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ABSTRACT: The asphalt surface layer is the most exposed to weather and traffic conditions on roads, especially
those subjected to winter maintenance. Therefore, a deep knowledge of the mechanisms which can damage this
layer is necessary to improve its design, construction and long-term use. With this purpose, two types of asphalt
mixtures used on roads from NW Spain were subjected to durability tests (freezing-thaw and thermal-stress)
with a saturated NaCl solution. After the durability tests, a wheel tracking test was performed on the samples,
and the resultant material was analyzed by optical polarized light and fluorescence microscopy. This analysis
showed that the binder-aggregate low adhesion was the main responsible of the asphalt mixture damage. This
damage was concentrated in the aggregates because the binder acted as an impermeable wall. Consequently, the
NaCl solution penetrated and degraded the aggregates quickly and strongly.
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RESUMEN: Utilizacion de técnicas petrograficas para evaluar los efectos inducidos del NaCl, condiciones climati-
cas extremas y el paso del trafico en las superficies de las carreteras espariolas. Las capas de rodadura son las mas
expuestas al clima y al efecto del trafico, especialmente en carreteras sometidas a mantenimiento invernal. Por
este motivo, es importante conocer mejor los mecanismos de deterioro de dichas capas a la hora de mejorar su
disefio, construccion y uso a largo plazo. Con este fin, dos tipos de mezclas asfalticas utilizadas en el NO de
Espana fueron expuestas a ensayos de durabilidad (heladicidad y choque térmico) con una solucidon saturada
de NaCl. Después, se realizo el ensayo de pista y el material deteriorado y deformado resultante fue anali-
zado mediante microscopia optica de luz polarizada y de fluorescencia. Dicho analisis mostré que el principal
responsable de la degradacion de la mezcla fue la baja adhesion arido-betun. Esta degradacion se concentro en
el arido debido a que el ligante actué como una pared impermeable. En consecuencia, la solucion de NaCl pudo
penetrar y degradar rapida e intensamente el arido.
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1. INTRODUCTION

Currently, the investment in the maintenance of
the Spanish roads is low because of the economic
crisis. As a result, roads are in a poor state of conser-
vation (1), specifically the surface layer, which is the
most exposed to traffic, weather, and other effects
of external agents. For these reasons, it is indispens-
able to improve the design and construction criteria
of this layer in order to produce more durable and,
thus, more environmentally friendly pavements. In
this regard, it is important to consider the deteriora-
tion processes taking place when those pavements
are exposed to extreme conditions, such as the use
of salts during winter maintenance practices, to bet-
ter understand the pavement damaging mechanisms.

More than 25,000 km of Spanish roads are
exposed to winter maintenance, and NaCl is the most
common deicer applied (2). However, this product
has a negative impact on motor vehicles, transporta-
tion infrastructure, as well as on the environment (3).
Particularly evident is the effect of this compound
on the durability of asphalt pavements. Freeze—thaw
cycles cause the expansion of water, which results in
the decrease of the pavement’s indirect tensile strength
but, combined with salts, especially chlorides, it is
also responsible of the hardening of the binder and,
therefore, the loss of pavement elasticity. In addi-
tion, the combination of freeze-thawing and salting
causes either the interfacial damage between binder
and aggregate or the fracture of the binder, which
produces a greater increase of weight loss (4-5). The
latter is considered the main cause of asphalt pave-
ment deterioration, and it is directly related to the
low adhesion between the aggregate and the binder
in asphalt mixtures (6-9). However, the mechanisms
which produce the low adhesion between the aggre-
gates and the binder are still unclear.

