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ABSTRACT:

The quality and life of pavement is 
greatly affected by the type of Wearing coat 
available. In India, most of the pavements used 
are asphalt pavements. Here we use self 
healing technology to reduce maintenance cost 
and other benefits. Self healing technology is 
a new field with in the material technology. It 
represents a revolution in materials 
engineering and is changing the way that 
material behave. Involving this new 
technology into the design process of road has 
the ability to increase the life span of roads and 
avoid the necessity of maintenance. By 
reducing the unnecessary premature ageing of 
asphalt pavements, self-healing asphalt can 
reduce the amount of natural resources used to 
maintain road networks, decrease the traffic 
disruption caused by road maintenance 
processes, decrease CO2 emissions during the 
road maintenance process and increase road 
safety. In addition to environment savings, 
self-healing technologies available for asphalt 
pavement design: nanoparticles, induction 
heating and rejuvenation. Here we use 
rejuvenation method. From this study, it is 
clear that there is considerable increasing in 
strength and can reduce the cost of 
maintenance by using rejuvenation method in 
asphalt pavements. 

I. INTRODUCTION 
In India, most of the pavements used are 

bituminous pavements. Here we use self-healing 
technology to reduce maintenance cost and other 
benefits. Self-healing technology is a new field with 
in material technology. It represents a revolution in 
materials engineering and is changing the way that 
material behave. Incorporating self-healing 
technology into the road design process has the 
potential to transform road construction and 
maintenance process by increasing the life span of 
roads and eliminating the need for road 
maintenance. By decreasing the unnecessary 
premature ageing of asphalt pavements, self-healing 
asphalt can reduce the amount of natural resources 
used to maintain road networks, decrease the traffic 

disruption caused by road maintenance processes, 
and increase road safety. In addition to environment 
savings, self-healing technologies available for 
asphalt pavement design: nano particles, induction 
heating and rejuvenation. 

 Road networks fulfil a major economic and 
social goal by facilitating the movement of goods 
and people. The operational health of the road 
network is of the utmost importance for national and 
regional economic and social life. As a result 
government invests heavily in the development and 
maintenance of national and regional road networks. 
The development and maintenance of road network 
is crucial for the growth and competitiveness of the 
national economy. 

 A typical modern road system comprises 
double or triple asphalt layers with an expected life 
span of 20 to 40 years. Recent research highlights 
the importance of developing long-life of pavements 
and reduces the maintenance. The development of 
self-healing asphalt and its use in road paving is an 
innovation that could potentially double road life 
span to between 40 to 80 years and could 
significantly reduce road maintenance activity. In 
comparison with current maintenance process, self-
healing asphalt has the potential to improve traffic 
flow, reduce demand for fresh aggregate, and 
enhance road safety.  

General concept 

 Asphalt pavement is a self-healing 
material. When subjected to rest periods, asphalt 
pavement has the potential to restore its stiffness and 
strength by closing the micro cracks that occur when 
the pavement is subjected to traffic loads. Research 
to date has focused on its autogenous healing 
properties. Crack repair in an asphalt pavement 
system occurs as a result of the wetting and Inter 
diffusion of material between the two faces of a 
micro-crack, to regain the properties of the original 
material. The three primary steps in the autonomous 
asphalt self-healing process are as follows. 

1. Wetting of the two faces of a micro-crack 
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2. Diffusion of molecules from one face to the other 

3. Randomization of the diffused molecules to reach 
the level of strength of theoriginal material. 

Factors affecting the strength and properties of 
Self-healing asphalt pavement: 

• Type of bitumen 

• Self-healing technique by rejuvenation with 
sodium alginate capsulation 

 Rejuvenation 

 Sodium alginate capsulation 
Application Areas: 

The variety and range of areas of application of this 
technique is unlimited. Some areas of application 
of the self-healing providing economical and 
technical benefits are: 

 Asphalt pavements 

 Arterial and sub arterial pavements 

 National highways and state highways 
Advantages and Disadvantages: 
 Advantages: 

 Low cost, 

 Increase in strength, 
 Organic – non-toxic, 
 Low impact on the environment. 
  

Objective of the project 

 To calculate the strength of bitumen 
increased/ decreased by adding of sodium 
alginate capsules. 

 To check whether there will be reduce in 
maintenance of pavement  

 so that maintenance cost will be reduced. 

 To calculate the life span  of self-healing 
asphalt pavement  

 To check whether the usage of the usage of 
this self-healing technique is eco-friendly. 

 To determine the percentage increase in 
strength. 

 

 
Scope of the work 

1. To show the improvement of the asphalt 
pavement due to inserting of rejuvenation 
and sodium alginate capsules. 

2. The variation among the various 
parameters related to strength is analysed.  

3. The study will enhance the improvement of 
self-healing asphalt pavement. 

4. To determine the strength and durability at 
which self-healing technique should be 
placed in order to attain maximum value of 
strength and to reduce maintenance. 

