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Abstract

The two least desirable types of asphalt pavement distress consist of the permanent deformati-
ons, in the form of wheel-tracks, which are caused by heavy traffic loads at high temperatures,
and of cracks which are caused by low temperatures. Asphalt mixes should be such that these
two types of damage do not occur. In order to ensure the adequate resistance of asphalt mixes
to high and low temperatures, their characteristics need to be verified in advance, before the
road itselfis constructed, i.e. during the design process in the asphalt laboratory. This can be
done using the wheel — tracking test at high temperatures, which is a well-known test method,
and is performed all over the world. Determination of the resistance of asphalt mixes to low
temperatures, i.e. to low-temperature cracking, can be performed by two different tests: the
uniaxial tensile strength test, which is used to determine the resistance of asphalt mixes to
tensile stress at low temperatures, and the thermal stress restrained specimen test (TSRST),
which simulates the stress induced in such mixes by rapid temperature drops caused by
changesin the weather. Since, in Slovenia, systematically assessed data are notyet available
aboutthe high- and low-temperature performance of asphalt binderand surface courses used
on the national motorway network over the last fifteen years, this paper provides a description
of the results of tests performed with the objective of creating such an assessment.
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1 Introduction

Tests of the resistance of asphalt mixes to permanent deformations at high temperatures have
been carried out at 1IGMAT, the Building Materials Institute, Ljubljana, since 1997. However,
during this period harmonized European standards came into force for the testing of asphalt
mixes by assessing their resistance to wheel-tracking, i.e. SISTEN 12697-22:2004 (Small size
device, procedure B). In 2006 IGMAT obtained the necessary equipment to perform this kind
of test, which was accredited by Slovenian Accreditation, and introduced on a regular basis.
So far low-temperature tests of asphalt mixes have not been performed at IGMAT. For this re-
ason it was decided that these tests should be started, and that co-operation be established
with zAG Ljubljana, the Slovenian National Building and Civil Engineering Institute, which,
in 2008, had obtained the necessary equipment for the performance of uniaxial tensile and
cooling tests for the performance evaluation of asphalt mixes at low temperatures.

2 Description of the study

When making a selection of different types of asphalt mixes for tests at high and low tem-
peratures, particular attention was paid to the typical mixes for surface and binder courses,
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which are the most exposed to the effects of high and low temperatures due to their upper
position in the pavement structure.

The following typical asphalt mixes for surface and binder courses were selected (each type
of asphalt mix was represented by two variants; in some cases the mixes were prepared by
different producers, whereas in other cases the mixes were prepared by the same producer
but using different aggregates):

Table1 Overview of the different types of investigated asphalt mixes

Asphalt mix reference number  Designation of asphalt mix according to
SISTEN 13108-1and SIST EN 13108-5

AC11surf50/70

AC 11 surf PmB 45/80-65
SMA 8 PmB 45/80-65
SMA 8 PmB 45/80-65
SMA 11 PmB 45/80-65
SMA 11 PmB 45/80-65
AC 22 bin PmB 45/80-65
AC 22 bin PmB 45/80-65

o |N|vnfn|DlwW N[

Taking into account the binder in the above-listed mixes, it was decided to test the most
frequently used combinations of these asphalt mixes and binders, i.e. paving-grade bitumen
and polymer modified bitumen for the surface courses made from the asphalt mix Ac 11 surf,
and polymer modified bitumen for the surface and binder courses from the asphalt mixes
SMA 8, SMA 11 and Ac 22 bin. The selected asphalt mixes were sampled during their placing
onindividual sections of Slovenia’s motorway network and state roads, where it was possible
to later monitor the actual state of these asphalt mixes in the pavement structure, after it had
been exposed to climatic and traffic loads.

If it is necessary to compare correctly the behaviour of test specimens of asphalt mixes in
the laboratory with that of asphalt actually placed in a pavement structure, then the test
specimens need to achieve approximately the same degree of compaction and the same
thickness of layers as those corresponding to the as-placed asphalt, using the same type of
compaction method as that used on-site. Taking into account the roller-compacting devices
which are commonly used in countries such as Austria, Germany, the uk and the usa, it was
decided to use the same kind of device. The roller-compactor which was used to prepare the
test specimens satisfies the requirements of the standard SIST EN 12697-33: 2004 “Bitumen
mixes — Test methods for hot asphalt mixes — Part 33: Specimens prepared by roller compac-
tor” and the German specification ALP A-StB - Part 11 [2].