The so-called stripping phenomenon, or asphalt-
aggregate bond failure, can be produced by a large
number of factors, including composition, porosity
and roughness of the aggregates, wettability between
bitumen and aggregates, chemical composition at
the interface (10), exposure aggregate history (e.g.,
freshly crushed versus days of exposure to environ-
mental weathering after crushing), asphalt viscosity
or traffic cyclic loading (11). However, the most
accepted hypothesis is that the aggregate surface
chemistry is the main responsible of the stripping
process (7, 11). Fromm (12) reported that stripping
is high in mixes with acidic granites with hydroxyl-
ated SiO,. Water vapor, which is emitted during the
production of asphalt mixtures, can form strong
hydrogen bonds with siliceous surfaces, forming
silanols. This hydrated silica molecules can cause
the replacement of the bitumen polar parts (13).
Vuorinen and Hartikainen (14) showed a similar
behavior in AL,O;. In addition, mixtures of aggre-
gates containing alkali metallic elements, like Na

and K, exhibit relatively high stripping sensitivity.
In contrast, metallic elements, such as Ca, Mg, and
Fe, have a good aggregate-binder adhesion (15).

Despite the importance of the aggregate proper-
ties in the asphalt mixture durability, they are usu-
ally underestimated during road pavement design
and production (2). Aggregates are considered the
most stable component of the mixture (high resis-
tance to deformation, durability and chemical iner-
tia, 16). In contrast, asphalt binder is chemically
more complex and expensive (6€/tone of aggregate
versus 500€/tone of asphalt binder, 2), and conse-
quently it gets more attention by producers, techni-
cians and researchers. However, it is important to
better understand the influence of the aggregate
properties in the asphalt mixture behavior. In this
regard, petrographic techniques, such as optical
and fluorescence microscopy, can provide adequate
information about the process of asphalt mixture
damaging, and the interaction between the aggre-
gates and the binder, especially from the aggregate
point of view (2).

Optical polarized light microscopy has been
widely applied in the study of the physical-mechan-
ical properties of the aggregates (17-21). In addi-
tion, fluorescence microscopy has been extensively
performed to estimate the damage of building
materials, because it can detect the cracks pro-
duced by external agents, such as water or extreme
temperature values (22, 23). This technique has
been applied on concrete (24-29), but it has barely
been used in the study of asphalt mixtures. Eriksen
(30) used optical and fluorescence microscopy on
asphalt mixtures to estimate their homogeneity of
compaction. Broekmans (31) evaluated the effect
of studded tires on asphalt pavements with fluo-
rescence microscopy, obtaining different failure
patterns depending on the type of aggregates used
in the mixture. Poulikakos and Partl (32, 33) stud-
ied the microstructure of asphalt mixtures by fluo-
rescence microscopy and its relationship with the
mechanical effects of compaction and fatigue. The
microscopic observations, supported by field data,
concluded that the performance quality of mixes
depends on the shape of voids, and interlocking
and binder adhesion of the aggregates.

The aim of this paper is to evaluate with petro-
graphic techniques the effect of the stripping phe-
nomenon (low binder-aggregate adhesion) on the
durability of asphalt mixtures, paying especial
attention to the interaction between the aggregates
and the binder of the mixtures, and to discuss the
use of optical and fluorescence microscopy in their
characterization. It is important to point out that
Spanish roads are subjected to extreme climatic
conditions, very cold winters with frequent main-
tenance operations, and high temperatures during
the summer. Lately, these temperatures can often
reach up to 40° C owing of the recurring heat
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waves registered in the Iberian Peninsula (34, 35).
In addition, the most common asphalt mixtures
used on surface layers in Spain are open-graded.
The presence of voids (up to 12%, 36) and the low
rate of rainfalls, produce the retention of the NaCl
spread during winter inside the asphalt mixture.
NaCl then begins to precipitate from the solution
to form crystals within the pores (37, 38), and this
crystal growth is capable of producing tensile hoop
stresses above 2500 psi (17.2 MPa) (39, 40). For
these reasons, the effect of low and high tempera-
tures (winter and summer seasons, respectively),
both combined with NaCl, has been taken into
account in this paper as they have been poorly
studied (41, 42).