5. To determine the effect of rejuvenation. 

6. To compare the results with normal 
bitumen to self-healing bitumen.  

7. To determine the percentage increase in 
strength. 

 
II LITERATURE REVIEW 

 
Su and Schlangen and Gars’et al. 

demonstrated that various types of capsules 
containing rejuvenator can be produced and that 
these capsules are sufficiently thermally and 
mechanically stable to survive the asphalt 
production process. To date, the most successful 
capsule shells have been made of aprepolymer of 
melamine–formaldehyde modified by methanol 
(solid content78.0%) and the rejuvenator was an oily 
product . Figure 3illustrates the fabrication process 
of double-shell capsules containing rejuvenator by 
two-step coacervation (TSC). The efficiency of 
capsule fabrication is measured by amount of 
rejuvenator retained within the capsule.  

The highest efficiency achieved was 70%  
using the following production conditions: c Core/ 
shell ratio of 1:3, stirring speed 3,000 
revolutions/min and 2.0–2.5% by weight styrene 
maleic anhydride (SMA) copolymer dispersant. 
Figure 7 shows the SEM morphology of dried 
capsules with a core/shell ratio of 1:3 and an average 
shell diameter of 25 μm. The asphalt mortar films 
between aggregate particles in an asphalt pavement 
are found to be_50μm thick. To avoid being 
squeezed or pulverized during the asphalt pavement 
mixing and compaction processes, the size of the 
capsule needs to be less than 50 μm. 

However, Su et al.stated that capsules of 10 
μm and smaller are unsuitable for self-healing as 
they do not contain sufficient rejuvenator to 
rejuvenate the aged binder. The size of the capsule 
can be controlled by regulating the core/shell ratio 
(weight ratio between core and shell material). This 
can be achieved by modifying the pre polymer and 
the emulsion stirring rate. Figure 3 shows the 
morphology of bitumen containing varying capsule 
content (10–30% of total binder volume) and 
capsules of varying size (10– 30 μm). Figure3shows 
that capsules with a mean size below 10 μm tend to 
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congregate/attract as a result of the electrostatic 
attraction of tiny particles.  

Schlangen and Gars’ et al.. The principle behind 
this approach is that when micro-cracks begin to 
form within the pavement system, they encounter a 
capsule in the propagation path. The fracture energy 
at the tip of the crack opens the capsule and releases 
the healing agent. The healing agent then mixes with 
the asphalt binder to seal the crack, thus preventing 
further propagation. 

Su et al.stated that capsules of 10 μm and smaller 
are unsuitable for self-healing as they do not contain 
sufficient rejuvenator to rejuvenate the aged binder. 
The size of the capsule can be controlled by 
regulating the core/shell ratio (weight ratio between 
core and shell material). This can be achieved by 
modifying the pre polymer and the emulsion stirring 
rate. 

García A., Schlangen E., van de Ven M., Sierra-
Beltrán G., (2010), “Preparation of micro 
encpasules” he had study about the capsulation and 
stated that there is considerable increase in strength 
and reduce of maintenance for pavements by using 
rejuvenation as a self-healing technique. 

In this study, the suitability of rejuvenation and 
sodium alginate as stabilizers for increase in strength 
and reduce the maintenance cost of asphalt 
pavement was studied. . According to test results, 
the following outcomes can be summarized: 

1. Addition of rejuvenation and sodium alginate 
capsules had been used to increase the strength and 
to reduce maintenance. 

2. By adding this self-healing technique there will be 
decrease in viscosity and increase in strength. 

3. By adding materials, the result increased is double 
the value of normal bitumen in ageing. 

4. There will be increase in ageing of bitumen by self-
healing technique. 

5. Constant increase of strength by adding 
rejuvenation with sodium alginate. 

 

III: MATERIALS  

BITUMEN 
The bitumen is a natural constituent of most of crude 
petroleum oils. Different crude require different 
process conditions for the separation and production 
of bitumen. Normally the  

 

Properties of bitumen: 

The basic properties of bitumen are as follows: 

1. Adhesion with aggregates 

2. Durability 

3. Viscosity-temperature relationship 

REJUVENATOR: 
During the service life of a pavement, the 

volatile components of bitumen evaporate, and 
oxidation and polymerization can occur. As a 
result, the bitumen ages and loses some of its 
viscoelastic properties. Asphalt binder is a 
combination of Asphaltenes and maltenes 
(resins and oils). Asphaltnenes are more viscous 
than either resins or oils and play a major role 
in determining asphalt viscosity. The oxidation 
of aged asphalt binder during construction and 
service causes the binder oils to convert to 
resins and the resins to convert to asphaltenes, 
resulting in age-hardening and a higher 
viscosity than for fresh binder. Although this 
process is irreversible, the viscoelastic state of 
the asphalt mix can be recovered through the 
addition of either bitumen with a high 
penetration value or a rejuvenating agent such 
as a cationic emulsion. 

