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Abstract

Selected results and initiatives in modern asphalt pavement research for increasing service life of asphalt pavements under the aspect of sustainability and
multifunctional use of roads are summarized. Focus lies on innovative approaches and own experience, jointly elaborated during the last decades within
the road engineering/sealing components lab at Empa and both the highway/railways engineering and building materials group at KTH. This includes
material concepts and design as well as pavement system and construction aspects from an experimental and modelling point of view. It includes also the
application of powerful experimental and computational tools, such as Atomic-Force-Microscopy (AFM), X-Ray-Computer-Tomography (CT), Digital-
Imaging-Correlation (DIC) and Discrete-Element-Method (DEM). As for materials, recycling issues and the use of Phase-Change-Materials (PCM) or metallic
ingredients for inductive thermal crack healing are addressed. In order to remind that material design must also account for the workability during the
process of compaction, the new Compaction-Flow-Test (CFT) developed at KTH is shortly presented. Innovative ideas for structural material composition
are also mentioned, such as “artificial aggregates” or “additive manufacturing”, being aware that there is still a long way to go. Regarding pavement
systems, ideas for multifunctional road applications are proposed. Focus is also put on special issues, such as construction joints.
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own experience and involvement in projects within the road
engineering/sealing components lab at Swiss Federal
Laboratories for Material Science and Technology (Empa) [3,
8-23, 27] and both the highway/railways engineering and
building materials group at Swedish Royal Institute of
Technology (KTH) [24-28]. Some of these activities are closely
linked to the work within different international technical
committees of the International Union of Laboratories and
Experts in Construction Materials, Systems and Structures
(Rilem), e.g. [1, 4-6], and the International Society for Asphalt
Pavements (ISAP) with its technical committee Asphalt
Pavement and Environment (ISAP TC APE), e.g. [7].

1 Introduction

Asphalt pavement technology has experienced dynamic
progress in the last decades from both a technical and
scientific point of view. On the one hand the development
and application of new materials has led to a wide diversity of
new tailor-made bituminous materials, opening new
potential ways of increasing service life and multifunctional
use of roads, e.g. for carrying traffic loads as well as harvesting
energy. On the other hand it has led to a leap forward towards
in-depth understanding of the chemo-physical and
mechanical behavior of bituminous road materials, thus
turning asphalt research from a mainly phenomenological

experience driven low tech to a scientifically demanding and Within the frame of these research initiatives, different

innovation boosting “high-tech” subject. These challenging
but, nevertheless, exciting developments, were governed by
increasing expectations and requirements regarding in-
service performance of road materials within today's difficult
socio-economic and climate-ecologic environment, in
particular with respect to sustainable development in favour
of future generations and the awareness of being responsible
for a careful use of the limited material resources worldwide.

This paper gives examples of selected efforts and research
initiatives in that direction during the last decades based on
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modern powerful experimental and computational research
tools were applied and evaluated, such as Atomic-Force-
Microscopy (AFM), X-Ray-Computer-Tomography (CT),
Environmental Scanning Electron Microscopy (ESEM), Digital-
Imaging-Correlation (DIC), Attenuated Total Reflectance
Fourier Transform Spectrometer (ATF-FTIR), Finite Element
Method (FEM), Discrete-Element-Method (DEM), Artificial-
Neural-Network (ANN) and Lattice-Boltzmann-Method
(LBM). Moreover, Accelerated Pavement Testing (APT) with
Mobile Load Simulator (MLS) for simulating full-scale traffic
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loads and Model Mobile Load Simulator (MMLS) was applied
for validating the effectiveness of innovative pavements [2].

The main overall motivation for the above mentioned
research initiatives at Empa and KTH was to improve service
life of asphalt materials and roads, always keeping in mind the
positive properties of asphalt in terms of recyclability and the
generally accepted fact that durability is the most important
factor for fulfilling sustainability requirements. This durability
is considerably influenced not only by mechanical loading
conditions, which may create rutting or fatigue, thermal and
compaction induced cracking, but also by long-term
environmental effects, such as oxidative aging of bitumen due
to permanent exposure to air, UV solar radiation and water
penetrating into the asphalt either through diffusion or direct
infiltration into pores or existing cracks.