The test specimens of asphalt layers, prepared as described above in the shape of slabs, are
used in the further testing at high and low temperatures. After preparation, they are ready for
further testing of the resistance of asphalt layers to the effect of permanent deformations at
high temperatures, and for cutting into prismatically-shaped test specimens for determining
the behaviour of asphalt layers at low temperatures.

3 Results of the tests

The results of all of the standard empirical tests of hot asphalt mixes showed values which
are in accordance with the requirements of the valid Slovenian Technical Specifications for
Roads (known as “Tsc”). They also showed that the mixes are suitable for use on roads with
heavy and very heavy traffic loads.
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In the majority of cases, the results of the measured characteristics of the placed asphalt
layers made with the investigated asphalt mixes also satisfied the requirements of the Tsc,
except for the air voids content in the layers made of smA 8 PmB 45/80-65 and smA 11 PmB
45/80-65. This parameter has, in these two cases, values which are somewhat below the level
of the requirement of the Tsc (lower boundary: 3 % v/v).

The results of the tests of bitumens recovered from the asphalt layers after placing indicate
hardening by one grade in comparison with paving-grade bitumen (input 50/70, recovered
30/45), whereas in the case of the polymer modified bitumen PmB 45/80-65 it was found
that it had hardened to the recovered PmB 45/80-50 and PmB 25/55-65, and even to PmB
10/40-60, taking into account the penetration value and the softening point obtained by the
ring-and-ball method. The results of the Fraass breaking-point, ductility and elastic recovery
varied a great deal, so that it was not possible to define a rule with respect to the changes
which occurred in comparison with the input bitumens.

3.1 Testing of asphalt mixes at high temperatures — resistance to permanent deformations

The results of tests of the resistance of asphalt layers to permanent deformations at high
temperatures (see Table 3), which were performed according to the standard SISTEN 12697-22
(Small size device, procedure B, at 60°C in air) on cores taken from placed layers and on slabs
prepared in the laboratory by using the roller-compactor, can be evaluated as satisfactory,
taking into account the repeatability of different tests of the same mix, which confirms the
homogeneity and mutual comparability of the test specimens consisting of drilled cores of
the same type of mix or layer. The absolute values of the obtained results corresponding to
different types of asphalt show values which have the same order of magnitude, although
there are some significant differences between them.

The results of tests, on cores, of the resistance of asphalt layers to permanent deformations
at high temperatures, according to the procedure defined in SIST EN 12697-22, indicated the
best values for the binder courses made of Ac 22 bin PmB, which also satisfy the established
requirement for the maximum proportional rut depth given in siST 1038-1. They are followed
by the smaA 11 type mixes, which also satisfy the corresponding requirement of siST 1038-5,
and then, fairly equally, by the Ac 11 surf PmB and smA 8 mixes, which do not entirely satisfy
the corresponding requirements of sIST 1038-1 and -5.

Table 2 Results of Wheel Tracking Tests

Nr.  Asphalt Mix Type Level of Void Rut Depth  Proportional Wheel Tracking
Compaction Content Rut Depth Rate
% %V [V mm % mm/1000p

1 AC11surf50/70 100,5 5,0 2,8 7,9 0,19

2 AC 11 surf PmB 45/80-65 99,5 4,2 1,6 4,2 0,09

3 SMA8PmB 45/80-65 99,9 4,5 2,5 9,3 0,07

4 SMA 8 PmB 45/80-65 100,8 2,0 2,0 6,6 0,08

5  SMA11PmB 45/80-65 98,7 51 1,4 3,3 0,07

6  SMA11PmB 45/80-65 100,7 2,9 1,3 3,3 0,06

7 AC 22 bin PmB 45/80-65  101,1 4,9 0,8 1,3 0,01

8  AC22bin PmB 45/80-65 99,4 6,4 1,5 2,4 0,06
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3.2 Testing of asphalt mixtures at low temperatures

The properties of the investigated asphalt mixes at low temperatures, i.e. the resistance of
asphalt to cracking at low temperatures, was investigated by means of two types of tests:
uniaxial tensile tests and cooling tests.

