
 

14 

ICTS32830112020-AC1007 

 

 

Third International Conference on Technical Sciences (ICST2020), 28 – 30  November 2020, Tripoli - Libya 

Laboratory Performance of Asphalt 

Mastics Subjected To Different 

Acceleration Ageing Conditions 
                  

Abstract—Sustainable asphalt road construction, proper 

selection of materials is of great importance. The durability 

of the asphaltic concrete structure is found to be strongly 

influenced by inappropriate use of materials as well as their 

physical, chemical and rheological conditions of the 

surroundings. This study was initiated to utilize the 

developed asphalt mastics consisted of base binder 60/70 

blended with 5, 10, 15, and 20 % of Calcium Carbonate 

(CaCo3) with by-product material Treated Palm Oil Fuel 

Ash (TPOFA) or Ordinary Portland Cement (OPC) by mass 

of binder to improve the asphalt mastics as well as pavement 

performance. The main objective of this paper is to study 

the properties of asphalt mastics subjected to different 

acceleration ageing conditions. 

Fourier Transform Infrared Spectroscopy (FTIR) and 

Multiple Shear Creep Recovery (MSCR) were used to 

evaluate the specimens. The results show that significant 

differences can be observed between unaged or RTFOT 

aged samples and PAV aged samples in terms of Carbonyl 

Index, but not in terms of Sulfoxide Index. Based on the 

Jnr results and recovery percentage (R %), higher content 

improved the asphalt mastics recovery and have relatively 

lower Jnr under all test conditions, this indicates less stress 

sensitivity and yielding better resistance to rutting. 
Keywords—Asphalt Mastics, Ageing, FTIR, MSCR, TPOFA. 

I. INTRODUCTION 

The performance of asphalt mastics contribute 
significantly to the major distresses of asphalt pavements. In 
the construction of sustainable asphalt pavements, proper 
selection of materials can be a challenging task. "Mastics" is 
used to describe the blend of asphalt binder with the filler. It 
generates a lot of interest because the glue for the larger 
aggregate is indeed the mastics more than the neat binder. 
The type and amount of filler are found to have a significant 
influence on asphalt mastics behaviour. The behaviour of 
asphalt mastics can be divided into three reinforcement 
mechanisms: volume-filling reinforcement, physical-
chemical reinforcement, and particle interaction 
reinforcement [1]. The viscosity of asphalt mastics is 
affected by several parameters such as filler concentration, 
particle shape and size distribution, bitumen type, filler-
bitumen interaction and temperature. Furthermore, the  

 

improvement of control on these parameters can lead to 
better-designed asphalt mastics, optimized asphalt mixture 
workability and enhanced long-term pavement 
performance[2]. Although the mechanism of ageing of 
asphalt binder is very complex and the continuous ageing 
process has changed the structure and composition of asphalt 
binder and has influenced its rheological and chemical 
properties [3].  From a chemical point of view, asphalt 
binders are sensitive to environmental non-load related 
actions, mostly oxidative ageing [4]. The oxidative ageing of 
asphalt binder occurs in two main stages: in short-term 
(RTFOT) during asphalt mix production while mixing binder 
and aggregates at elevated temperature, transport and 
compaction; and in long-term (PAV) when the asphalt mix is 
in service over time in a pavement structure[5]. Several 
methods have been used to analyse the chemistry of asphalt 
binders, amongst these techniques, FTIR is a popular method 
to investigate changes in the chemical composition due to 
oxidative ageing [6]. In general, the objective of absorption 
spectroscopy is to gain information on how much a given 
infrared radiation at a certain wavelength range from 4000 to 
400 cm-1. The different visco-elastic properties of the 
resulting bitumen directly impact the properties of the mastic 
and subsequently the asphalt mixture [7]. The carbonyl 
functional and sulfoxide group have been used to 
characterize the level of bitumen oxidation. Changes in these 
chemical groups can then be correlated to changes in the 
rheological properties and allow for a better understanding of 
chemo-mechanical coupling [8]. MSCR has been 
demonstrated to be easy to perform in the laboratory using 
modern Dynamic Shear Rheometer (DSR) equipment at the 
expected service temperature of the pavement surface layer, 
it’s shown a better correlation to full scale and field 
deformation of asphalt mixtures. The creep compliance at 
(0.1 kPa, 3.2 kPa), is the primary output from the MSCR test, 
it’s indicative of shear stress deformation. Another parameter 
is the Average Recovery [9]. This paper focuses on the 
characteristics of the asphalt mastics subjected to different 
acceleration ageing conditions.  

II. MATERIALS 

A conventional binder grade 60/70 was used and Table 1 
summaries the properties of the base binder [10]. 
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TABLE 1. PROPERTIES OF BASE BINDER [10]. 