2. MATERIALS AND METHODS

With the purpose of estimating the combined
effect of the NaCl, extreme climatic conditions and
traffic load, two types of asphalt mixtures used at
NW Spain were prepared in the laboratory. The
mixtures where exposed to freeze-thaw and thermal-
stress cycles with a saturated solution of NaCl to
simulate the effect of the seasonal thermal varia-
tions and the winter maintenance practices on road
surfaces. After the durability tests, the samples were
tested with the wheel tracking method to simulate
the effect of the traffic load.

Finally, the samples treated and tested in the lab-
oratory were analyzed by optical and fluorescence
microscopy so as to evaluate the mechanisms of
the damage caused. In addition, the surface proper-
ties (morphology and composition), as well as the
mechanical resistance of the aggregates used in the
asphalt mixtures, were also determined to round off
the results collected from the petrographic analysis.

2.1. Materials

Two open-graded asphalt mixtures with different
types of coarse aggregates, amphibolite (AAM) and
a 1:1 blend of schist and paragneiss (SAM) were
used in this research (Table 1). The metasediments
are mixed in the quarry because of the complex geo-
logical setting of the quarry, which makes it difficult
the separation of the lithologies during the extrac-
tion process (2).

The asphalt mixtures were prepared in the
laboratory of a quarry located close to Santiago

de Compostela (Galicia, Spain), which exploits
amphibolite and schist-paragneiss aggregates. This
quarry has supplied asphalt mixtures produced by
these aggregates to several civil works of the area,
especially roads and highways (2).

Both mixtures show a good aggregate grada-
tion (Figure 1). Micro-porosity is detected in both
materials (Figure 1), especially related to the binder-
aggregate limits. The schist aggregate has a rounded
shape (Figure la) while the amphibolite coarse
aggregate exhibits an angular shape (Figure 1b).

2.2. Coarse aggregates characterization

The mineralogical analysis of the coarse aggre-
gates was obtained by X-ray powder diffraction. The
device used was a Philips Analytical PW 1752 dif-
fractometer operated at 40 kV and 30 mA, equipped
with a copper K-alpha anode tube, a graphite mono-
chromator. The interpretation was carried out with
the PC-ADP diffraction software.

The surface morphology was measured using the
optical roughness tester TRACEIT (InnowepGmbH,
Wiirzburg, Germany) with a testing field of 5x5 mm
and a resolution of 1.5 um in the Z direction. The
roughness parameter Rz or the ten-point height,
which is the average of the five highest peaks and
the five lowest valleys along the assessment length

Porosiy
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FIGURE 1. Photographs of (a) asphalt mixture with schist
aggregate, SAM, and (b) asphalt mixture with amphibolite
aggregate, AAM.

TABLE 1. Asphalt mixture characteristics

Binder content Air voids
Asphalt mixture ~ Mixture type Aggregate Filler Binder %] %] Density [g/cm’]
AAM BBTM 11b Amphibolite  Limestone PMB 45/80-65 4.8 12 2.63
SAM BBTM 11b Schist Limestone PMB 45/80-65 5.0 8 2.53
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of the profile (43), was calculated from the mea-
sured topographic data (44, 45).

Finally, the water absorption coefficient (46), and
the mechanical resistance (Los Angeles test, 47) of
the coarse aggregates used in the asphalt mixtures
were determined in the laboratory following their
respective current standards (46, 47).

2.3. Asphalt mixture sample preparation

A roller compactor with a maximum load of
30 kN was used to produce 10 wheel tracking sam-
ples with 40 mm of thickness, as referred to in the
current standard (48, Figure 2a). Five samples per
type of asphalt mixture, AAM and SAM. One con-
trol sample per type of mixture were used as refer-
ence materials to evaluate the damages produced by
the different tests in the laboratory.