One challenge in performing research in that direction, at
least in parts of Europe, is the growing environmentally driven
opposition against “paving the landscape from green to grey”
which is in some contradiction to the social expectations of
prosperity and comfort as well as the still existing “low-tech”
image of paving technology in the general public. This
situation leads to both political reluctance in providing
research and development funding and in promoting
academic education of young professionals.

Another significant challenge in performing research in that
direction is the gap in thinking and communication between
“hard hats” and “egg heads” in our domain. On one side, we
have the standardization- and tradition-oriented
practitioners, who are working under real “dirty” field
conditions, aiming at realizing technically and economically
effective application-oriented specific road construction
solutions. On the other side, we have the research-oriented
academics and laboratory experts, who are working under
ideal, well defined “clean” conditions, searching for a
universal in depth understanding, and modelling of materials
in a more scientific and sustainable way on the other hand.

In order to close this gap, it is important to consider the whole
chain of knowledge from cradle to grave, i.e. from production
to construction to maintenance to recycling and to disposal.
This requires also changing the level of interest as needed
from nano- to macro-scale or from single components, such
as bituminous binder and mineral aggregate alone, to the
whole asphalt composite and even the whole anisotropic
multilayer pavement system. It includes material concepts
and design as well as pavement system and construction
aspects from an experimental and modelling point of view.

A summary of the main asphalt materials concepts is given in
Fig.1, where it is schematically shown that stones can be hold
together by three principal mechanisms, i.e. gluing, friction
and confinement [1]. Depending on which stone structure is
dominant, the resulting mixture is a mastic, packing or
skeleton type of asphalt. Each type is showing different
mechanical behavior and requires different test methods.

Apart from the well-known traditional factors, the quality of
pavements produced with these mixtures is influenced by the
material resources (e.g. Reclaimed Asphalt Pavement - RAP,
waste components and marginal materials), the production
and construction temperatures (hot, warm and cold) and the
way of placing (e.g. paver, additive manufacturing and
prefabrication).

2  Recycling

Quality and percentage of the RAP material is considerably
influencing durability and service life of asphalt pavements.
This is particularly true with respect to repeated recycling and
the type of rejuvenator used. As for repeated recycling, joint
research between Empa and the Public Works Research
Institute PWRI in Japan [8] demonstrated that repeated RAP
recycling is difficult to simulate in the lab, in particular
regarding aggregate damage during milling and regarding
realistic aging which, in reality, is influenced not only by
oxidation but many other factors such as UV and moisture.
Nevertheless, with respect to service life, it was positive to
observe in the lab that repeated hot recycling, up to a RAP
content of 40%, was of negligible effect, because the added
new hot mixture material dominated the behavior. However,
with higher RAP contents, the behavior after several recycling
stages became complex and difficult to predict, particularly
when rejuvenating agents had to be added. On the binder
side, this is partly due to the fact that rejuvenators cannot
totally restore the original binder of the RAP component and
the way of how the rejuvenator effect disappears over time,
differs from the aging mechanism of the binder itself. This was
demonstrated also in a PhD project with bio-based
rejuvenators at Empa [9].

During this PhD study, thickness distribution of the residual
RAP binder film on typical crushed aggregates were measured
with ESEM. It was found that, in this specific case, the RAP
binder film thickness varied between 1 and 6 um at 140°Cand
only between 1 and 3um at 180°C, demonstrating that the
mixing temperature has a significant effect on the interaction
between newly added and RAP binder [10]. In another
research on binder surface topography with AFM (Fig. 2.), RAP
binder was compared with artificially aged, original and water
treated pen graded 70/100 bitumen. It was found that the so
called “Bee-structures” were no longer visible on RAP binder,
extracted with toluene, whereas aging in the Pressure Aging
Vessel (PAV) produced a denser and water treatment an
eroded “Bee-Structure” [11]. Although these micro-scale
observations are far from being related to service life of a
pavement, and in case of RAP binder probably also influenced
by the extraction solvent, they provide evidence of the
complex processes that may influence the performance of a
binder in a mixture.
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Figure 1. Basic asphalt material concepts.
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Figure 2. AFM Bitumen topography, after 20min annealing at 110 °C and (if not water conditioned) left at room temperature 24h before AFM;

15um? are visible.