Ageing Condition Property Values 

Un-aged 

Penetration (dmm) 63 

Softening Point (ºC) 48 

Ductility at 25ºC (cm) 115 

Relative Density at 25ºC 1.03 

G*/sinδ at 64ºC (Pa) 1621.40 

Short-Term Aged G*/sinδ at 64ºC (Pa) 3584.20 

Long-Term Aged G* sinδ at 25ºC (MPa) 4.51 

 

     The 60/70 asphalt binder was separately blended with 5, 

10, 15, and 20 % of CaCO3 + TPOFA or OPC by mass of 

binder were used as filler to prepare the mastics as shown in 

Table 2. Raw POFA was collected from a nearby palm oil 

mill in Nibong Tebal, Penang, Malaysia. The POFA sample 

was heated and then subjected to the second stage grinding to 

form TPOFA.  

TABLE 2. ASPHALT MASTIC PREPARATION 

Binder 
Filler  

Type 

Filler 

Content 

(%) 

Description Designation 

60/70 - 0 - Control 

60/70 

Calcium 

carbonate 

+ 

Ordinary 

Portland 

Cement  

5 
3.75 % CaCO3+ 
1.25% OPC 

CO5 

10 
7.50 % CaCO3+ 

2.50 % OPC 
CO10 

15 
11.25% CaCO3+ 
3.75% OPC 

CO15 

20 
15% CaCO3+ 

5% OPC 
CO20 

60/70 

Calcium 

carbonate  

+ 

Treated 

Palm Oil 

Fuel Ash  

5 
3.75 % CaCO3 
+1.25%TPOFA 

CP5 

10 
7.50 % CaCO3+ 

2.50 % TPOFA 
CP10 

15 
11.25% CaCO3+ 
3.75% TPOFA 

CP15 

20 
15% CaCO3+ 

5%  TPOFA 
CP20 

III. SAMPLE PREPARATION AND TEST METHODS 

For preparing the modified binders, about 800 g of the 
binder was heated to liquefy in a 2 litter capacity metal 
container. Upon reaching 145±5°C, the proportion of fillers 
(OPC or TPOFA) by 5%, 10%, 15% and 20% of mass of 
binder were added to the base binder in a high shear mixer 
for 30 min at 3100 rpm throughout the mixing process. 
These mastics were then artificially short-term aged 
according to ASTM D2872 procedures via the Rolling Thin 
Film Oven (RTFO) at 163°C for 85 minutes. Subsequently, 
the Pressure Aging vessel (PAV) was used to subject the 
binder to long-term aging according to ASTM D6521 
procedures at 100°C for 20 hours [11]. 

A. Fourier Transform Infrared Spectroscopy  

The Fourier Transform Infrared (FTIR) spectroscopy test 
is commonly used to detect the infrared absorption of 
samples to determine its chemical characteristics. The test 
was conducted at the School of Materials and Mineral 
Resources Engineering, USM using the PerkinElmer 
spectrum one apparatus as shown in Fig. 1. The test was 
carried out on a 25 mm sample diameter, 1 mm thickness and 
scanned with 5% iris with a resolution of 4 cm-1 at 
wavelengths ranging from 550 to 4000 cm-1. The changes in 

the chemical functional groups due to ageing were 
characterised within 1700 to 1030 cm-1 wavelength which 
corresponds to carbonyl and sulfoxide, respectively. 

 

Fig. 1. Spectrometer PerkinElmer Device 

B.  Multiple Stress Creep and Recovery 

The MSCR test was carried out on short-term aged 
samples using Dynamic Shear Rheometer (DSR) device as 
shown in Fig. 2, according to ASTM D7405 procedures. 

 

Fig. 2. DSR Equipment 

 The non-recoverable compliances (Jnr) and percent 
recoveries (R %) were calculated at each stress level using 
Equations“(1)”, “(2)” respectively. 

              Jnr  = 

ε10 

                             () 

τ 

      R% = 1/10 ∑ εr

𝑛=10

𝑛=1

                  () 

 

Where: 

Jnr      = Non-recoverable compliances 

τ        = Shear stress level (kPa) 

ε10    =       Shear strain at the end of 10 second of loading 

R%    = Average percentage of recovery (%) 

εr          = 
Recovery after one cycle of loading  

IV. RESULTS AND DISCUSSION 

A. Evaluation of Rutting Resistance Based on MSCR Test 

The results illustrate that stress levels have a significant 
effect on Jnr at 64℃ as shown in Fig. 3. Samples with higher 
CP content have relatively lower Jnr under all test conditions 
compared to CO indicating better resistance to rutting. This 
implies that as asphalt mastics content increase, the 
difference between Jnr become more distinct.  Higher filler 
content stiffness the asphalt mastics more, hence more 
rutting resistance. The Jnr increase significantly when 



