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Abstract

During the service life in a pavement, neat bitumen and modified bitumen age as the result of the mixing with aggregates, the process
of laying, the climatic conditions and the traffic. Laboratory methods for simulating the short-term and long-term ageing (RTFOT and
PAV, respectively) are standardized. None of them takes into account the influence of UV radiations. In the particular case of a pave-
ment located in south France, a comparison is drawn through Fourier Transformed InfraRed (FTIR) analysis. Three types of ageing are
compared: the standard simulated ageings, the actual on site ageing after 12 and 26 months of road service and the ageing when UV
exposure in a weathering oven follows RTFOT simulation. According to carbonyle function evolution by FTIR spectroscopy, this work
shows that for all tested binders, the same ageing level as the one simulated by PAV is reached in a few hours when a thin film of binder is
submitted to UV exposure after RTFOT. It is also to be noted that the level of the on site ageing of a SBS Polymer modified Bitumen
(PmB) reaches the simulated PAV ageing after 12 months of pavement life.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

What is referred to the ‘‘ageing’’ of the bituminous road
binders involves a set of complex physico-chemical pro-
cesses which take place throughout the life of the road. It
is generally divided into short-term aging (which occurs
during manufacturing and laying) and long-term aging
(which occurs over several years during service life). It is
responsible for a deterioration of the physical and mechan-
ical properties of the binders, so attempts have been made
for many years to simulate in the laboratory this inevitable
change in order to include it in standard specifications [1].
The influence of solar radiation on bituminous binders has
been known for some considerable time, as in 1822 Niepce

developed a photo-etching technique [2] based on the trans-
formation of a thin layer of bitumen by the action of light.
Notwithstanding, the influence of light on bitumen ageing
is ignored in laboratory simulations of ageing as it is recog-
nized that due to the high absorption coefficient of bitu-
mens – particularly for ultraviolet (UV) radiation – solar
radiation only affects the upper layers of the pavement sur-
facing [3,4]. In the 1950s, an ‘‘Exposure test’’ [5] was devel-
oped which showed that the effect of solar radiation
depended on the nature of the bitumen [6], but this was
not put to any subsequent use. This paper describes a study
that investigates whether the omission of this factor might
be able to explain some of the divergences noticed between
the standardized laboratory simulations of ageing and
observations in the field [7]. To this purpose, a device
designed to investigate the ageing of paint [8] was used;
the objective was not to propose a new simulation method,
but to use a simple and relatively rapid technique to
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compare the ageing caused by exposure to UV radiation in
an weathering oven with the ageing simulated by standard-
ized methods in the laboratory and with the experience in
the field.

2. Investigated materials and experimental methods

2.1. Bituminous binders

The following bitumens (B) and polymer-modified bitu-
mens (PmB) were used in this study:

B1 a 35/50 penetration grade bitumen (NF EN 1 2591
standard) [9].

PmB1-3l a PmB with a penetration of 46 1/10 mm accord-
ing the European standard NF EN 1426 and man-
ufactured in the laboratory by adding 3% of linear
SBS copolymer to B1.

PmB2-4* a PmB with a penetration of 41 1/10 mm accord-
ing the European standard NF EN 1426: the man-
ufacturer’s documentation gave the impression
that this was a modified bitumen manufactured
by adding a SBS; no information about the base
bitumen (B2) was available.

PmB3-3* a PmB with a penetration of 60 1/10 mm accord-
ing the European standard NF EN 1426 and man-
ufactured in the laboratory by adding 3% of star
SBS copolymer to a 70/100 penetration grade bitu-
men B3.

PmB4-3* a PmB with a penetration of 50 1/10 mm accord-
ing the European standard NF EN 1426 and man-
ufactured in the laboratory by adding 3% of star
SBS copolymer to a B4 laboratory bitumen from
the same penetration grade as B3 but more oxidiz-
able.

Generic fractions of base bitumens, measured with the
IATROSCAN by successive elution in heptane, toluène/
n-heptane (80/20), dichlorométhane/méthanol (95/5), are
listed in the Table 1. Details of the method are provided
in the literature [10].

PmB2-4* was used for the wearing course of a pavement
located in the south of France: with both a high level of
traffic and a high level of sunlight. The structure of the sur-
face layer is a porous asphalt with about 24% of void con-
tent. The SBS copolymer content was measured by FTIR
spectrometry performed on a solution of bitumen in car-

bon disulphide (CS2) with the linear SBS polymer, Kraton
D-1184 as the reference polymer [11,12]. A sample from the
mixing plant was found to have a polymer content of 3.4%.

In addition to the laboratory simulations of ageing,
samplings from the pavement were carried out after 12
and 26 months of service. The binders which had under-
gone ageing in the pavement were extracted using per-
chlorethylene at 70 �C applying a technique used at the
Aix-en-Provence Regional Public Works Laboratory [13].

As the composition of the base bitumen of PmB2-4*

used on the road remained unknown, the attempt was
made to relate our results to those obtained applying the
same method of ageing simulation to similar PmBs, spe-
cially elaborated in the laboratory for this purpose:
PmB3-3* and PmB4-3*.

2.2. Ageing methods

• Short-term ageing was addressed by the Rolling Thin
Film Oven Test (RTFOT) as described in the European
standard NF EN 12607-1. This technique has been val-
idated for some time for unmodified bitumens for which
it is considered to be more severe than actual jobsite
conditions [14]; in the case of modified bitumens, its
validity is still open to doubt. However, in the absence
of anything better, it has been used with considerable
success [13,15] to compare different PmBs during labora-
tory studies.

• Long-term ageing was addressed by the Pressure Aging
Vessel (PAV). Binders were aged during 20 h at 100 �C
under 2.1 MPa of air as described in the European stan-
dard NF EN 14769. In the case of unmodified bitumens,
the simulated ageing provided is recognized to be equi-
valent to several years of service in a road, but how long
this equivalence is depends on the bitumen [1,4,10];
recently, a study of several experimental pavements [7]
found this simulated ageing to be equivalent to four years.

• UV weathering oven: according to Montepara [16,17],
the binder film was aged by RTFOT test before UV
exposure. Pieri’s ‘‘dry slide’’ technique was used to pre-
pare the binder film [18]: 25 lL of binder in a 170 g L�1

solution of dichloromethane were deposited on a slide
suitable for transmission FTIR measurement (NaCl).
The solvent was eliminated by natural evaporation and
FTIR spectrometry was used to check its complete
absence. From both the volume deposited and the area
of the residual film, these films can be considered to be

Table 1
Generic fractions of base bitumens determined by IATROSCAN

PmB Base bitumen Saturates (%)a Aromatics (%)a Resins (%)a Asphaltenes (%)a Colloı̈dal Index (Ic)
b

PMB1-3l B1 9 43 31 17 0.35
PmB3-3* B3 6 55 21 18 0.35
PmB4-3* B4 7 53 22 18 0.33
PmB2-4* Base bitumen unknown

a Iatroscan thin film chromatography SARA analysis.
b Colloı̈dal index Ic = (asphaltenes + saturates)/(resins + aromatics).
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