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ABSTRACT

Roadways play a main role in the development of the countries and societies by providing the essential
links between the different parts of the country, to facilitate the transport of goods and movement of
people. Compaction is one of the most critical factors associated with the performance of asphalt
pavements. When the asphalt content is too high, the compact of mixture might too easily, moreover
resulting in low air voids. When the asphalt content is too low, the compact of mixture may be stiff and
difficult to the specified density. Asphalt pavements are constructed with initial air voids of 6-8 %
depending on the type of mixture and pavement layer. Asphalt mixtures has high air voids content
during constructed, it is expected to reduce and this densification can be considered as a predominant
cause of rutting during initial periods of traffic. Due to air voids reduction, the material becomes stiffer
leading to increase rut resistance. Such increase could also be contributed due to age hardening of the
material. Inadequate compaction is one of the leading causes of early deterioration and failure of these
pavements. The purpose of this paper is to review the importance and the effect of air voids on asphalt
pavement lifespan. The result indicated poor compaction of the mix will leave a high percentage of air
voids making it susceptible to moisture infiltration and cracking. Conversely, over compaction may
cause mixes to have very low air voids making it subject to asphalt bleeding in hot weather

environments.
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1 Introduction

Road pavements are one of the largest infrastructure components in most of the developed
nations of the world and vitally important to a country’s economic development. The
construction of a high quality road network directly increases a country’s economic output.
Roads are constructed to provide fast and safe access between important cities, the
construction process will have the added effect of stimulating the construction market [1].
Everything in the life has limited age. For road pavements, wearing surfaces have a life

expectancy of between 10-20 years [2]. Asphalt concrete pavements have a short life cycle [3].
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Fatigue damage is one of the primary distresses in asphalt concrete pavements besides thermal
cracking and rutting [4]. Asphalt consists of four main materials: bitumen, aggregate, fillers
(fine particles) and air. Asphalt without sufficient air entrapped in the layer will deform under
traffic and result in a rutted and rough surface. Field air voids represent the amount of
entrapped air in an asphalt layer that has been placed on-site. The objective of asphalt mix
design is to achieve an asphalt mix with the lowest practicable air voids without compromising
long term performance. Too many air voids and the asphalt becomes permeable to water and
air, which causes reduced service life. Too few air voids and the asphalt becomes rutted and
deformed under trafficking [5].

Porous asphalt is designed to provide the optimum functional and structural performance
particularly the mixture’s permeability, modulus and durability. However, these properties are
not proportional. High air void content provided in the mixture will improve the permeability

but reduces its modulus and durability [0].
2 Compaction Importance and Pavement Performance

Construction of high quality roads can help minimize pavement distresses such as rutting,
cracking, and other forms of distresses, and improve the long-term performance of the
pavement [7]. Compaction is one of the most important factors affecting the performance of
asphalt pavements. The asphaltic layer is the most susceptible layer as it is in direct contact
with the environment and traffic [8]. The volume of air in a pavement is important because it
has a profound effect on long-term pavement performance [9]. Compaction is the process by
which the asphalt and aggregate are compressed into a reduced volume. It is generally
conceded that the compaction of asphalt concrete is one of the most critical factors associated

with the performance of flexible pavements [10].
2.1  Stability

Stability can be defined as the resistance to deformation of an asphalt concrete pavement when
subjected to traffic loadings under a variety of environmental conditions. A stable pavement
maintains its shape and smoothness under repeated loading. In general, the stability increases
as density increases with air voids decrease [13]. In this case stability is reduced by five or

more points for each percent decrease in air voids [10].
2.2 Durability

The durability of asphaltic concrete has been defined as the resistance to weathering and the
abrasive action of traffic (These factors can be the result of weather, traffic or a combination
of the two). Good durability can be described as the ability to provide long-term performance
without premature cracking or ravelling [10] [13]. The durability of asphalt concrete is largely
a matter of the durability of the asphalt cement. Reduction in penetration or increase in
viscosity with time. Research has shown that for a given asphalt the rate at which an asphalt

hardens is related to the total air voids in the asphalt concrete. If the volume and
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interconnection of voids in a pavement is such that water is transmitted to the base course,

the pavement may fail due to loss of strength in the base material [13].
2.3  Rutting

Figure 1 shown that at low air voids (less than 2%) the binder almost totally fills the void space
between the aggregate particles, so that the mix acts as a fluid and is less resistant to rutting
when subjected to heavy traffic. Poorly compacted mixes also have less resistance to rutting

due to a weaker structure under traffic.
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Figure 1: Relative Rutting Rate vs Air Voids
2.4  Fatigue Life

The air void content is important on the fatigue behaviour of asphalt concrete. Previous
studies results show that high air void contents produce mixes with comparably short fatigue
lives. These data suggest that variations in air void content create greater changes in fatigue
life [13]. Laboratory investigations indicate that the fatigue life of asphalt concrete could be
reduced by 35 percent (or more) for each one percent increase in air voids [10]. Fatigue life or
resistance to cracking under repeated load, is directly proportional to the compaction level,
Figure 2 shows results of fatigue testing. In this case an increase of air voids from 5% to 8%

has resulted in a 50% reduction in fatigue life[15].
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Figure 2: Relative Fatigue Life vs Air Voids
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2.5  Strength or Stiffness

Stiffness has been shown to be dependent upon density. The investigators presented the
stiffness increases with density suggesting that a more dense mixture results in greater load
supporting capabilities of the material [13]. The structural strength of an asphalt mix as
measured by its stiffness or modulus, is also related to compaction level. Figure 3 shows
strength relative to 5% air void. In this case an increase in voids from 5% to 8% has resulted
in a 20% reduction in stiffness or load carrying capacity [15].
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Figure 3: Relative Strength vs. Air Voids

2.6  Flexibility

The flexibility of an asphalt paving mixture is defined as the ability of an asphalt pavement to
adjust or the ability of the mixture to conform to long-term variations in base and subgrade
elevations. In general, those mixtures of acceptable stabilities with high asphalt contents and
high air voids will produce mixtures with the greatest flexibility without cracking [13].

