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Abstract 

Properties of asphalt concrete after aging are important parameters in determining the long-term performance of these materials. With the popularity 
of reduced temperature mixtures the question remains how this reduced temperature in short-term aging affects the long-term properties. This paper 
focuses on developing a robust and fundamental understanding of the effect of temperature on aging by connecting the chemistry of bitumen to its 
mechanics. To this end, round robin experiments are being currently conducted within 8 laboratories using four binders of the same grade 70/100 pen 
from different crude sources. In developing chemo-mechanical characterization techniques at the nano- and micro-scale, the material’s variability from 
crude-source to crude-source and its sensitivity to temperature needs to be taken into consideration. Furthermore, the development of uniform speci-
men preparation procedures for these bituminous materials at the nano- and micro-structural level is the focus. The chemical characterization is per-
formed using Fourier transform infrared spectroscopy (FTIR). For the mechanical characterization rheological data is used using the dynamic shear 
rheometer (DSR) as well as conventional tests, e.g. needle penetration and softening point using the ring and ball method. It is shown that the short-
term aging temperature affects the increase in softening point, while the consequent effect on long term aging is less pronounced. 
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1 Introduction 

Bituminous materials can have very different long-term 
properties, depending on the source they come from and 
production refining process. Yet most of the research 
towards enhanced properties of bituminous materials is 
largely split into separate efforts towards understanding its 
chemistry or its mechanics. Connecting these two research 
fields into a joined chemo-mechanical understanding could 
lead to major improvements in the material.  
Since the long-term response of asphalt mixtures under 
varying environmental (i.e. moisture, UV and oxygen) and 
mechanical (i.e. traffic) loading is crucial, having a 
fundamental understanding of the combined chemo-
mechanical properties can greatly enhance the material’s 
sustainability and functionality. Thus, in developing chemo-
mechanical characterization techniques at the nano- and 
micro-scale, the material’s variability from crude-source to 
crude-source and its sensitivity to temperature and aging 
need to be taken into consideration. 
 
 

 
The goals of this cooperative research effort are: 

i. Identifying chemo-mechanically coupled properties 
of selected bituminous materials (literature study, 
state of the art, STAR);  

ii. Quantifying dominant parameters of the selected 
chemo-mechanical properties by following uniform 
experimental testing procedures (round robin tests); 

iii. Developing and testing the influence of specimen 
preparation techniques (round robin tests); 

iv. Recommending appropriate tools and techniques for 
the chemo-mechanical characterization (recommen-
dations). 

The identification of the chemo-mechanically coupled prop-
erties that are investigated was based on a literature survey 
of the existing knowledge in the bituminous materials field 
as well as other building and non-building materials as out-
lined in (i) above. At a first stage, properties were selected 
and the appropriate chemo-mechanical experimental pro-
cedures were chosen. To this end, specimen preparation and 
test protocols were refined as outlined in (ii) and (iii) above. 
This will lead to detailed recommendations for improved and 
potentially new standards as outlined in (iv) above.  
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In order to achieve these goals a series of round robin tests is 
currently in progress and the preliminary results are pre-
sented here. The round robin tests aim to analyze the impact 
of temperature on accelerated laboratory aging simulating 
short- and long-term aging (referred to as short and long 
term aging hereafter) in the lab for one type of asphalt bind-
er (70/100 pen) from different crude sources. The motiva-
tion for this work is the technology for temperature-reduced 
mixtures (warm-mix asphalt WMA), which has gained im-
portance in recent years. There is an on-going scientific 
debate on whether temperature reduction for asphalt mix-
ture production, which leads to reduced short-term aging, 
brings additional benefits in terms of reducing long-term 
aging. 

2 Microstructural considerations  

Research done by the authors has shown that there is a 
change in the microstructure with increasing temperatures 
[1, 2]. Furthermore, different phases vary in physical state (at 
different T) and different chemical compositions (Figure 1). 
This means that those parts of the binder which are forming 
the solid elastic phase will age differently than other parts 
forming the viscous continuous phase. However, almost all 
artificial aging techniques use elevated temperatures 
(  ̴60  °C) above which microstructure disappears. By aging 
thin films of binder in an oven at 163 °C, the rolling thin film 
oven test (RTFOT) simulates short-term aging in the 
laboratory that represents aging before the material is 
placed in the road [3]. The pressure aging vessel (PAV) uses 
temperature of    ̴90 – 110 ˚C and a pressure 2.10 MPa to 
simulate long-term aging in the laboratory [4]. Thus, the 
material in the artificial aging state is completely different 
from that at a temperature below   ̴80 ˚C (e.g. roads). 
Consequently, in developing future standardized aging tests, 
it should be noted that useful conclusions from aging 

experiments with respect to performance may only be 
possible while performing such experiments in a 
temperature range where still microstructures are present. 
In addition, the RTFOT test should be used to study aging 
during mixing with fillers and aggregates, as these 
components also have a significant effect on the short-term 
aging. However this also adds an extra level of complexity to 
an already complex phenomena. 