2.4. Effect of NaCl and extreme climatic conditions:
Durability tests

To simulate the effect of the NaCl and extreme
climatic conditions, the asphalt mixture samples
were subjected to durability tests in the laboratory.
Two samples per each type of asphalt mixture were
exposed to 70 daily freeze-thaw cycles. During 16
hours, the samples were initially exposed to -21 °C
in a freezer, and following that, they were immersed
during 8 hours in a solution with 23.3 wt % of NaCl
at 20 °C.

The remaining two samples per each type of mix-
ture were subjected to 40 daily thermal-stress cycles.
Firstly, the samples were exposed to 50 °C in a
heater during 6 h and, secondly, they were immersed
in a solution with 23.3 wt % of NaCl at 20 °C during
18 h (2, 49, 50).

2.5. Effect of the traffic: Wheel tracking test

The wheel tracking test was performed, as referred
to in the current standard (51), to evaluate the effect
of the traffic in the asphalt mixtures, both untreated
and exposed to durability tests. A small wheel tracking
device was used (52, Figure 2b) and the test consisted

in repeatedly rolling a small wheel with a load of 700
N at 60 °C across the prepared sample, and conse-
quently measure the deformation originated.

2.6. Evaluation of the induced effect of NaCl,
extreme climatic conditions and traffic: Petrographic
analysis

To evaluate the damage produced by the induced
effect of NaCl and extreme climatic conditions,
thin sections were cut longitudinally from the sur-
face of the asphalt mixtures exposed to the dura-
bility tests. At the same time, the additional effect
of the traffic was studied from thin sections cut
perpendicularly to the deformation area produced
by the loaded wheel after both tests (wheel track-
ing and durability). All the thin sections obtained
were injected with epoxy resin doped with artifi-
cial fluorescein (53) to carry out the fluorescence
microscopy analysis.

Thin sections were studied using an optical polar-
ized light microscopy Olympus BX51 with an Olympus
DP12 (6V/2.5 A) camera. This microscope is also
equipped with a mercury lamp Olympus U-RFL-T to
perform the fluorescence study of the samples.

3. RESULTS
3.1. Coarse aggregate characterization

The mineralogy and surface morphology of the
aggregates used to produce the asphalt mixtures
studied are shown in Table 2. Amphibolite is com-
posed of Ca™*, Fe*" and Mg”" bearing minerals, such
as actinolite or plagioclase, while schist has minerals
with Na*, AI™ or K*, such as albite, muscovite and
biotite (Table 2). Surface roughness in the amphibo-
lite aggregate is lower than in the schist aggregate
(Table 2).

The water absorption coefficient and the Los
Angeles values of the aggregates are exposed in
Table 3. The schist aggregate had a higher water
absorption coefficient and a lower mechani-
cal resistance than the amphibolite aggregate
(Table 3).

FIGURE 2. Photographs of (a) the wheel tracking asphalt mixture sample and (b) the small wheel tracking testing device (52).
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TABLE 2. Semi-quantitative analysis by XRD and surface morphology of the aggregates used in the asphalt mixtures

Mineralogy (%) Surface morphology
Mixture Aggregate Qz Ab Pl Bt Ms Grt Act Hbl Ep Ttn Sul Rz (um)
AAM Amphibolite 35 56 <5 <5 6 38.36 + 7.81
SAM Schist 33 31 28 7 <5 <5 42.15 +8.27

Qz = Quartz; Ab = Albite; Pl = Plagioclase; Bt = Biotite; Ms = Muscovite; Grt = Garnet;, Act = Actinolite; Hbl = Hornblende;

Ep = Epidote; Ttn = Titanite;, Sul = Sulphide minerals

TABLE 3. Water Absorption Coefficient and Los Angeles

data
Aggregate Wa (%) LA
Amphibolite 0.50 9
Schist 0.95 18

Wa = Water absorption coefficient; LA = Los Angeles Test Index

3.2. Effect of the traffic: Wheel tracking test

After the wheel tracking test, the amphibo-
lite asphalt mixture (AAM, Figure 3a) was less
deformed by the effect of the traffic than the schist
asphalt mixture (SAM, Figure 3b). In both cases,
the deformation was higher when the mixtures were
exposed to the effect of NaCl and low temperatures
(Figure 3). By contrast, the deformation was lower
when the mixtures were subjected to the effect of
NaCl and high temperatures (Figure 3).