In fact, correlation between findings in the laboratory and the
real in field behavior is quite a tricky subject. In an extended
research project for the Swiss Federal Road Office (FEDRO) it
was found that mixtures with high RAP content, optimized in
the lab under defined conditions to similar performance than
hot asphalt without RAP, did not perform as expected in the
field under accelerated pavement tests [12, 13]. One field
section with RAP consisted of a 60% RAP surface course on a
new base course and the other one of a 75% RAP base course
without surface course. Under APT with MLS, both
pavements with RAP showed significantly heavier damage
and therefore a lower service lifespan than the corresponding
sections without RAP. These differences were partly
attributed to material deficiencies due to plant production as
well as in-field construction issues, such as compaction and
temperature inhomogeneities.

3  Material design and modifications
3.1 Thermal crack healing

One strategy for increasing service life is the introduction of
ferro-metallic ingredients into the mixture for future
inductive thermal crack healing of a pavement by externally
activating the intrinsic healing potential. This can be done
either through low frequency induction at 78kHz in case of
micro-scale steel particles [14] or high frequency alternating
magnetic fields at 285kHz in case of magneto-sensitive
particles close to nano-scale [15]. The idea is to induce local
heating such that the viscosity of bitumen is reduced for filling
small cracks (Fig 3). A similar crack healing effect may also
occur naturally due to elevated summer temperatures, but
since this uncontrolled “self-healing” capability may increase
the risk of traffic induced rutting, it is normally reduced by
designing sufficiently stiff pavements with high resistance to
permanent deformation.
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Fig 3, shows digital imaging correlation (DIC) strain
measurement results of a double torsion test before and after
inductive healing. In this case, almost complete healing and
crack closing could be achieved.

Induction heating may be successfully repeated periodically
for extending service life [16]. Slabs 1800 x 435 x 40cm with
two 10mm deep transversal central groves at a distance of
190mm lying on a rubber bed between two stiff supports
were loaded with the MMLS as shown in Fig 4. Vertical
deformation during wheel passings was measured with LVDT
displacement sensors. The slabs consisted of asphalt concrete
AC8 with 14%wt (of mixture) iron particles of 0.6... 1.0mm
diameter. Crack healing was performed with a 30kW
inductive heater at a maximum frequency of 80kHz creating a
healing temperature of 80°C according to measurements with
a an infrared camera. After healing, the slab was allowed to
cool down to room temperature for continuation of the
accelerated pavement testing.

In this specific case, a lifetime increase of about 70% was
achieved after each healing by induction treatment. As shown
in Fig. 4, the slope m of the vertical deformation curves after
each healing remained in the same order of magnitude.
However, the slope became significantly higher after macro-
crack initiation immediately before failure.  Note, that
during cyclic loading and damage accumulation, the
temperature of the slabs gradually increased in the order of
5°C due to the energy dissipation within the viscoelastic
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Figure 3. Principle of inductive crack healing and double torsion DIC result.
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asphalt slabs. Applying induction healing 3 times, whenever
reaching a vertical deformation of ca. 0.75mm, extended the
overall service lifetime by about 200%.

3.2 Phase change materials

Another potential strategy of increasing service life is the
introduction of phase change materials (PCM). In a theoretical
study together with the University of Applied Science and Arts
in Lucerne it was shown that, 8cm below the pavement
surface, the potential of lowering the temperature in an
asphalt concrete with 15% PCM Icosane (melting
temperature 36.6°C) is about 4°C, at daytime in summer [17].
Test in the laboratory were performed with PCM Tetradecane
CisHzo (melting point 4 to 6°C) on binder alone and on
mixtures with microencapsulated PCM.