 

16 

ICTS32830112020-AC1007 

 

 

subjected to 3.2 kPa stress level. This indicates that the 
asphalt mastics rut much more at higher stress level 
compared to lower stress level. Fig. 4 exhibits the effects CO 
or CP contents on R%. The results show that the R% 
subjected to 0.1 kPa is higher than those subjected to 3.2 
kPa. Furthermore, high CO or CP contents has slightly 
improved the asphalt mastics recovery. Meanwhile, the 
addition of low filler content has no noticeable effect on the 
recovery. These effects are more obvious for asphalt mastics 
tested at 0.1 kPa indicating higher tendencies to recover upon 
relief of stress. The addition of CO or CP has substantially 
increased the R% except for the most critical test conditions 
at 3.2 kPa. It has remarkably decreases the Jnr as compared 
with the base binder. 

 

(a) CO 

 

(b) CP 

Fig. 3. Jnr of Asphalt Mastics under Different Stress Levels 

 

(a) CO 

 

(b) CP 

Fig. 4. R% of Asphalt Mastics under Different Stress Levels 

B. Characterise the Molecular Bonds of Asphalt Mastics 

Fig. 5 illustrates the infrared spectrum for base binder 
which exhibit significant increase for both sulfoxides and 
aromatics due to the ageing conditions. The peaks observed 
within the region have been used as indicators for the 
formation of oxidation products. The peaks at 1376 cm-1 and 
1455 cm-1 are considered as the reference of binder 
characteristics. By measuring the areas of the IR bands, the 
relative amounts of aromatic compounds and sulfoxides 
formed due to ageing could be assessed. 

 

 

Fig. 5. Infrared Spectrum of Base Binder 

The molecular absorption is crucial in identifying the 
functional groups within binder to asses ageing. The ageing 
development has been characterised using oxidation indices 
IS and IC of un-aged, STA and LTA of base binder as shown 
in Table 3. 

TABLE 3. OXIDATION INDICES OF BASE BINDER 

Indices Ageing Conditions 

Un-Aged STA LTA 

Is 0.202 0.241 0.267 

IC 0.106 0.165 0.148 
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The carbonyl and sulfoxide indices (IC and IS 

respectively) increase evidently with ageing conditions. This 

is a consequence of an increase in content of the most polar 

component in asphalt binder. Observed similar findings 

where the increases in functional groups are also associated 

with ageing intensity conditions, accompanied by the 

hardening of asphalt binder [6, 12]. Fig. 6 show the infrared 

spectra CP for the unaged, STA, and LTA conditions in the 

range between the wavelength numbers of 900 cm-1 and 

1800 cm-1, respectively. Quantitative analysis of IR spectrum 

of the sample is based on a relative comparison of the 

absorption peaks characterising ageing indicators. The results 

shows that the spectra of ageing of asphalt mastics exhibits 

higher absorbance for all selected spectral band. During 

ageing, asphaltenes increases due to oxidation reaction. It 

can be seen the absorbance increased with CP content. With 

addition high contents, the absorbance slightly reduced. This 

indicates the high content of asphalt mastics potential to 

reduce the oxidation as the result of ageing. On the other 

hand, the result shows compatibility of asphalt mastics 

content with the base binder (control) except the absorbance 

peak. The similarity in terms of symmetry of FTIR results 

indicates that there was no significant variation in the 

functional group. Similar observation was found on asphalt 

binder modified with WMA additives at spectral band of 

1598 cm-1 [13]. 

 

(a) Unaged 

 

(b) Short-Term Aged 

 

(c) Long-Term Aged 

Fig. 6. Characteristic Peaks around the Aromatics and Sulfoxides for CP 

V. CONCLUSIONS 

The results from this laboratory study indicated that the 

inclusion of CaCo3 with TPOFA significantly altered the 

infrared spectra and rheological properties of asphalt mastics, 

which may lead to the improvement of pavement 

performance. The FTIR test results indicated that there was 

no significant variation in the functional group. Thus, there 

was no effect of the compatibility of asphalt mastics with the 

control. However, ageing increased the absorbance as a 

result of oxidation. Furthermore, CP contents have relatively 

a lower Jnr under all test conditions compared to CO. Based 

on the Jnr results and recovery percentage (R %), higher 

content improved the asphalt mastics recovery. Thus, this 

indicates less stress sensitivity, yielding better resistance to 

rutting. Additional research is needed to improve knowledge 

of the relationship between the chemical oxidative process of 

asphalt mastics and the evolution of asphalt mixtures 

properties. 
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