as the primary response.  The modification factor is based on if 

the binder is either neat or oil modified.  Also the replicate factor is included to see if variation between 

replicates is significant and if this is significant no trends should be drawn from the dataset without 
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decreasing the variation between replicates.  By evaluating the t-statistic, a p-value can be determined for 

each factor and if the p-value is below 0.05 then the factor is considered significant at the 95% confidence 

level.  The associated t-statistics and p-values are displayed in Table 3.   

Table 3: Statistical significance analysis for asphalt mastic fracture factors using strain at failure as response.  The significance is 
based on a 95% confidence level. 

Strain at Failure 

Predictor T P Significant? 

Constant 22.280 0.000 Yes 

Oil Type -0.230 0.819 No 

Concentration -0.290 0.776 No 

Filler Type -6.910 0.000 Yes 

Aging Type -4.570 0.000 Yes 

Oil Mod 1.760 0.082 No 

Replicate -0.260 0.797 No 

 

The statistical analysis demonstrates that filler type and aging type are significant while the 

binder related factors are not significant at the 95% confidence level.  Due to oil type, oil concentration, 

and oil modification not being a significant factors this suggests that the binder related factors do not have 

a huge effect on the overall fracture properties holding filler type and aging type constant.  Also it is 

important to note that the replication factor is not significant which indicates that repeatability is not a 

major concern.   

This same analysis was also conducted using other fracture related properties obtained from the 

SENB procedure including fracture toughness (KIc) and fracture energy (Gf) as the primary response.  

These properties are further described in the Materials and Methods section.  This analysis indicated that 

the same factors are not significant when looking at the fracture toughness or fracture energy.  Table 4 

and Table 5 show the results for each of the factors when using fracture toughness and fracture energy as 

a response, respectively.  This is an unexpected result as the binder fracture analysis resulted in all three 

of the responses showing the same factors being significant.   However, these results suggest that the 

addition of filler effects each one of the fracture properties differently. 

  

  



 

Table 4: Statistical significance analysis for asphalt mastic fracture factors using fracture toughness as response.  The 
significance is based on a 95% confidence level. 

KIC- Fracture Toughness 

Predictor T P Significant? 

Constant 18.750 0.000 Yes 

Oil Type 3.920 0.000 Yes 

Concentration 0.520 0.606 No 

Filler Type -8.610 0.000 Yes 

Aging Type -0.750 0.456 No 

Oil Mod -0.300 0.762 No 

Replicate -0.970 0.337 No 

 

Table 5: Statistical significance analysis for asphalt mastic fracture factors using fracture energy as response.  The significance is 
based on a 95% confidence level. 

Gf- Fracture Energy 

Predictor T P Significant? 

Constant 15.140 0.000 Yes 

Oil Type 2.680 0.009 Yes 

Concentration 0.580 0.562 No 

Filler Type -9.220 0.000 Yes 

Aging Type -2.910 0.005 Yes 

Oil Mod 0.930 0.354 No 

Replicate -0.600 0.551 No 

 

Summary: 

From this analysis of the fracture properties of asphalt mastics it was determined that filler type and 

aging type have the highest effect on the resulting fracture response.  With regards to filler type, granite 

filler tends to result in slightly higher strains at failure in comparison with limestone filler.  This 

demonstrates the need to consider the aggregate type in conjunction with binder type when characterizing 

mastics as the filler type has a significant effect on the resulting performance which was also observed in 

the linear viscoelastic analysis.  The aging type was also considered to be significant as aging only the 

binder resulted in slightly higher strains at failure.  This indicates that the aging method should be 

considered when characterizing the material properties as aging just the binder, which is currently done in 

Superpave system, may result in slightly different performance than when the binder is in the asphalt 

mixture.  It was also demonstrated that the different fracture properties of mastics have different 

significant factors.  Overall, it was demonstrated that the addition of fillers has a dominating effect on the 



 

resulting fracture performance and that the binder properties tend not to dictate the mastic performance 

given the limited dataset in this analysis.      



 

6 Conclusions and Recommendations 

Using both linear viscoelastic and fracture testing approaches, this study evaluated the impact of oil 

modification on the resulting aging characteristics of asphalt binders and mastics.  Through this analysis, 

it was determined that oil modification has a large effect on asphalt binder aging mechanisms.  The 

effects of oil binder modification which are not similar between asphalt binders and asphalt mastics, have 

not been taken into account by current Superpave specifications.   

Overall Aging Resistance- Based on linear viscoelastic analysis, the addition of oil modifiers resulted in 

relatively small improvement in aging characteristics.  However, modification with certain oils such as 

refined waste showed large increases in aging, suggesting that the oil type, source, and concentration play 

a major role in overall performance.  The fracture analysis demonstrated that the addition of oil results in 

large differences with respect to the unmodified binder.  Nearly all of the oil modified binders 

demonstrated to have improved aging resistance in comparison to unmodified binders.  The only oil 

modified binder that didn’t show this same trend was the higher concentration of the refined waste which 

showed very poor aging resistance.  The higher concentration of the refined waste also showed poor aging 

resistance in BBR binder analysis which means that this oil modified binder has poor aging resistance in 

the binder phase.  Overall the effect of oil modification has demonstrated to be highly oil type and testing 

orientation (BBR vs SENB) dependent.  