It was found that adding pure Tetradecane into binder
produced binder softening without showing any phase
change effect [18]. However, when using microencapsulated
PCM in bitumen alone, or as 9vol% filler replacement in
Marshall specimens, phase change occurred [19]. Ongoing
research deals with PCM impregnated porous aggregates
with cement coating, such as foam glass, in order to increase
the total volume of PCM in the mixture, being fully aware that
extended research will be needed for obtaining suitable
impregnable aggregates with high mechanical resistance
during the whole long-term service life.
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Figure 4. Vertical permanent deformation and slopes (m) due to MMLS loading before and after repeated inductive healing; also shown is the

temperature evolution
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3.3 Artificial aggregates

Modification and design of materials is not limited to classical
asphalt composites. Ongoing projects at Empa deal with
artificial aggregates and systems for robotic string
reinforcement of pavements. These projects are strongly
relying on numerical tools, such as DEM, for theoretical design
of solutions that will be validated in the laboratory with
experimental model testing. Reports are in preparation and
will be published soon.

The idea of artificial aggregates has its origin in the need for
producing multifunctional pavements with both a strong load
bearing skeleton structure and a maximum of large
communicating voids. These voids should have minimal
tortuosity and allow long-term circulation of other media
within the pavement layer, such as water, for transporting
energy from solar energy harvesting without the necessity of
using a pipe system. Such a concept could also be useful for
mitigating urban heat island effects. It should be designed
such that the risk of clogging and the maintenance effort for
flushing the system are minimized.

As proposed in [1] and shown in Fig. 5a, one solution could be
to imprint meandering pipe-like water channels into a
waterproof mastic asphalt pavement layer, filling the
imprinted channels with strongly gap graded stones or with
artificial aggregates in order to obtain a load-resistant
unbound skeleton of high continuous pore volume for water
flow. Artificial aggregates in the imprinted channels could be
hollow tetrahedrons or dolos and tetrapods fabricated with
3D printing, e.g. as complex Al,O; ceramic structures [22], or
with other techniques, still to come. This imprinted channel
system should then be covered with a thin waterproof,
probably reinforced, black surface layer that is exposed to
solar radiation.

Optimization of the free void configuration within the
unbound structural skeleton of the channels could profit from
two recently completed PhD theses under the leadership of
the Empa laboratory for Multiscale Studies in Building Physics.
There, water flow and drying within porous asphalt has been
intensively  investigated and modelled based on
microcomputed tomography (X-ray p-CT) images and wind
channel measurements as well as numerical analysis with a
pore network modelling (PNM) and kinetic lattice Boltzmann
modelling (LBM) [20,21]. It is clear that development of such
pavements is still far from being realized for practical
applications. On the one hand, cost effective technology for
industrially fabricating large amounts of suitable artificial
aggregates is still not available; on the other hand, suitable
binders must be developed that allow long-term water
resistant bond without reducing the volume of the voids
significantly. Nevertheless, given the practical advantage in
terms of recyclability without having to deal with embedded
metal or plastic pipes and for potentially easier construction
and repair, it appears reasonable to continue developments
in that direction.

3.4 Robotic string reinforcement

The concept of robotic reinforcement of pavements is based
on work at the Swiss Federal Institute of Technology ETH [23].
Instead of bituminous binder, flexible reinforcing tensile
strings, produced on the spot by extruders on robotic arms,
are placed in a 3D way following the most convenient
patterns for holding together the unbound aggregates
without the need of binders or external confinement, as
shown schematically in Fig 5b. The motivation for this new
type of pavements is not only increasing their service life but
also fostering saving and re-use of raw materials by reducing
the amount of required binder and by allowing an almost
immediate re-use of aggregates.