Uniaxial tensile tests are performed at the following constant temperatures: T=+20°C, + 5 °C,

-10°Cand - 25 °C. Before the test starts the test specimen is stabilized without any load. After

such stabilization for 2 hours at the selected temperature +0,5°C, the test specimen is axially
loaded at a constant strain rate of v= (120,1) mm/min. The results obtained from the uniaxial
tension stress tests consist of the tensile strength and the failure strain corresponding to a
particulartest temperature. Failure must not occurin the adhesive. On the basis of the results
of these tests, the relationship between tensile strength and temperature is defined by means
of athird degree polynomial. At least three test specimens are tested at each test temperature.
The cooling test is used to simulate the loading of asphalt in the case of negative tempera-
ture changes due to cold weather. The test specimen is first conditioned for 2 hours in the
thermostatic chamber (10+0,5)°C, and then, while maintaining constant length with fixed
clamping, is continuously cooled. In order to perform the tests within a period of time which is
acceptable in the laboratory, a cooling rate of T=- (10+0,5) K/h was selected. Due to the fact
that temperature shrinkage is prevented due to the maintenance of constant length, forces
occurin the specimen, which can be called cryogenic (i.e. they are caused by cooling) tensile
stresses. Three test specimens are needed for each cooling test.

When the cryogenic stresses reach the region of the tensile strength, a crack occurs. The
results of the cooling test include, apart from the relationship between the cryogenic stre-
sses depending upon temperature, (1) the temperature at failure, which is the temperature
when the crack occurs, and (2) the tensile stress at failure, which corresponds to the failure
temperature. In order to be able to present the distribution of the cryogenic stresses and the
calculations of tensile strength, the results of the cooling test are approximated by means of
a third-degree polynomial.

The difference between the characteristic values of the tensile strength and those of the
cryogenic stresses is designated as the tensile strength reserve. This tensile strength reserve
determines a special characteristic of the asphalt, i.e that it is able to withstand, apart from
the tensile stresses due to cooling, also the tensile stresses due to traffic loads. The ability
of an asphalt to withstand cryogenic and mechanogenic tensile stresses is most pronounced
where the tensile strength has its maximum value. The greatest tensile strength reserve ARz
and the temperature at which it occurs, are read off from the graph.

Taking into account the results presented in Table 4, asphalt mix No. 4 (SMA 8 PmB 45/80-65)
could be ascribed the most favourable behaviour at low temperatures, followed by asphalt
mixes numbers 5, 3, 2, 7, 8, 6 and 1 (Ac 11 surf 50/70). In general, it was found that the diffe-
rences between the results for the compared variants of the same asphalt mix types, i.e. SMA
8, sMA 11 and Ac 22 bin, were small, except in the case of asphalt mix type Ac 11 surf, where
the difference between the test results obtained at low temperatures, for the two variants,
was, due to the different types of bitumen used, considerable.
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Figure1 Typical distribution pattern of the cryogenic tensile stress oz (1), the tensile strength 8 (T) and the
tensile strength reserve ARz (T) in the temperature / stress diagram.

The results of the tests which were performed in order to determine the resistance of asphalt
layers to cracking at low temperatures indicate (1) the best values for the asphalt mix type
SMA 8 (the variant with a higher content of softer bitumen is better), (2) approximately equal
results for both of the smA 11 asphalt mixes and for one of the variants of the asphalt mix
type Ac 11 surf (the variant with polymer modified bitumen), followed by both of the binder

courses (Ac 22 bin PmB) and the second variant of the smA 11 asphalt mix (with harder bitu-

men), whereas (3) the poorest results were, as expected, provided by the asphalt mix Ac 11
surf with paving grade bitumen.
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3.3 Comparison of the results of the high and low temperature tests

Taking into account the results presented in Table 4, it can be concluded that asphalt mix No.
5, i.e. SMA 11 PmB 45/80-65, shows the most satisfactory behaviour at high and low tempe-
ratures. This asphalt mix is followed by No. 7 (Ac 22 bin PmB 45/80-65), No. 4 (SMA 8 PmB
45/80-65), numbers 6 and 8 (SMA 11 PmB 45/80-65 and Ac 22 bin PmB 45/80-65), No. 2 (AC
11 surf PmB 45/80-65), No. 3 (SMA 8 PmB 45/80-65) and No. 1 (Ac 11 surf50/70).