Sometimes the need for flexibility conflicts with stability requirements. For example, an open-
graded mixture, which is generally more flexible, is designed to be water permeable. A dense

graded mix is relatively impermeable, but is less flexible. Both can affect stability.
3 Factors effecting compaction

The purpose of compacting asphalt pavements is to density the asphalt concrete and thereby
improve its mechanical properties as well as to provide a watertight segment for the underlying
materials in the pavement structure [13].

Asphalt compaction is a densification process during which air voids are reduced and
compaction in the field is commonly performed using vibratory compactors through the
application of combined static and dynamic forces. It is necessary to reduce the air void
content of asphalt as the properties of the pavement depends on its density [14].

Impact compaction relies on a high impact force. Most premature failures of asphalt pavement

are concerned with poor compaction [12].
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4  Design air voids

Air voids are small airspaces or pockets of air that occur between the coated aggregate particles
in the final compacted mix. A certain percentage of air voids is necessary in asphalt mixes to
allow for some additional pavement compaction under traffic and to provide spaces into which
small amounts of asphalt can flow during this compaction [15]. Air-voids have significant
influence on the properties of asphalt pavement, they causes the fatigue damage under
repeated load and aggravates the strength of asphalt mixture, causing the macro crack appears
in asphalt pavement [16].

Porous asphalt mixture is an open graded gradation that consists of low composition of fine
aggregates to allow the mixture to have large quantity of interconnected air voids. These
interconnected voids forms capillary channels for the water to flow through and reduce the
water runoff from the pavement surface. This shows that the presence of air voids
(interconnected and isolated voids) within the mixture is the most significant factor that
influences its permeability [17].

Too much air voids also can cause the mixture having excessive aging and stripping problems
, that submergence of flexible pavement in moisture over a period of time can damage the
fatigue life considerably before design life is achieved [18]. On the other hand, inadequacy of
air void within the mixture will lead to the loss in permeability and clogging problem [6].
Least fine materials mixture has caused the mixture to become sensitive towards the changes
in voids content as shown by the sudden drop in resilient modulus and large increase in
permeability and abrasion loss at high voids content. fine aggregate mixture indicates it is
more durable and resilient to deformation but produces low coefficient of permeability.
Therefore, any combination of materials (aggregate composition and binder) used should
possess strong cohesion and adhesion properties so that a stabilized mixture can be achieved
but simultaneously maintaining an open structure of the porous mixture [6].

The range of design air void values in laboratory compacted asphalt mixes is included in
asphalt mix design standards. Different types of asphalt include different design air voids as

shown in Table 1.

Table 1: Design air voids [9]

Mix Type Marshal Method Mix Design
Air Voids range %
L 3.8-42
H 49-53
A% 59-6.3

Asphalt with high design air voids (H) is used for locations with heavy traffic volumes where
there is potential for further compaction of the asphalt mix after placing. (V) asphalt has higher

design air voids and is used for heavily trafficked intersections where there is significant
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potential for further compaction of the asphalt mix after placing. As a result of the higher air
voids.

Asphalt with lower design air voids ( L) is used for locations with light traffic volumes where
there is very little further compaction of the asphalt mix after placing. This type of asphalt
achieves high levels of durability and fatigue resistance as a result of the lower air voids and
provides long service life. That air void content was the most significant factor affecting on
pavement performance [19]. Cleatrly, the in-place air voids and therefore the in-place density

have a significant impact on the pavement life [20].
5 Importance of Air Voids

The asphalt should be flexible enough to resist distress. Also, compaction locks the asphalt-
coated aggregate particles together to achieve stability and provide resistance to different types
of deformation while simultaneously reducing the permeability of the mixture and improving
its durability [14].

Previous research has shown that air-voids have significant influence on the strength and
durability of asphalt mixture [16]. There is considerable evidence that dense graded mixes
should not exceed 8 percent nor fall below 3 percent air voids during their service life. This is
because high air void content (above 8 percent) or low air void content (below 3 percent) can
cause the following pavement distresses [9].

It was also observed that the frequency of loading inversely affected the fatigue life of the
asphalt concrete mixture. In other words as the rate of loading was increased the life of the
pavement was decreased [18]. Reducing in density could result in reduced the air voids for
asphalt mixture ,therefore could have the opposite effect leads to a loss of fatigue life and
serviceability of the pavement [19].

Achieving good density of the hot mix asphalt optimizes all desirable mix properties. The
result showed that as the percent of air voids increased the number of load cycles to failure

representing fatigue life decreased. Thus fatigue decreases with increasing air voids.
6  Conclusions

The quality of compaction is important to the performance of asphalt pavement . Air voids
are generally described as the most effective parameter to explain the behavior of the mix.
High level of air voids always results in a high expectations of moisture flow within mixtures.
Most premature failures of asphalt pavement are concerned with poor compaction. Increase
of air voids in asphalt mixture by 1% than that of design may cause 35% decrease of pavement
fatigue life and double the permeability [12].

Previous study showed that a 1% increase in air voids (above the base air void level of 7%)
tends to produce about a 10% loss in pavement life [21]. The results clearly reflect the
importance of air voids when drilling in the AC layer. From the figures we can see that looking

at the 4% central air voids can reduce the gradual response of the material [22].
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