





_Material

Asphalt is a composite material made up of two
main components, bitumen and mineral aggre-
gates




_Bitumen

A viscous, black petroleum byproduct that acts
as a binder, holding together aggregates and
giving asphalt its characteristic waterproofing
properties. Bitumen is essential for the flexibility
and adhesive properties of asphalt,



_Aggregates

This mixture of crushed stones, sand, and gravel
provides structural integrity to the asphalt. The
size and type of aggregates can vary, impacting
the strength, durability, and performance of the
asphalt. The ratio of bitumen to aggregate is
crucial in determining the quality and application
of the asphalt mix.
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_Durability

Asphalt is known for its durability in handling
heavy traffic loads and resistance to wear and
tear. Its flexibility allows it to accommodate minor
ground shifts and surface stresses without
cracking. However, it needs maintenance over
time, especially in high-traffic areas. The material
can also be designed to meet specific strength
requirements, depending on whether it's used
for highways, urban streets, or airport runways.
Asphalt's durability makes it a preferred choice
for infrastructure projects worldwide.

Bitumen maodification is often used to increase
the material qualities of asphalt, as shown on the
left,



_Water Resistance

Asphalt's waterproof nature comes from the
bitumen binder, which prevents water from
penetrating the surface. This property is critical in
road construction, as water infiltration can cause
erosion, weaken the foundation, and create
potholes. The material‘s impermeability helps
preserve the underlying structure by protecting it
from weather elements, especially in regions with
frequent rainfall or snowfall.




_Smoothness

One of asphalt's main advantages is the smooth,
continuous surface it provides, improving the dri-
ving experience by reducing vibrations and road
noise. A smoother surface also helps improve
fuel efficiency, as vehicles can roll more easily
with less friction. Additionally, the even surface
allows for better grip and safety in both dry and
wet conditions, reducing the risk of accidents.

_ R&Sie(n)..., Asphalt Spot. (2002). Tokamashi, Japan.



_Temperature Sensitivity

Asphalt is temperature-sensitive: it softens in
extremely hot weather and becomes brittle in
cold weather. In high temperatures (40°C-70°C),
the bitumen can become too pliable, causing
the asphalt to rut or deform under heavy traffic.
Conversely, in cold conditions, it can become
more rigid and prone to cracking. This behavior is
mitigated by adjusting the mix design for specific
climates or by adding modifiers to improve the
temperature resistance of the asphalt.

_ Wentworth, Richard. Making Do and Getting By. (2015). Walther Konig.
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_Recyclability

One of the most eco-friendly aspects of asphalt
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_Aging
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Asphalt undergoes aging over time due to
complex environmental and mechanical factors,
leading to deterioration in its performance. Over
time, this results in hardening, brittleness, and
loss of flexibility, which lead to common pa-
vement failures such as cracking, rutting, and
stripping. The most common forms of asphalt
aging include:

. Oxidative Aging

. Thermal Aging

. Rheological Aging

4. Moisture-Induced Aging
5. Mechanical Aging

. Chemical Aging

7. Embrittlement
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_Oxidative Aging
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_Thermal Aging

Temperature fluctuations (hot and cold cycles)
lead to thermal aging, where repeated expansion
and contraction of asphalt occur. In extremely hot
conditions, asphalt softens and deforms (rutting),
while in cold conditions, it becomes brittle and
cracks. Over time, this continuous thermal stress
can significantly degrade the pavement's structu-
ral integrity.




_Rheological Aging

Over time, asphalt undergoes rheological chan-
ges due to traffic loads and mechanical stress.
This form of aging refers to changes in the mate-
rial's flow properties, where the binder hardens,
becoming less elastic and more viscous. This
makes the asphalt less capable of recovering
from deformations caused by heavy traffic loads,
resulting in fatigue cracking.




_Moisture-Induced Aging

Water penetration accelerates the aging process
in asphalt, particularly through stripping, whe-

re the bond between bitumen and aggregate
weakens due to moisture. The presence of water
can lead to potholes, cracks, and other forms of
distress, especially if the asphalt is not properly
sealed or if drainage is poor.




_Mechanical Aging

Asphalt pavements experience mechanical aging
due to continuous exposure to traffic. The re-
petitive stresses from vehicles cause permanent
deformations (like rutting) and cracks over time.
While high-quality asphalt can resist such stres-
ses initially, mechanical aging eventually leads to
fatigue cracking and surface wear.




_Chemical Aging

Chemical reactions within the asphalt binder can
cause it to harden or break down. This can be
influenced by the presence of contaminants like
fuel spills, deicing chemicals, or acid rain, which
can degrade the bitumen and accelerate aging.




_Embrittlement

As bitumen loses its lighter oils and volatile com-
pounds over time, it becomes brittle and loses
flexibility, making the asphalt prone to cracking.
This is often exacerbated by cold temperatures
and oxidation, making the pavement more su-
sceptible to damage in colder climates.
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