3.3. Evaluation of the induced effect of NaCl,
extreme climatic conditions and traffic: Petrographic
analysis

The control sample of AAM under opti-
cal polarized light and fluorescence microscope
(Figure 4a) showed a good aggregate gradation,
but the adhesion between the binder and the aggre-
gate was poor. This low adhesion produced inter-
particle porosity in the aggregate-binder limits of
the mixture (Figure 4a). Intra-particle porosity
was also observed, owing to the cracking of small
amphibolite and quarz aggregates (Figure 4a).
In general, the maximum length of the porosity
observed was 0.5 mm, and the maximun thickness
was 50 um. Some inter-particle porosity was also
caused by air bubbles trapped during the manufac-
ture of the asphalt mixture.

The control sample of SAM showed a good
aggregate gradation and adhesion between the
binder and the aggregate (Figure 4b). Intra-particle
porosity was due to the cracking of quartz and mica
aggregates (Figure 4b). The maximum length of
these cracks was 1 mm, and the maximum thickness
was 40 um. The same inter-particle porosity related
to air bubbles trapped detected in the AAM was
seen in this mixture.

The induced effects of NaCl and extreme climatic
conditions were also characterized with optical and
fluorescence microscopy (Figure 5).

After the freeze-thawing test, the amphibo-
lite aggregate displayed some cracks, especially in
the limits between the aggregate and the binder
(Figure 5a), suggesting inter- and trans-particle
cracking after the test. The maximum crack length
observed was 1 mm, and the maximum thickness
was less than 0.5 um. In the schist asphalt mix-
ture, the coarse aggregate was also the most dam-
aged component. Inter- and intra-particle cracks
were detected with a maximum length of 2 mm
and 0.5 um of maximum thickness. In both asphalt
mixtures, trans-particle cracks were found, related
to the damage of previous porosity in the binder.
This porosity was mainly related to the air bubbles
produced during the manufacture of the asphalt
mixture, especially those in contact with the coarse
aggregates (Figure 5b).

After the thermal-stress test, the main damage
in the mixture was located in the coarse aggre-
gates from both asphalt mixtures. Inter- and trans-
particle cracks were observed in the amphibolite
aggregates because of their low adhesion with the
binder. Additionally, new inter-particle porosity
was found in the mixture produced by the binder
loss during the test (Figure 5c). The cracks detected
in the amphibolite mixture were up to 1 mm in
length, and their maximum thickness was 1 mm.
In the schist mixture, the test caused the intra-,
inter- and trans-particle cracking of the coarse
aggregate. The intra-particle cracking was more
abundant and it was related to the mica domains
of the rock (Figure 5d). These cracks were up to
5 mm in length and 1 mm in thickness. The same
binder loss process observed in the amphibolite
mixture was found in the schist mixture. Thus,
new inter-particle porosity was produced after the
thermal-stress test.

Finally, the effects produced by the freeze-thaw
and thermal cycles were aggravated by the wheel
tracking test. Inter- and trans-particle cracking
was produced, especially in the schist aggregate
(Figure 5e). Additionally, the deformation and
deterioration of the air bubbles from the mix-
ture caused the cracking of the aggregates and the
binder (Figure 5f). The cracks observed had up to 3
mm in length and they reached 1 mm in thickness.
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Graphs showing the wheel tracking test results for (a) AAM and (b) SAM.
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Images taken with optical microscopy (parallel nicols, left image), fluorescence microscopy (center) and a composition of

both techniques (right) of (a) AAM and (b) SAM.

