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Aging condition

Exposure time (days)

Specimens Ml;lt)ure in an oven at constant Description
temperature (85 °C)
A0 0 New paved (unaged)
SCB at 25 °C-(Diameter 150 mm
and thickness 57 mm) A5 3 Simulating 5 years field aging
SCB at -20 °C-(Diameter 150 mm Al0 5 Simulating 10 years field aging
and thickness 25 mm)
AlS 7 Simulating 15 years field aging
A20 9 Simulating 20 years field aging
Mechanical properties
Test Specimen dimension (mm) Loading rate Test Num}) er of
temperature replicates
Semi-circular - Diameter 150 . o
SCB and thickness 57 mm 0.5 (mm/min) 25 °C 3
Semi-circular - Diameter 150 . o
SCB and thickness 25 mm 0.6 (mm/min) -20 °C 3
Microwave heating
Specimen Heating source Heating time Initial temperature
Semi-circular-Diameter 150 mm . o
and thickness 57 mm Microwave 120 s 25°C
Semi-circular- Diameter 150 mm Microwave 90 s 25 oC

and thickness 25 mm

Induced healing

Test Heating temperature Condition (Time/ Temperature) Initial temperature
SCB 90-100 °C 24 (h)/25 (°C) 25°C
SCB 90-100 °C 24 (h)/25 (°C) -20 °C

Table 1. Summary plan of testing
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Laboratory long-term

. Representative
oven aging at constant of filed aging reference
temperature 85 °C
Duration (days) D(l;a;?:)n
1 1 [20]
2 5 [21]
4 8 [22]
5 7.5 [23]
8 18 [22]

Table 2. Previous studies on long-term oven aging of asphalt
mixtures.
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Physical properties

Test Standard method Test results
Coarse aggregate specific gravity (g/cm?) ASTM C127 2.69
Fine aggregate specific gravity (g/cm?) ASTM C128 2.63
Los Angeles abrasion value (LAV) ASTM C131 22.2%
Sodium sulfate soundness (SS) ASTM C88 2.7%
Sand equivalent (SE) ASTM T176 70 %
Chemical composition (%)
SiO2 Fe203 ALOs CaO K20 MgO Na2O Other substances
60.5 1.75 14.59 5.86 2.51 1.45 1.68 11.66

Table 3. The physical and chemical properties of the aggregates.
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Asphalt binder properties

Softening point (°C) Flash point (°C) Fire point (°C) Ductility at 15 °C (cm)

52 232 320 +100
Asphalt binder compositions (wt %)
Saturates Naphthene-aromatics Polar-aromatics Asphaltene
18 41 22 19

Table 4. General properties of the asphalt binder.
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Physical characteristics

Appar_ent Specific Ash Iodm_e Methyl ene blue Mesh Moisture
Type density surface mass  absorption absorption number PH %)
(glem’)  area(m¥g) (%) (mg/g) (mg/g) °
Ariko- .
F1000 0.33-0.50 1050 <5 900 20 200x325  Alkaline <5
Chemical compositions (%)
C Nazo MgO A1203 SiOz PzOs S Cl Kzo CaO TiOz MnO F6203
95  0.017  0.59 0.18 0.75 0.18 0.075 0.018 127 1.84 0.0049 0.0043  0.065
Table S. The physical characteristics and chemical compositions of activated carbon.
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Fig. 3. Induced healing process of SCB test samples at -20 °C: (a) loading specimen until failure; (b) force-displacement obtain from
broken specimen; (c) relaxation of specimen to dry the moisture of specimen; (d) induced-healing under microwave radiation; (e)
relaxation to cool down and get ready for the next breaking-healing cycle.
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Abstract

Aging in asphalt pavements results in reduced serviceability and flexibility of pavements. Aging is not
commonly considered as distress, but it substantially affects the rate of evolution of various distresses. One
of the common distresses observed in aged asphalt pavements is cracking. If cracks/micro-cracks are healed
during their initial formation, the service life of the pavement will be increased. Otherwise, there will be the
risk of crack propagation that results in more cracking and loss of pavement strength. It is well known that
asphalt mixes have capability of self-healing their cracks/micro-cracks when they are exposed to high
temperatures. Cracks/micro-cracks in asphalt mixes can be healed through an induced healing process.
Induced healing of asphalt mixes by applying external electromagnetic radiation is an innovative technique
to repair cracks/micro-cracks. Applying external energy through electromagnetic radiation increases the
temperature of the asphalt binder in mixes, allowing it to move and fill the cracks/micro-cracks. Flowing and
crack filling of asphalt binder play a significant role in induced healing characteristics of mixes. As
temperature of the asphalt binder is increased, its viscosity will be decreased drastically. When asphalt
binder gets to Newtonian fluid temperature or higher, the melted binder moves inside the cracks and micro-
cracks and subsequently, the cracks will be healed. The aim of this research was to evaluate the effects of
different aging levels on induced heating-healing of asphalt mixes. In order to impose different aging levels,
asphalt mixes were aged in oven for 3, 5, 7 and 9 days at 85 °C. Activated carbon was used as an asphalt
binder modifier. In addition, effects of activated carbon on mechanical properties and microwave heating
rate of mixes were determined. Results indicated that activated carbon, as a powder-based additive, improves
electrical conductivity, induced heating-healing rate of asphalt mixes. In addition, it was shown that aging
phenomenon in asphalt mixes decreases their heating rate, which was more pronounced in higher aging
level. Lower heating rate of asphalt mixes resulted in lower efficiency of induced healing of mixes. For
evaluating healing capability of mixes that were subjected to different aging levels, semicircular bending
tests was conducted at intermediate and low temperatures. It presented that induced healing efficiency of
mixes decreased as the aging level and the notch length in semicircular bending specimens were increased.
The adverse effects of aging on induced healing process can be attributed to increased viscosity of the
asphalt binder in mixes, which limits moving capability of melted asphalt binders to move through damages
and properly heal the cracks. Moreover, it resulted that, lower heating rate of aged mixes can be considered
as another reason of reduction in induced healing efficiency. The results indicated that increased notch
lengths not only affects load at fracture and fracture energy of mixes, but also it plays a significant role in
induced healing efficiency of mixes. For further evaluation of the healing ability of asphalt mixes,
combination effects of aging, notch lengths and testing temperature parameters were also investigated. Notch
length and testing temperature was found to have significant effects on induced healing efficiency of mixes.
In addition, the results indicated that induced healing efficiency of low temperature cracked asphalt mixes
were more than that of asphalt mixes that were cracked at intermediate temperatures. The results suggest that
the necessity of considering aging level in analyzing induced heating-healing process of asphalt mixes.
Keywords: Induced heating-healing, Aging, Activated carbon, Semicircular Bending test, Electromagnetic
radiation.
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