ACE XP ARAMID FIBRE:
WHAT IT IS, DOSAGE;
AND MAIN PROPERTIES:

Technically speaking, aramid fibres are high-performance synthetic
fibres derived from aromatic polyamides. Known for their excellent
thermal stability, tensile strength, and resistance to degradation,
they are used'in asphalt to enhance mechanical performance

and durability. Aramid fibres do not melt, and are chemically

stable under asphalt mixing conditions (e.g. do not release any
chemicals during asphalt manufacturing and placement).
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Typical dosage is 106 g per tonne
of asphalt; however, the actual
dosage of fibre can be fine-

tuned depending on the project
requirements. In some cases, a
double dose of fibre (i.e. 212 g per
tonne of asphalt) may be required
to achieve the requested asphalt
performance. ACE XP is typically
added during the dry mixing phase
before bitumen is introduced to
ensure even distribution. The main
differences between ACE XP aramid
fibre and conventional cellulose fibre

are highlighted in the following table.

PROPERTY ARAMID FIBRE (ACE XP) CELLULOSE FIBRE
. Very high tensile strength (=3 Low tensile strength; used
Mechanical
GPa); resists cracking and rutting mainly for drain-down control
Thermal Stability Stable up to 500°C Decomposes at ~200°C
. . Resistant to oils, fuels, Degradable under
Chemical Resistance )
and asphalt binders prolonged exposure
. Synthetic; durable but Biodegradable; lower long-
Environmental Impact
not biodegradable term persistence
L. Reinforcement; crack bridging; Drain-down control; minor
Function in Asphalt i ) o
enhances fatigue and stiffness structural contribution

Pavement design mostly relies on the multi-layer elastic theory, which requires a stiffness parameter,
Poisson’s coefficient, and thickness of a pavement layer to calculate stresses and strains at various
locations within the pavement. Using ACE XP in pavement design software, such as CIRCLY in
Australia, requires adjusting the following parameters. Note that the following parameters have been
validated for a limited number of mix designs and may not be applicable to all projects. The designer is
encouraged to validate the parameters based on their specific mix design (i.e. particle size distribution,

binder content, type of binder, etc.).
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Stiffness of Asphalt With/
Without Aramid Fibre

Aramid fibre enhances the stiffness modulus of
asphalt mixes, particularly at intermediate and

high temperatures:

* Without ACE XP Aramid Fibre: Stiffness
modulus (ITSM) of asphalt layers at 20-25 °C
may range 2000 - 6000 MPa (depending on mix
type, binder, and frequency of loading).

» With ACE XP Aramid Fibre: Increases of 10—
20% in stiffness modulus reported, especially
when combined with polymer-modified binders.
Increased stiffness leads to better rutting
resistance and improved
load-spreading capacity,
particularly valuable in

heavily trafficked roads.

Poisson’s ratio

No adjustments are
commonly needed in the
design software regarding
the Poisson’s ratio of
asphalt with and without
fibre. The commonly
adopted value of 0.4 still
applies.
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Asphalt fatigue constant ‘k’
Improvements in the fatigue performance of
asphalt have been observed in several mixes
containing ACE XP Aramid Fibre. In CIRCLY,
the fatigue performance of asphalt layers is

represented through the k-value.

The k-value in CIRCLY is calculated using the
Shell equation (developed in 1978 for asphalt
with conventional bitumen), following the
relationship outlined in the Austroads Guide to
Pavement Design. However, the Shell equation,
as originally developed, did not account for
polymer-modified binders or the inclusion of
strengthening fibres in the mix. Therefore, the
k-value should be adjusted to reflect potential
improvements resulting from modern mix

designs.

Moreover, the calculation of the k-value in
CIRCLY depends on only two parameters: asphalt
stiffness and binder volume. According to this
method, stiffer asphalt or lower bitumen content
results in lower k-values, and vice versa. This

can be misleading when dealing with polymer-
modified binders (which might be stiffer while
offering significantly better fatigue resistance) or
reinforcing fibres such as ACE XP.

Independently verified laboratory tests have
shown increases in fatigue life,
based on the epsiloné value
from four-point bending beam
fatigue testing, of 40-50% for
conventional dense-graded
asphalt and up to 100% for
SMA mixes containing a single
dose of ACE XP fibre. Based on
this evidence, it is considered
appropriate to increase the
k-value in CIRCLY using a

multiplication factor.

A simplified alternative to the

procedure described in Technical
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Note 167 (Transport and Main Roads, TN167),
which involves testing 27 beams across various
strain levels and temperatures for each specific
mix design, is to apply a multiplication factor
of 1.3 (i.e. 30% increase) to the k-value of a mix
containing ACE XP fibre.

Higher multiplication factors may be used
depending on the fibre dosage (e.g. single dose,
double dose, etc.); however, it is recommended
that designers perform laboratory fatigue testing
on the specific mix design to accurately quantify
the benefits of incorporating ACE XP. Since the
addition of fibre does not alter the mix design
(aggregate gradation or binder content/type),
the multiplication factor should be applied to the
predetermined k-value of the same asphalt mix
without fibre.

No changes are required for the performance
exponent ‘b’ in CIRCLY.

Pavement Design Example with
ACE XP Aramid Fibre:

Base Case Pavement:

* Surface Course: 40 mm SMA 10
e Base Course: 60 mm AC 20

* Sub-base: 150 mm granular

* Subgrade: CBR 3%

Modified Pavement with ACE XP Aramid Fibre:
Option A - Surface Layer Only:
* Add a single dose (106 g/tonne of
asphalt) aramid fibre to SMA 10
* Effect: Improved surface cracking (top-down,
reflective), rutting resistance, slower surface

degradation.
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Option B - Base Layer Only:
* Add a single dose (106 g/tonne of
asphalt) aramid fibre to AC 20

e Effect: Enhanced structural stiffness,

reduced bottom-up cracking and cracking

propagation (fatigue resistance).

Option C - Surface + Base Layer:

e Add fibre to both layers

* Effect: Synergistic improvement in fatigue
life, load distribution, and durability.

Could allow reduction in total asphalt thickness

by ~10-20% depending on traffic loading.

Conclusion: Designing Asphalt
Pavements with Aramid Fibre
Aramid fibre represents a robust asphalt
reinforcement technology with clear benefits
in mechanical performance, especially fatigue
life, rutting resistance, and crack propagation
control. Unlike cellulose fibres, aramid contributes
structurally and remains stable throughout the
life of the pavement. Aramid fibre is especially
suitable for high-performance pavements
where durability, load resistance, and reduced

maintenance are desired.
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