It can be affirmed that after wheel tracking test, the
damage was higher than after the durability tests
only. Owing to the different orientation of the thin
sections obtained from the asphalt mixtures depend-
ing on the test performed (longitudinally from the
surface after the durability tests, and perpendicu-
larly after the wheel tracking test), the degradation
after the durability tests was performed on the first 1
mm of exposed area, while after the wheel tracking
test, the degradation penetrated up to 3 mm inside
the mixture.

4. DISCUSSION

The data collected from the petrographic analy-
sis and the mechanical tests performed in the lab-
oratory showed that the surfaces of the asphalt

mixtures were damaged by the induced effect of
NaCl, extreme climatic conditions, and traffic load.

Both tests, freeze-thawing and thermal-stress with
NaCl, produced the deterioration by cracking of
the asphalt mixture coarse aggregate with a similar
mechanism. The binder acted as an impermeable
wall. Thus, NaCl solution could only penetrate in the
mixture through the aggregate, producing an intense
and quick damage (Figure 5). The penetration of
the NaCl solution inside the aggregate was possible
because of the presence of previous or initial porosity
in the mixture. This porosity was mainly caused by the
low adhesion between the aggregate and the binder
(Figure 5a), the presence of air bubbles in the binder
originated during the mixture production (Figure 5b)
and the internal structure and mineral composition
of the coarse aggregate (Figure 5d). In addition,
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Amp = Amphibole; Bt = Biotite; Ms = Muscovite
FIGURE 5. Images with optical polarized microscopy (parallel polars, left), fluorescence microscopy (center) and a composition of both
techniques (right). (a) Low adhesion between the amphibolite aggregate and the binder producing cracking processes after freeze-thawing.
(b) Cracking of the coarse aggregate related to the damaging of an air bubble after freeze-thaw cycles. (¢) Binder loss causing the aggregate
deterioration after thermal-stress. (d) Mica cracking on schist aggregates after thermal-stress. (¢) Cracking of the aggregate after freeze-thaw
cycles and wheel tracking test. (f) Air bubble deformation and causing the mixture damage after thermal-stress and wheel tracking tests.
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the effect of the traffic aggravated the deterioration
of the asphalt mixtures exposed to both, NaCl and
extreme climate conditions. The deformation of the
internal structure of the mixture (Figure 3) caused
the cracking of its components, especially the coarse
aggregates, which were weakened by the effect of the
NaCl and extreme climatic conditions.

In spite of the similar damaging mechanism
exhibited by both durability tests, the effect of ther-
mal-stress (high temperature) was more harmful on
the mixture surface (Figure 5c). This test affected
not only the aggregate, but also the binder. It was
observed that the wheel tracking tests after ther-
mal-stress decreased the deformability of the mix-
tures analyzed (Figure 3). This phenomenon could
result from the possible aging of the binder after its
exposure to high temperatures (54-56). In addition,
petrographic analysis showed the surface loss of the
binder (Figure 5¢), causing a higher exposure of the
aggregate surface to the effect of the NaCl solution
and increasing the intensity of the cracking, in con-
trast to the lower amount of cracks detected after
the freeze-thaw cycles.

Even though the effect of NaCl used during win-
ter on asphalt pavements has been widely studied
by researchers and Transportation Agencies (3-5,
57-59), no current standards consider their effects
in asphalt mixtures. In addition, the effect of that
salt during the summer weather conditions has been
poorly studied (41, 42). For these reasons, it is recom-
mended to consider both, winter and summer weather
conditions, in future studies of road surface durabil-
ity, especially in countries as Spain, with extreme tem-
perature changes between winter and summer.