a
Water Flow
Thin Surface Inprint in Mastic filled
Layer w. Unbound Porous
Stone or Artificial
Aggregate Skeleton
—— il
b

Figure 5. a) Principle of imprinted channels in mastic asphalt as
replacement of pipes for energy harvesting; b) principle of reinforcing
pavements with robotic string placing

Ongoing research at Empa aims at providing a proof of
concept for this idea of road construction [24]. Theoretical
analysis with DEM for evaluating suitable combinations of
aggregates and string reinforcement combined with
mechanical tests in the laboratory using pre-fabricated strings
have started and are promising. Again, it is clear that this
kind of pavement is still far from being ready for use and still
needs considerable research effort. However, it is considered
as one environmental friendly possibility on the quest for
improved multifunctional and more durable alternatives for
traditional asphalt.

4  Pavement construction aspects
4.1 Challenges

The construction phase is one key to improved service life of
asphalt pavements. However, as compared to research on
compacted materials and asphalt roads, research efforts in
that direction are still surprisingly limited. This is particularly
true with respect to workability and compactibility issues, as
well as challenges related to the construction of pavement
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joints. Moreover, these topics are mostly understood as
phenomenologically based practical trial and error domains
of contractors and asphalt plant operators, where the
academic research community can only partially contribute.
In fact, we may have here the most prominent borderline
between the above mentioned “hard hats” and “egg heads".
This is certainly not due to missing interest of the different
players; but linking practice and real life situation at 1:1 scale
with modelling and academic approaches at lab scale is
certainly a significant challenge in this case. Major reason is
the almost unlimited variety of influence factors, such as local
construction conditions in terms of climate and topography,
time and financial restraints, construction equipment,
individual craftsmanship and quality matters (e.g. material
inhomogeneity) etc.. Nevertheless, since pavement
structures and materials become more and more diverse, this
borderline situation has to change for the sake of reducing the
risk of unexpected loss of service life.

Recently, KTH has undertaken different research initiatives on
these matters, aiming at reducing the lack of knowledge and
elaborating a scientific basis particularly in view of simulating
and better understanding the mechanical processes, such as
material flow and segregation, within the asphalt during
transport and compaction. Both processes are
characterized by large movements at hot temperatures and
therefore predestined for DEM modelling and applications.
Another focus was laid on studies for improving service life of
construction joints when building new roads or when
replacing only parts of a pavement. The research on joints was
performed in parallel with research at Empa, evaluating
possibilities of improving service life of joints by applying
inductive healing as discussed below.

4.2 Slump performance and segregation

With respect to workability and segregation of uncompacted
asphalt mixtures, suitability of the so-called slump test was
investigated at KTH. This test is already well established in
cement concrete technology but was not considered
meaningful for asphalt materials, so far [25]. Since the slump
test is comparatively simple to perform for cement concrete,
it was considered as good potential candidate for practical
use on asphalt plants and on construction sites, fully being
aware that temperature and viscous behavior of asphalt may
be the critical challenge. Practical experiments were
conducted on stone mastic asphalt SMA16 with pen graded
bitumen 70/100 at mixture temperatures 145+10°C and
modelled with DEM from a microstructural point of view with
clustered particles as shown in Fig 6a.

Focusing particularly on the influence of binder content on
the height of the slumped material cone (slump height),
satisfactory agreement between DEM model simulation and
experimental measurement was found. This means that the
numerical approach is suitable for modelling the
microstructural interactions within a mixture, thus capturing
its macroscopic flow response in a reasonable way under
changed particle contact conditions, as shown in Fig 6b. Bond
strengths were numerically evaluated based on plausibility
consideration (Fig 6¢), demonstrating that bonding strength

must be zero in case of no binder, but reaches a maximum in
case of very thin binder film before becoming significantly
lower when the binder film gets thicker. These phenomena
are well known from the gluing theory. As for friction, in all
cases, a coefficient of u=0.5 was assumed, except for high
binder content (u=0.25) where plausibility considerations
suggest that the influence of asperities becomes negligibly
low.

