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1 Background

Bituminous mixtures or asphalt mixtures are a com-

posite material of bituminous binder, mineral aggre-

gates and air voids. Bituminous mixtures are the most

common constructionmaterial for road pavements, i.e.

asphalt pavements. By far more than 90% of paved

roads are made from bituminous mixtures, which are

compacted to layers and have served as the load

carrying structure for transport infrastructure for more

than 100 years. Due to the cyclic nature of wheel

loading by vehicles traveling on these pavements, their

design is based on fatigue resistance of the structure.

Since bitumen is a complex organic material resulting

from crude oil refining, its mechanical properties are

different from many other construction materials. The

reaction to loading is highly temperature- and loading-

time-dependent viscoelastic. It exhibits liquid-like,

viscous features at high temperature and low fre-

quency of cyclic loading and solid-like, elastic

features at low temperatures and high frequencies of

loading. Thus, mechanical analysis of such materials

is a complex task that needs to take these material

properties into account.

The highlighted paper [1] contributes to fatigue

testing of bituminous materials in a fundamental way,

since it compares different classes of fatigue tests with

different modes of loading by detailed analysis of

recorded test data and interpretation of results by

different models.

2 Milestones

The highlighted paper was produced by the RILEM

TC 182-PEB ‘‘Performance testing and evaluation of

bituminous materials’’, in which research teams from

16 countries from Asia, Australia, North America and

Europe were actively involved. At the first glance, this

paper sums up efforts from an interlaboratory test

campaign to assess the fatigue phenomenon of bitu-

minous mixtures. However, if you take a little more

time and study the paper in detail, it is a very densely

woven source of findings that cover the experimental

analysis and modelling of fatigue of viscoelastic

materials in great depth. Concepts and theses pre-

sented by the authors have initiated a wide range of

research projects and technical committees in this area

that affect our work in this field up until now (e.g.

[2–10] and will continue to do so for decades to come.
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The study presents results from five classes of fatigue

tests with stress- and strain-controlled mode. Besides

the classical fatigue criterion, other concepts are

introduced by taking the dissipated energy into

account. A thorough analysis of the evolution of

stiffness vs. the number of load cycles is given,

providing theses on the influence of energy dissipation

and thixotropic in the initial phase of fatigue tests. A

model to differentiate between the second phase

(micro-crack development) and third phase (macro-

crack propagation) of a fatigue test is presented.

Possible reasons for differences in results between the

analysed test classes are given on the basis of sound

mechanical explanations. Five different damage mod-

els are compared to explain the evolution of fatigue.

Two of the models introduce the concept of healing

([11–14]), which has been an important topic ever

since. Maybe most importantly, the work presented in

this paper is a perfect example of pre-standardization.

The findings of the paper were used subsequently to

develop a European Standard for fatigue testing of

bituminous mixture, EN 12,697–24.

3 Follow-up Research

Research into bituminous materials has a long tradi-

tion within RILEM, starting in the 1960s with one of

the first RILEM TCs ‘‘017-BM: Bitumens and bitu-

minous materials’’. The highlighted paper, which was

published in 2004, and the work of the respective TC is

the basis for research in many subsequent TCs: an in-

depth analysis of cracking and healing in two TCs (TC

241-MCD, TC 278-CHA), the impact on asphalt

pavement recycling in one TC (TC 264-RAP) and on

secondary materials in bituminous mixtures in another

TC (TC 279-WMR).

4 Impact on the construction practice

The results and findings of the highlighted paper

provided a sound basis for the European Standardiza-

tion Committee (CEN) to develop a testing standard

for fatigue testing of bituminous mixtures. EN

12697-24 was first published in 2004 and is a centre-

stone in the performance-based approach for contracts

in road engineering. Together with modern testing

standards for resistance to permanent deformation,

resistance to low-temperature cracking and stiffness

testing, assessing the fatigue resistance is now imple-

mented in many national standards, like in the

Netherlands and Austria. By implementing these

state-of-the-art, performance-based test methods into

routine quality control testing, road infrastructure

becomes more durable and thus, more sustainable.

In addition, standardized fatigue testing is now

available to derive input parameters for state-of-the-

art Mechanistic-Empirical Pavement Design Guideli-

nes (MEPDG). More and more countries move away

from inefficient model asphalt data for their design

procedures and implement performance-based tests as

the basis to obtain input data from actual bituminous

mixtures [15]. Thus, pavement design becomes more

efficient, valuable raw materials are used in a sustain-

able way and innovative products can be taken into

account already in the stage of pavement design. None

of this would be available without fundamental work

like the example presented in the highlighted paper.

5 Quo Vadis

The fatigue phenomenon is a complex matter by itself.

When it targets bituminous materials, the viscoelastic

material behaviour adds another layer of complexity.

Following up on the research carried out by the

highlighted papers, studies have looked into the matter

of energy dissipation [16], thixotropic [17] and how to

separate these non-fatigue related phenomena in the

fatigue assessment [18]. In addition, fatigue is now

also studied on smaller length scales, i.e. on the binder

and mastic level. New test methods have been

developed based on the dynamic shear rheometer

(DSR) [19] to increase our knowledge on this level of

observation and efforts in modelling aim at linking

fatigue on the binder and mastic level to the asphalt

mixture level. Healing is in the centre of attention of

many studies to understand its fundamentals in

bituminous materials and how healing can be correctly

addressed in experimental analysis [17, 20]. Additives

are developed to support healing in pre-damaged

asphalt pavements. It may seem like a paradox, but the

more we understand fatigue of bituminous mixtures,

the further is our (personal fatigue) endurance in this

complex, yet exciting field pushed to its limits and far

beyond.
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