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This research attempts to determine critical asphalt pavement voids through labo-
ratory aging. The critical voids are defined as void levels in the asphalt pavement

system above which aging occurs rapidly.

A comprehensive literature review is compiled at the beginning of this disserta-
tion. The review is intended to present a state of the art on research directed to
understanding the phenomenon of asphalt pavement aging and to identify some

promising aging and test methods.

An oven heating procedure is selected to duplicate long-term field aging. In this
procedure, pavement samples are prepared at predetermined void levels and placed
in the oven maintained at 140 degrees Fahrenheit (60 degrees Celcius) for a period

of 24 hours. During this period, air at Jow pressure is applied to the samples.

After the aging is completed, the asphalt in the aged sample is extracted follow-
ing the Abson recovery method. The effect of aging is then quantified in terms of
percent penetration retained (PPR) and viscosity aging index (AI). The asphalt

viscosity temperature susceptibility is also examined before and after aging.
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The results show that the relative aging rate of the asphalt in the mixture in-
creases with air voids. The critical voids are determined to be between 9 aﬁd 13
percent, using the percent penetration retained, or between 9 and to 11 percent,
using the viscosity aging index. It 1s also found that the viscosity temperature sus-

ceptibility of the asphalt tends to decrease after aging.

The critical voids determined can be used to establish an upper limit for asphalt
pavement voids with the intent of controlling oxidative aging. It is recommended

that such an upper limit should not exceed 9 percent.
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Chapter 1

Introduction

1.1 Background

Many highway agencies are concerned with the performance and life of pavements.
In the small state of Connecticut, there are over 30,000 miles of roadways. Contin-
uing development increases this mileage by over 2 % annually. In the fifties, the
average life of bituminous pavement was 16 years. Today, the life of many roads is
only 8 years. Since the Connecticut Department of Transportation spends about 70
million dollars a year to maintain its roads, the reduction in pavement life of 50 %
could result in an increase in the state pavement expenditures by about 35 million

dollars a year (1).




The performance of bituminous pavement is a function of pavement stiffness,
pavement support, and loading. As there is httle probability that loading will de-
crease and improved support requires compiete rebuilding, improved overlay life
must come about through control of overlay stiffness. Aging increases stiffness and

must be controlled for any significant improvement in performance.

Traditionally, the prediction of long-term pavement performance has been based
on the properties of the neat asphalt. However, recent studies show that using only
the properties of the asphalt prior to being mixed with aggregates and compacted
into pavement is inadequate. Mixing temperatures, storage conditions, climatic

conditions, access to oxygen, and other factors are also important.

The importance of aging in the deterioration of asphalt pavement is graphically
illustrated locally on Road 1-384 around Willimantic. The cracking of the asphalt
surface over the concrete bridge decks is as intense as that of the adjacent pavement,
yet the flexing due to loading is minimal. Aging has caused the mix to become ex-

cessively hard and brittle and susceptible to cracking failure.

This problem can be explained based on the relative coeflicients of expansion of
stone and asphalt and the effect of traffic on the pavement. The coefficient of ex-
pansion for asphalt is about 18 times that for stone. As day progresses, the sun
warms the pavement and both asphalt and aggregate expand. The asphalt must
move with respect to the aggregate and the resistance is less in the vertical direction.
The asphalt flows upward and tends to raise the upper portion of the aggregate with
it. During the night, the temperature falls and the materials contract. The cohesion
of the asphall cannot pull the aggregaic as tight as originally compacted by the

roller. Consequently, the voids in the pavement steadily increase until air can pass




freely through the pavement which results in hardening of the asphalt film in the
pavement system. Traffic tends to recompact the pavement layer slowing the level
of void increases. The traffic on this particular road is apparently not enough to

recompact the pavement.

It is easy to make an asphalt aggregate mixture that, upon compaction, will have

no air void and so should not age. Unfortunately, the asphalt content of the mix-
- ture will be very high and the pavement will rut and shove under traffic. Reducing
the asphalt and fine aggregate content increases the pavement stability but makes
for difficulties in compacting to a low air void level. All present day mixtures are
then compromises between long life (high asphalt and/or fines for dense mixtures)
and high stability (low asphalt with little fines for open mixtures). An example for
the latter 1s that a typical specification for the harsh mixtures now in use would re-
quire at least 5 % but not more than 9 % voids in the compacted layer. The lower
limit 15 intended to insure adequate space so that if any further densification should
occur, especially in hot weather, the asphalt would not be squeezed out. With very
little information available, the upper limit has been set arbitrarily with the intent

of controlling air aging.

1.2 Objectives

The purpose of this research is to obtain a better understanding of the aging of as-
phalt pavements associated with the air void content. The study is intended to de-
termine what portion of aging of the nixture is due to oxidation and what minimum
level of mixture voids is necessary for the access of oxygen to cause aging by sub-

jecting the mixture to laboratory aging. The results will provide a rational means for



the establishment of the upper limit of air void contents for a mixture to control age

hardening.

A review of previous related work that has been used to assess the effect of aging
1s also compiled. The review is intended to present various aging procedures and test
methods which show promise for further laboratory investigation. A suitable pro-

cedure will then be adopted for this study.

The objectives of the research are :

I. To determine if there is a critical air void range in asphalt pavements above
which the aging occurs rapidly.

2. To study the effect of air void levels on the aging rate of asphalts in the pave-
ments.

3. To investigate the effect of mixture types and aggregates used on the aging of
asphalt mixtures.

4. To evaluate the effectiveness of the laboratory aging used in this study, and

5. To find out if the resulting information can be used to enhance the present de-

sign specification.

The research approach includes preparing samples at various air void contents,
aging the samples artificially, and evaluating the property of the asphalt binder be-
fore and after the artificial aging. A correlation between the air void and the aging
rate will be developed. A break point in a plot of asphalt rheological property versus

air void should indicate the critical void for the pavement.

Perpustakaan
Universitas Ka-otik Parabyangan
ji. Merd=ka 19
BALDUNG