From the combined experimental and numerical DEM
analysis was concluded, that the flow in a mixture can be
physically interpreted as a combined effect of lubricated
friction and bonding force. Moreover it was concluded that
the slump test explicitly represents the free flow behavior of
asphalt in an asphalt plant, e.g. when emptying the mixer into
a truck for transportation or emptying the truck into the
receiving hopper of a paver. Hence, it was found to be a
promising experimental tool for studying the flow of
uncompacted asphalt mixtures in the construction phase of a
pavement with acceptable repeatability and should therefore
be further developed and optimized.

Based on the results with the quasi-static slump test, another
novel test was created and combined with DEM for inquiring
vibration-induced segregation as found on bumping trucks on
their way from the asphalt plant to the construction site. First
results demonstrate that the largest particles show greatest
tendency to segregate, tending to rise up on top of the smaller
ones, and that the segregation potential appears to increase
with continuous vibration in a nonlinearly proportional way to
vibration time [26].

4.3 Material flow during compaction

As for evaluating compactability and material flow in the early
stage of compaction, a new type of test has been developed
recently in a PhD study at KTH [27, 28], the so-called
compaction flow test (CFT), for roughly simulating the flow of
particles in asphalt mixtures under compacting loads in the
laboratory. The unbound material is filled flush into a cubical
150 x 150 x 100mm3 aluminum mold and continuously
loaded with constant displacement speed 15mm/min from
one side of the surface down to a defined depth with a
prismatic 50mm wide loading strip. This creates an uplift of
material on the free surface of the specimen, as shown in Fig.
7a, b. Load and uplift are measured as indicator of the
potential of material flow.

The CFT was developed by combining mechanical tests on
unbound model and real aggregates as well as real AC 11 and
SMA 11 with X-Ray-CT imaging and DEM modeling. Fig 7c
depicts an example of a force-loading strip displacement
curve for an asphalt concrete AC11 and a stone mastic asphalt
SMA11. Clearly, the coarser SMA 11 mixture requires much
more force to create the same vertical displacement under
the loading strip, due to its higher resistance against vertical
deformation. On the other hand (Fig 7d) SMA 11 produces
higher uplift and higher horizontal movements due to its
skeleton type stone structure (Fig1) as indicated by the
displacement vectors obtained from embedded steel screws
serving as direction pointers for better contrast in the X-Ray-
CT images.
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Figure 7. a) Principle of compaction flow test CFT; b) experimental setup showing ultrasonic sensor for measuring material uplift; c) comparison
of force-loading strip displacement for two mixtures; d) comparison of movement vectors of screw pointers, determined with CT.

4.4 Construction joints

The experimental and modelling tools mentioned above can
also be applied for improving design and service life of
construction joints. Research in this direction has been
performed at KTH in close relationship with the development
of the CFT and refinement of DEM [29]. At the same time,
research at Empa has investigated the effect of using
inductively active material in the neighborhood of joints for
both inductive healing at a later stage of service life and
inductive improvement of the bond of new joints as an
additional construction step [30, 31]. Focus in both cases was
the search for joints and concepts that would allow
transferring traffic loads on a pavement layer with joints in an
equal or similar way as in case of a quasi-monolithic layer
without joints.

Resent research at KTH demonstrated that CFT as well as DEM
are both useful tools for studying and optimizing construction
joint issues [29]. It was shown that geometry of the joint
interface was a major key for improving the load transfer
properties of asphalt pavement joints. Moreover, as
concluded in an earlier experimental study [32], compaction
from the hot side towards the cold side of the joint appeared
better for the quality of joints than common compaction from
the cold to the hot side of the joint. Finally, compacting the
asphalt on a properly designed rough surface, for keeping the

mineral aggregates of the mixture close to the joint, may
positively affect the service life of asphalt joints.