3 Outline 

The round robin tests currently in progress compare changes 
in mechanical and chemical characteristics of samples due to 
RTFOT aging at 3 different temperatures as well as changes 
due to subsequent standard PAV aging. The mechanical 
analysis comprises standard tests: penetration [5], softening 
point ring & ball [6] and dynamic shear rheometer (DSR) 
testing. Chemical analysis is carried out using attenuated 
total reflectance fourier transform infrared spectroscopy 
(ATR-FTIR). Each lab runs the test program for at least the 
standard RTFOT temperature, 163 °C and one additional 
temperature selected between 123 °C and 143 °C, to keep 
the work load within reasonable limits. In parallel, asphalt 
mixtures will be produced with one of the employed binders 
at one participant lab at a reduced temperature by using 
foamed binder and at another participant lab at standard 
temperatures with the virgin binder. The binder will be 
extracted from both mixtures and compared to the results of 
lab-aged binders using RTFOT at different temperatures. 
Furthermore, there will be a comparison of RTFOT and PAV 
with field aging. The experimental program for the binder 
phase is shown in Figure 2. 
 
 

 
Figure 1. Microstructural changes with increasing temperature [1]. 
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Figure 2. Experimental program of the round robin tests for binder evaluation. 

 

4 Materials 

Four samples of 70/100 pen-graded binders were provided 
from four suppliers. Each participant received 2.5 kg of 
binder sample. This allows comparison of relevant 
characteristics of bitumen from different crude sources.  

5 Preliminary results 

Figure 3 shows preliminary results of the complex modulus 
at different temperatures for one of the tested binders. It 
can be seen that the complex modulus of the RTFOT-PAV 
aged sample is considerably higher at all tested 
temperatures indicating aging and stiffening of the RTFOT at 
163 °C and PAV aged binder. Furthermore the complex 
modulus of the virgin binder is the lowest followed by the 
RTFOT at 123 °C and 163 °C. This indicates that the lower 
temperature of the short-term aging procedure has a direct 
effect on the rheological properties of the binder. What 
remains to be seen is if this also manifests itself into reduced 
aging after PAV. 

Figure 3. DSR results for Bitumen 70/100 at different aging levels. 

 
Additional testing, run on a single bituminous binder with 4 
different RTFOT temperatures from 123 °C till 183 °C 
followed by PAV, can show the relative changes of these 
properties. As an example, Figure 4 shows the change in 
softening point vs. temperature, indicating that the RTFOT 
temperature affects the increase in softening point, while 
after PAV this difference is less pronounced.  

 
Figure 4. Softening point change with RTFOT temperature. 

In order to characterize chemical changes in the binders as a 
result of oxidation due to artificial aging, ATR-FTIR was used. 
ATR-FTIR measurements allow the identification of certain 
functional groups in bitumen. From this measurement 
Carbonyl and Sulfoxide Indexes are determined by the area 
method, respectively between 1660-1753 cm-1 and 1047-
995 cm-1 [7]. Figure 5 shows the results of the FTIR analysis, 
indicating the increase in the Carbonyl Index, ICO and the 
Sulfoxide Index, ISO. These first results show that the binder 
tested shows limited increase of ICO and ISO at lower 
temperature after RTFOT aging, whereas after PAV aging, 
similar values were seen regardless of the RTFOT 
temperature. 
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Figure 6 shows the complex modulus of one of the binders in 
virgin state, after RTFOT and PAV aging as well as the 
recovered binder from the field samples that were in place 
for four years, indicating that at the same modulus the phase 
angle has shifted towards smaller values of phase angle 
indicating loss of the viscous part and increase in the elastic 
part of the complex modulus. The values of the four year 
field-aged samples with a void content of about 2.5 % are 
between those of lab-aged and virgin samples, showing a 
more severe aging by the laboratory procedure in 
comparison to the four-year field aged sample. However, it 
should be noted that the field samples are rather dense and 
aged mostly in the first few millimetres. In order to make a 
more proper comparison this top layer only should be 
investigated. 

 
Figure 5. Aging characteristics using FTIR showing the oxidation of 
the carbonyl and sulfoxide functional groups. 

 
Figure 6. Black diagram showing the complex modulus vs phase 
angle of original binder laboratory aged (RTFOT+PAV) and recovered 
field sample. 

6 Preliminary conclusions 

The work has shown that there is a connection between the 
microstructure, the chemical characteristics and the 
mechanical characteristics of bituminous binders. 
Understanding all three aspects allows a holistic 
understanding of the material behaviour and exploring 
avenues for its improvement. It was shown that the short-
term aging temperature affects the increase in softening 
point, while the consequent effect on long-term aging was 
less pronounced. 
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