A rejuvenator is an engineered cationic 
emulsion containing maltenes and saturates. 
The primary purpose of a rejuvenator is to 
reduce the stiffness of the oxidized asphalt 
binder and to flux the binder to extend the 
pavement life by adjusting the properties of the 
asphalt mix. Some commercially available 
rejuvenating agents are Reclamite, Paxole 
1009, Cyclepave and ACFIterlene 1000. A 
recent study by Su et al. demonstrated that a by-
product of waste cooking oil (WCO) can also be 
used as binder rejuvenator. 

When cracks within the surface layer of an 
asphalt pavement are still in an early phase, it is 
possible to apply a rejuvenator to the wearing 
course to prevent further crack propagation and 
pavement failure. By applying the rejuvenator 
to the surface course, the lifespan of the asphalt 
pavement can be extended by several years; 
however, this only applies to the top few 
centimetres of the asphalt pavement. 

SODIUM ALGINATE CAPSULATION: 

The inclusion of a rejuvenator into the asphalt mix 
via capsules to restore the original binder properties 
is a self-healing method that has been studied by 
Suet al., Su and Schlangen and Gars’ et al.. The 
principle behind this approach is that when micro-
cracks begin to form within the pavement system, 
they encounter a capsule in the propagation path. 
The fracture energy at the tip of the crack opens the 
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capsule and releases the healing agent. The healing 
agent then mixes with the asphalt binder to seal the 
crack, thus preventing further propagation. 

 

 
Fig: An image of a compartmented alginate 

capsule  encapsulating rejuvenator. 

IV TESTS TO BE CONDUCTED 
 
PENETRATION TEST: 

It measures the hardness or softness of 
bitumen by measuring the depth in tenths of a 
millimeter to which a standard loaded needle will 
penetrate vertically in 5 seconds. BIS had 
standardized the equipment and test procedure. The 
penetrometer consists of a needle assembly with a 
total weight of 100g and a device for releasing and 
locking in any position. The bitumen is softened to 
a pouring consistency, stirred thoroughly and poured 
into containers at a depth at least 15 mm in excess of 
the expected penetration. 

 The test should be conducted at a specified 
temperature of 250C. It may be noted that 
penetration value is largely influenced by any 
inaccuracy with regards to pouring temperature, size 
of the needle, weight placed on the needle and the 
test temperature. In hot climates, a lower penetration 
grade is preferred. The Fig-1 shows a schematic 
Penetration Test setup. 

 
Fig:Shows a Schematic Penetration Test setup. 

 
DUCTILITY TEST: 

Ductility is the property of bitumen that 
permits it to undergo great deformation or 
elongation. Ductility is defined as the distance in 
cm, to which a standard sample or briquette of the 

material will be elongated without breaking. The 
bitumen sample is heated and poured in the mould 
assembly placed on a plate. These samples with 
moulds are cooled in the air and then in water bath 
at 270C temperature. The excess bitumen is cut and 
the surface is levelled using a hot knife. Then the 
mould with assembly containing sample is kept in 
water bath of the ductility machine for about 90 
minutes. The sides of the moulds are removed, the 
clips are hooked on the machine and the machine is 
operated. The distance up to the point of breaking of 
thread is the ductility value which is reported in cm. 
The ductility value gets affected by factors such as 
pouring temperature, test temperature, rate of 
pulling etc. 

 
Fig: Ductility test 

SOFTENING POINT TEST: 

Softening point denotes the temperature at 
which the bitumen attains a particular degree of 
softening under the specified condition of test. The 
test is conducted by using Ring and Ball apparatus. 
A brass ring containing test sample of bitumen is 
suspended in liquid like water or glycerine at a given 
temperature. A steel ball is placed upon the bitumen 
sample and the liquid medium is heated at a rate of 
50C per minute. Temperature is noted when the 
softened bitumen touches the metal plate which is at 
a specified distance below. Generally, higher 
softening point indicates lower temperature 
susceptibility and is preferred in hot climates. 

 

Fig: Softening point test 

Bring the specimens prepared with asphalt cement 
to be specified temperature by immersing in a water 
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bath for 30 minutes. Maintain the bath or oven 
temperature at 60℃ for asphalt cement specimens. 
Bring the specimens prepared with asphalt cutback 
to the specified temperature by placing them in the 
air bath for minimum of 2 hours. Maintain the air 
bath temperature at 25℃. 