The low adhesion between the aggregates and the
binder was one of the main degradation mechanisms
of the asphalt mixtures. The amphibolite aggregate,
with an “a priori” higher quality than the schist
aggregate because of its lower water absorption coef-
ficient and higher mechanical resistance (Table 3),
showed an intense degradation by the effects of the
Nadl, extreme climatic conditions and traffic because
of its lower adhesion with the binder. In spite of the
importance of this process in the durability of the
mixture, the causes of this low adhesion are unclear.
The most accepted explanation is that rocks with high
silica content have low adhesion with asphalt binders
(12-13, 15, 60, 61). Other compositional factors that
hinder an optimal adhesion include minerals with K
and Na (albite, biotite or muscovite) because of their
higher solubility (Table 2; 10, 13). Conversely, miner-
als rich in non-soluble Ca and Mg, such as actino-
lite or plagioclase (Table 2) favor the adhesion with
the binder (62). However, the amphibolite aggregate
showed lower adhesion than the schist aggregate, giv-
ing rise to a challenging conundrum. It follows that, in
this case, the low adhesion with the binder cannot be
explained only by the presence of minerals with solu-
ble ions which can rapidly react with water molecules

displacing the asphalt binder (10, 13). Therefore, addi-
tional properties from the aggregate surface should be
taken into in account in this process.

It is argued that these additional properties com-
prise the surface roughness (Table 2) and the water
absorption coefficient (used as a proxy of the con-
nected porosity), as both parameters are much
higher in the schist than in the amphibolite aggre-
gate (see Tables 2 and 3, respectively). This surface
roughness and “porosity” would improve the pen-
etration of the binder inside the aggregate contrib-
uting to its mechanical interlocking when it hardens
(6, 63). In addition, the angularity of the aggregates
can also influence the adhesion with the binder.
Angular shapes on aggregates increase the potential
for asphalt film rupture producing trapped porosity
in the mixture, as well as low adhesion between the
binder and the aggregate (6, 64). The amphibolite
aggregate shape, more angular, could be pivotal in
the low adhesion of this material with the binder.
For this reason, it is recommended to study parame-
ters such as surface roughness and shape, combined
with the mineralogical and chemical composition
of the aggregates to better understand the causes of
low adhesion with the binder.

Other important factors responsible of the
asphalt mixture deterioration were the mineral habit
and the fabric of the coarse aggregates. While the
cracking of amphibolite coarse aggregates was gen-
erally related to this low adhesion (Figure 3a), the
schist aggregate damaging was related to the delami-
nation and cracking of its mica domains (Figure 3c).
The foliated structure of the schist aggregate was
also responsible of the deeper deterioration caused
by the traffic effect in the schist asphalt mixture
compared to the amphibolite mixture (Figure 3e).
Therefore, both factors must be taken into account
as selection criteria to improve the mechanical resis-
tance and durability of asphalt mixtures.

Finally, the petrographic analysis (65) is not
included in Spanish or European current standards to
evaluate the quality of the aggregates used on roads
surface (16, 66). However, the optical polarized light
microscopy and the fluorescence microscopy, as it
has been showed in this paper, are good techniques to
evaluate the durability and the quality of the asphalt
mixtures, especially the coarse aggregates.

5. CONCLUSIONS

The main conclusions of this study can be sum-
marized as follows:

- The effect of NaCl and extreme climatic con-
ditions damaged the studied asphalt mixtures,
especially at high temperatures (thermal stress
caused in summer conditions).

- Coarse aggregates were the main deteriorated
component of the mixtures analyzed, while the
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binder seemed to be unchanged after the dura-
bility tests. This deterioration was increased by
the effect of the traffic.

The low adhesion between the aggregate and the
binder, the presence of air bubbles in the binder
originated during the mixture manufacture, and
the internal structure and mineral composition
of the coarse aggregate were the main factors
responsible of asphalt mixture deterioration.
The mineralogical composition of the aggre-
gates is not the only parameter related to the
aggregate-binder low adhesion phenomenon;
the surface roughness and the shape of the
aggregate are also important factors to be taken
into account when studying this process.

The combined use of both, optical and fluores-
cence microscopy, can provide important infor-
mation about the damaging mechanisms of the
mixtures. This information can help to improve
the road surface design, construction and long-
term use. For this reason, these techniques
should be considered in future roads surface
pavement standards and requirements.
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