Table 4 Comparative rankings of the investigated asphalt mixes with regard to their behaviour during high
and low temperature tests

Ranking of the investigated asphalt mixes with regard
to their behaviour in high and low temperature tests

Reference numbers and
designations of the investigated ™ @ ® @) ®) ©) @ ®

asphalt mixes
ACT AC11  SMA8 SMA8 SMA  SMA  AC22 AC22

surf surf 1 1" bin bin

Results of the  Failure Stress 3.251 4.919 4271 4.826  4.209 4330 5.145 4.01
Cooling Tests ~ N/mm?) (8 )] (5) ©)] (6) (4) Q) @)

Failure Temp. -21.4 -27.7  -27.3  -30.0 -315 -26.4  -24.3 -22.7

(°0) (® ©)] (4) )] Q) () (6) @)
Maximum Maximum 3.183 4340 5199 5.723  4.458 3.726  4.325 5.181
Tensile (N/mm?) (8 (5) )] Q) (4) () (6) 3)
Strength attemp. 1.6 95 17 4129 B35 92 -6.9 -9.6
Reserve (o] (® ®) ©)] 2 Q) (6) @) (@)
Results Rut Depth 2.8 1.6 2.5 2.0 1.4 1.3 0.8 1.5
of the (mm) ®) ) @ (6) ) @ Q) @)
Wheel-Tracking  proportional Rut 7.9 42 93 66 33 33 13 2.4
Test Depth @ ®) ® 6] )] ©)] Q] 2
(on cores) (%)

Wheel Tracking 0.19 0.09 0.07 0.08 0.07 0.06 0.01 0.06

Rate (® @) (4 (6 (@) 2 Q] 2

(mm/1000p)

Overall ranking (sum of the ranks)  8th 6th 7th 3rd 1st 4th= 2nd 4th=
(55) (32) (33) (26) (22) (29) (23) (29)

4 Conclusions

The aim of the study, which was to use the results obtained by tests at high and low tempe-
ratures to characterize the asphalt mixes used in Slovenia’s national motorway construction
program, was largely achieved, since most of the used types of asphalt mixes were studied,
whereas in the future it would be necessary to include asphalt mixes with newer types of
polymer modified bitumens, which appeared later on the Slovenian market.

The asphalt mix which appeared to be the nearest to the optimum, i.e. the best compromise
between resistance to permanent deformations and the best achievable behaviour at low
temperatures, was, according to the results obtained, sMA 11 PmB 45/80-65 (number 5). This
asphalt mix satisfied all the requirements with regard to resistance to permanent deforma-
tions, and at the same time achieved the lowest failure temperature during the cooling test
and the lowest temperature at which the maximum tensile strength reserve occurred. This
can be achieved only with a combination of (1) an asphalt mix composition, which, by itself,
ensures high resistance to wheel-tracking, and (2) a high content of bitumen, which has as
high as possible elasticity at low temperatures, but also sufficiently high viscosity (and a high
softening point), which is in direct dependence with resistance to wheel-tracking.
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A comparison of the results of the testing of the resistance of asphalt layers to cracking at low
temperatures for the wearing course of type smA 8 showed that the better mix is that with a
higher content of bitumen, which itself has somewhat better properties at low temperatures,
defined by the Fraass breaking-point and ductility. A comparison of these same two smA 8
mixes also showed that, taking into account the similar properties of the bitumen, in the case
of high temperatures the actual composition of the asphalt mix has an important effect on
the resistance to permanent deformations, i.e. the granulation curve of the stone skeleton
and, as a consequence, the mechanical-physical properties of the asphalt mix and layer, e.g.
its air voids content.

The same is true of the tested Ac 22 bin asphalt mixes for binder courses, which, designed
and produced within the framework of the valid specifications with the use of PmB 45/80-65,
provide satisfactory results particularly with regard to resistance to permanent deformations,
whereas for the assessment of behaviour at low temperatures there are presently insuffici-
ent comparative results (they are, however, better than the present results obtained for the
comparable asphalt mix type: Ac 32 base 30/50).

Taking into account all of the above-described effects and inter-relationships, it appears to be
possible to achieve a satisfactory compromise between the opposing properties of asphalt
mixes at low and high temperatures, with careful selection of the input materials for these
and their satisfactory design.
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