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h i g h l i g h t s

� The optimum SWF content is determined by conductivity, and microstructure tests.
� The induction heating method was processed on recycled asphalt mixes.
� The conductivity increases with an increase in steel wool fiber content.
� The healing performance is effective at a certain temperature.
� The rejuvenators with low viscosity are applicable to RAP in the healing process.
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a b s t r a c t

This paper evaluates the healing performance of recycled asphalt mixture modified with steel wool fibers
(SWF) using induction heating method. The optimum SWF content was determined through conductivity
and microstructure tests. The healing performance of SWF modified recycled asphalt mixture with differ-
ent rejuvenators and cooking oil waste was evaluated. The testing results shows that the presence of RAP
reduces the induction heating effectiveness due to the long-time oxidization and aging process. For the
self-healing purpose, it was suggested that an addition of certain rejuvenator or cooking oil waste with
low viscosity can enhances healing performance of the recycled asphalt mixture.

� 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Asphalt mixture can repair its minor damages with self-healing
ability [1]; however, the preparation process is very slow and
incompletely under service condition, weather and repeated traffic
loading [2]. Self-healing ability of bituminous mixtures showed to
be a prevailing topic in recent years. Many methods have been
investigated and developed to promote this potential phe-
nomenon, such as nanoparticles, rejuvenator encapsulation, and
induction healing. With the healing purpose, some researchers
have recommended the employment of the steel wool fibers
(SWF) into the asphalt mixture to enable the induction heating
technology. These studies confirmed that the additive conductive
plays an important role in healing performance of asphalt mixture.
To promote the use of conductive asphalt mixtures for induction

heating, many efforts were concentrated on adding fiber-type con-
ductive particles (e.g. steel fibers, steel wool fibers, iron powder,
carbon fibers). Vo [3] made an effort to improve the thermal prop-
erties of asphalt mixtures by using graphite and carbon fibers. The
results presented that carbon fibers and graphite fundamentally
enhance the thermal conductivity of asphalt mixtures. Garcia [4]
evaluated the influence of conductive fibers and fillers on induc-
tion heating rate of asphalt mastic. The results showed that the
fibers content and the ratio of sand–bitumen was directly related
to the induction heating rate. Apostolidis [5] used steel fibers
and iron powder to improve healing performance of asphalt mortar
with induction heating. It was concluded that thermal, electrical
conductivity and induction heating rate of asphalt mortar increases
with increasing SWF content. They also found that the combination
of iron powder and fibers exposed higher thermal conductivity
than single additive. These findings indicated that the steel wool
fibers with a small diameter and long length were a higher
enhancement of electrical conductivity than the big diameter and
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short length fiber. Furthermore, they suggested that ten percent of
the steel wool fibers by volume of asphalt binder is optimal con-
tent to acquire a high induction heating rate.

Regards to the utilization of reclaimed asphalt pavement (RAP),
this potential trend has become a huge attractive solution to many
highway agencies around the world due to the conserve energy,
environmental safety and sustainable development generated by
this technology. Across some developed countries, RAP has been
widely used as an alternated material into hot mixed asphalt
(HMA) to shorten the original aggregate consumption and to

Table 1
Particle size distribution of new aggregate.

Sieve size (mm) 19 12.5 9.5 4.75 2.36 0.6 0.3 0.15 0.075
Percent passing (%) 100 98 86 60 45 23 14 8 3

Table 2
Physical properties of asphalt binders.

Properties Standard PG64-22 PG58-28

Flash Point, COC, �C T48 265 260
Absolute Viscosity at 140�F (60 �C), Poises T202 2010 910
Penetration at 77 �F (25 �C), dmm T49 70 130
Specific Gravity at 60 �F (15.6 �C) T228 1.024 1.022

New aggregate was heat at 170 oC in 4 h before mixing

RAP, bitumen and steel wool fibers 
were heat at 170 oC in 2 h

Bitumen and steel wool fibers were 
heat at 170 oC in 2 h

1 h before mixing, rejuvenator was added 
to asphalt and thoroughly stirred 

Asphalt binder was mixed up with 
conductive additive in 60-120 secs 

to obtain well dispersion

The new binder was mixed with 
the aggregates in 90 secs at a 

constant temperature of 170 oC

After the mixing process, all materials 
were placed in the oven with a 

temperature of 140 oC in 2 h for aging

Determinate optimum steel wool 
fibers content

Evaluate the effect of rejuvenator on healing 
performance of recycle asphalt mixtures

The mixtures were then compacted using 
a Superpave Gyratory compactor with the 

target air voids of 4 percent 

+ 24 h curing at room condition 

6 semi-circular samples were cut from the 
cylindrical specimens.  

The compacted specimens were cut into 3 
equal and separate portions.  

Fig. 1. Mixing process.
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