 The testing head temperature shall be 
maintained between 20℃ to 38℃. Remove the 
specimens from the water bath, oven or air bath and 
place in the lower segment at the breaking head. 
Place the upper segment at the breaking head on the 
specimen and place complete assembly in the 
position on the testing machine. Place the flow 
meter, where used, in position over one of the guide 
rods and adjust the flow meter to zero while holding 
the sleeve firmly against the upper segment of the 
breaking head. 

 

Fig: Mixing of sample for Marshall Specimen 

INDIRECT TENSILE STRENGTH 

 The standard ITS test is used to test the briquettes 
under both dry and wet conditions.  The ITS is 
determined by measuring the ultimate load to failure 
of a specimen which is subjected to a constant 
deformation rate of 50.8 mm/minute on its 
diametrical axis according to ASTM D6931.   

The dry specimen procedure is as follows: 

 Bring the specimens to the test temperature 
of 25°C by placing the briquettes in a dry 
temperature control system at 25°C ± 1°C 
for at least 1 hour, but not for longer than 2 
hours before testing. 

 Remove a specimen from the air cabinet 
and place it into the loading apparatus. 

 Centre the briquette on edge on the lower 
loading strip.  Position the upper loading 
strip.  Take note of the alignment marks on 
the loading apparatus and position 
accordingly. 

 Position the assembly centrally under the 
loading ram of the compression testing 
device. 

 Apply the load to the specimen, without 
shock, at a rate of advance of 50.8 mm per 
minute until the maximum load is reached. 

 Record this maximum load, P (in N), 
accurate to zero decimal place. 

SEM ANALYSIS 

 
The SEM Analysis Process 

Checking Electron Microscopy utilizes an engaged 
light emission vitality electrons to produce an 
assortment of signs at the surface of strong 
examples. In most SEM microscopy applications, 
information is gathered over a chosen region of the 
surface of the example and a two-dimensional 
picture is produced that showcases spatial varieties 
in properties including synthetic portrayal, surface 
and introduction of materials. The SEM is 
additionally equipped for performing investigations 
of chose point areas on the example. This approach 
is particularly valuable in subjectively or semi-
quantitatively deciding substance sytheses, 
crystalline structure and precious stone 
introductions.  
 

 
Fig.: Specimen Dimensions 3cm X 2cm X 2cm 

 
V RESULTS 

Table: Requirements for physical properties of 
binder in mastic asphalt 
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Table: Optimum bitumen content 

 

 
Fig: Binder content and stability 

 
Fig: Binder content and flow value 

 
Fig: Binder content and air voids 

 
Fig: Binder content and VFB 

 
Fig: Binder content and specific gravity 

 
Table: Comparison of Total Strength Ratio at 

different % of capsules 

 

 
Fig: Comparison of Total Strength Ratio at 

different % of capsules 

Penetration Test: 

 Penetration value for bitumen is 67 
 Grade of bitumen is 60/70 
 
 Ductility Test: 

 Minimum ductility value for bitumen is 89cm. 
 

Softening Point Test: 

 Softening point Value for bitumen is 49℃ 
 So it can be used in warmer regions 

 
Marshall Stability Test: 

 Optimum bitumen content flow value is 7.9mm 
 

Indirect Tensile Strength: 
 Total Strength Ratio for normal Specimen is 

110 
 Total Strength Ratio for the specimen at 5% 

capsules is 133.38 
 Total Strength Ratio for the specimen at 10% 

capsules is 102.66 
 
 
DISCUSSIONS: 
 By using capsules we can increase the strength 

of pavement 
 When compared to normal pavement we can 

increase 20% of strength 
 Increasing of capsules strength will be 

decreases 
 By using 5% of capsules strength will be 

increases 
 If we increase percentage of capsules 

segregation will occurs 
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SEM ANALYSIS 

 
Fig.: Images of the inner structure of capsules 
(a) Capsule cross-section; (b) calcium-alginate 

structure in core. 

 

Fig.: Asphalt specimen with capsules 

 

Fig.: A crack healing due to the effect of 
capsules 

 

Fig.: fluorescence microscopy of the example 

with various mending times (0, 3 and 8 h). In 

view of checking electron magnifying 

instrument examination the example split will 

be recuperated at 8hrs under 40°C. 

CONCLUSION 

 
In the present study, self-healing pavement is 
evaluated in terms of their strength, durability in 
this research are summarized below: 

 The strength increased up to 25% by 
adding 5% of sodium alginate capsules. 

 There is considerable reduce in 
maintenance of pavement so that 
maintenance cost will be reduced. 

 The life span of self-healing asphalt 
pavement had been increased up to 2 times 
of normal asphalt bitumen 

 The usage of this self-healing technique is 
eco-friendly. 
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