Time of Aging- Oil modification demonstrated to drastically change when aging occurred in the observed 

aging range.  For the BBR analysis the oil modified binders tended to degrade more of the true grade in 

the beginning aging stage (RTFO to 1PAV) and less in the later stage (1PAV to 2PAV) in comparison to 

the unmodified version.   However, the SENB analysis demonstrated the unmodified binder tended to age 

at a more constant rate during this span while the oil modified binders tended to age more in the 

beginning (RTFO-1PAV) and less in the latter stage (1PAV- 2PAV).  Therefore it can be inferred that the 

BBR and SENB are measuring significantly different properties even though they are both used as an 

indication for low temperature performance.  The results also show that the oil modifiers are significantly 

changing the mechanisms of aging as the rates of aging at different points in the aging cycle are 

significantly different between unmodified and oil modified binders.   

Filler Presence/ Type- Both filler presence and type demonstrated to have a significant effect on the 

resulting performance.  The effect of filler presence revealed that the performance of mastics was not 

significantly correlated to the binder performance which indicates that an oil modified binder that 

performs poorly in binder testing may not necessarily perform poorly in the mixture phase.  Throughout 

the mastic analysis it was shown that the aggregate type had more of an effect on the overall performance 



 

than the binder type.  The results of this phase reveals a need for aggregate presence and type to be 

considered when characterizing binder performance.  

Base Binder Dependence- Multiple unmodified base binders were considered and this analysis revealed 

that the aging behavior of base binders can vary depending upon source and PG.  Although the overall 

effect of aging was relatively similar between all the analyzed binders, the time that aging occurs is 

variable as certain binders aged much more in either the initial aging period (RTFO to 1PAV) or latter 

(1PAV to 2PAV).  This demonstrates the need to consider both the aging properties of the base binder 

along with the aging effects of oil modification to effectively estimate the overall aging effects of an oil 

modified binder.   

Aging Type- The effect of the filler on the aging mechanisms was indicated to have a slight but 

statistically significant effect.  This demonstrates that if the filler is present during the aging process that 

the aging mechanisms of the binder will be altered and have significantly different performance 

characteristics. 

This study has clearly demonstrated that oil modification significantly changes the aging 

mechanisms of asphalt binder.  However in contrast to the hypothesis of this study, the overall aging 

susceptibility of oil modified binders tend to be actually better in comparison to unmodified asphalt 

binders.  Although most of the oil modifiers used in this study improved the aging resistance, it was also 

demonstrated that certain oils, refined waste in this case, at higher concentrations tend to significantly 

degrade the aging resistance.  This demonstrates that the effects of oil modification are not only oil type 

dependent but also oil concentration dependent.  It was also noted that the presence of filler and filler type 

play a large role in the resulting aging performance.  These factors suggests a need to incorporate 

variables such as oil modification and filler properties into the current asphalt binder characterization 

system as the current Superpave system doesn’t account for these factors even though significant changes 

can occur.  This study has also shown a need to study the aging mechanisms beyond 1PAV as well as 

both unmodified and oil modified materials experienced significant changes in properties after the 1PAV 

aging level which is currently used in the Superpave system to simulate long term aging.  It is also 

concluded that significant differences exist between the two low temperature characterization methods of 

linear viscoelastic and fracture mechanics.  Both of these test procedures have been successfully used to 

characterize low temperature performance, however further research should be conducted to indicate how 

each one of the parameters contribute to overall mixture performance.  Overall this study has concluded 

that oil modification tends to increase the aging resistance of asphalt binder however certain factors such 

as filler properties, oil properties, and testing approach should be considered to accurately predict aging 

performance. 



 

 

 

Recommendations for Future Work: 

In order to thoroughly understand the effects of oil modifiers with respect to asphalt aging, further 

research should be conducted to determine the sensitivity of filler volume fraction on the resulting mastics 

performance along with performance testing of asphalt mixtures.  Filler volume fraction analysis should 

be conducted as different mixtures have highly variable filler volume concentrations.  As shown in this 

study the addition of filler has a large effect overall aging performance but this relationship may change 

with different filler volume concentrations.  Also mixture performance testing should be conducted as this 

may determine if the effects of oil modification shown in the binder or mastic phase can be correlated to 

mixture performance and will also allow for a better understanding of which approach, SENB or BBR, 

results in better correlations to actual mixture performance as these two approaches resulted in some 

contradicting trends.  Also oil type is shown to have a large effect on the overall aging performance so 

more oils should be researched in order to get a better understanding of what components in the oil’s lead 

to better aging resistance.   
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