As for the effect of applying inductively active asphalt for
joints, four point bending tests at 0°C on specimens 40 x 40 x
500 mm? and APT traffic simulation at 20°C on 1600 x 600 x
40mm? slabs with the MMLS in the laboratory were
performed [30, 31]. AC11 mixtures with and without 14wt%
(of mixture) of 0.6-1mm iron particles were used. The results
suggest that the application of induction technology may
improve both load transfer and service life of longitudinal
asphalt joints considerably. This is particularly encouraging
under the aspect that repeated induction heating allows re-
activating the interlock of the joint during service life.

However, performance of the joint clearly depends on the
chosen joint design. One positive example is the case of joint
design with a naturally inclined joint surface structure, where
the 130°C hot AC 11 mixture was placed close to a 22°C cold
AC 11 lane [30]. Then, additional induction heating treatment
was applied, followed by a final post compaction with a 105kg
hand roller. In the quasi-static bending test, fracture occurred
a few centimeters apart from the joint under three times
higher breaking forces at 0°C than for the comparable joint
design A without induction.

Positive but less favorable results were also observed even in

case of vertical joints after similar treatment [31]. The
experimental setup and the corresponding MMLS results are
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shown in Fig 8. Obviously, vertical joint design E with
combined induction and post-compaction treatment lasted
about 8 times longer that the design A without treatment. The
discontinuous curves in case of design E, are due to the fact
that the test had to be interrupted overnight. The reason for
larger strain amplitudes for the left strain gauge comes from
the fact that the wheel was running just on the right side of
the joint. The fact that the left strain gauge shows no abrupt
decrease demonstrates the good load transfer in case of
design E.
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Figure 8. a) Setup for MMLS testing of construction joints; b) strain
amplitudes at different locations vs. passings for joint design A (no
induction) and E (with induction treatment).

5 Conclusions

Selected results and initiatives in modern asphalt pavement
research at the Swiss Federal Laboratories for Material
Science and Technology (Empa) and the Swedish Royal
Institute of Technology (KTH), for improving service life of
asphalt materials and roads, are summarized. Examples of
new experimental and numerical modelling approaches are
presented leading to the following general main conclusions.

Broad knowledge and a variety of scientific and technological
possibilities for improving service life of asphalt roads are
already available for modifying existing materials or for
designing performance oriented new pavement materials. In
order to reduce the risk of failure under service conditions,
such research and development initiatives should cover the
whole multi-scale range, from nano- to macro- level, using
refined sophisticated experimental and numerical
computational tools. However, these initiatives should not
only rely on refined experiments and models but also on
careful validation with APT in order to avoid bad surprises in
the field. As for theoretical modelling, DEM appears
promising, in particular in cases where large deformations
have to be expected, e.g. in the construction phase. However,
determining reliable input data for such computational tools
may be quite a difficult task.

Focus must not only lie on material and structure of
pavements but also on pavement properties and behavior in
the production and construction phase. Issues such as
workability and compactability still need considerable
research effort and, in particular, improvement in
collaboration and understanding between practitioners.

Research and development must not only care for classical
functionality issues but also for multifunctionality in order to
increase the benefit of roads. In the quest for ways of
boosting service life and sustainable use of road materials, it
is necessary that our community learns to implement healing
concepts in practice and use marginal and waste materials
without creating linear landfills. We should also learn to
improve low-temperature asphalt construction technology
[33].

Future trends suggest that asphalt roads become more and
more high tech structures, build of thermoplastic material
where bitumen is only a source for tailoring affordable
synthetic binders, thus turning asphalt to “plasphalt”. This
should not occur at cost of recyclability, of course. However,
introducing new material components and production ways
requires out-of-the-box thinking, based on both a sound
scientific and engineering background, which can only be
established through competent professional education in an
academic and practical environment. Therefore, it has to be
understood by the professional community, but also by
universities and decision makers, that asphalt pavement
technology is indeed turning from a mainly
phenomenological experience driven “low tech” to a
scientifically demanding and innovation boosting “high-tech”
domain.
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