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The effect of fiber-rubber additive compositions
on the rheological properties of asphalt mastics

Abstract: The article presents the results of research on the effect of the composition of a fibre-rubber ad-
ditive, which is currently produced on an industrial scale in Poland and is used as a stabilizer for gap-graded
mineral-asphalt mixtures, such as SMA. The study included asphalt mastics composed of paving grade bitu-
men (unmodified)and limestone filler and additives: arubber powder obtained by grinding at ambient tempera-
ture - partially devulcanized and activated - and synthetic fibers from the textile cords of the end-of-life tires.
The tests included dynamic viscosity, rheological characterization for the evaluation of dynamic shear mod-
ulus with phase angle in oscillatory shear as well as multiple stress creep recovery tests for the evaluation of
non-recoverable creep compliance and elastic recovery at incrementally increasing stress values. The results
were related to the asphalt mastic without the additive, consisting only of unmodified bitumen and limestone
filler. The results of the research allowed for the assessment of the effect of fibre-rubber additive components
on the rheological characteristics of asphalt mastics, which allows for further development of technologies
for improving the properties of asphalt mixtures in an environmentally sustainable manner and increasing the
functionality of these additives.
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1. INTRODUCTION

1.1. THE NEED TO SEARCH FOR NEW
MATERIAL SOLUTIONS FOR ROAD
PAVEMENTS

With the continuous increase in traffic loads to which
road pavements are subjected, significant efforts are being
made to ensure the durability, quality and sustainability
of their construction and maintenance. Asphalt pavements
make up the majority of road surfaces in the world, and
asphalt mixtures are well suited for reuse in road con-
struction at the end of their life cycle in the pavement.
Currently, more than 95% of asphalt mixtures in Europe
are reused, but only about 20-25% of asphalt surfaces are
recycled [1]. This means that the road industry has signif-
icant prospects for the development of environmentally
friendly asphalt technologies, including technologies for
the regeneration and effective recycling of reclaimed as-
phalt (RAP).

Currently, more than 80% of emissions related to the en-
tire life cycle of asphalt pavements are generated before
the asphalt mixture leaves the asphalt plant [2], i.e. in the
production of raw materials (aggregate, bitumen, addi-
tives, etc.) and their transport, as well as in the production
process of the asphalt mixtures themselves. That is why
the optimization of processes at these stages has great po-
tential to ensure the ecological safety and sustainability
of bitumen technologies, in line with the assumptions of
the European Green Deal initiative [3], as well as other
programs that should lead to achieving carbon neutrality
by 2050.

Some of the prospective directions for reducing emissions
in the construction of asphalt pavements include, for ex-
ample, the use of technology for the production of warm
mix asphalt [4-8], the wider use of reclaimed asphalt in
the production of new asphalt mixtures, the reduction
of moisture content of mineral raw materials (aggre-
gate, sand, reclaimed asphalt), the use of bio-binders and
low-emission binders of other types, etc. [9-11].

Among solutions aimed at the use of recycled compo-
nents in the production of asphalt mixtures for reducing
dependence on the use of primary natural resources the
following can also be listed: modification of asphalt bind-
ers with rubber from recycled end-of-life tires (ELTs) and
recycled polymers, the use of products from the process-
ing of bituminous membranes, recycled aggregates from

construction and demolition waste, use of recycled as-
phalt pavement, steel slags, etc.

Landfilling of end-of-life tires is prohibited in the Euro-
pean Union, so end-of-life tire management models aim
to achieve 100% recycling. In 2019, Europe generated
3,555,611 tons of ELT tires, and more than 40% of this
amount (over 1.4 million tons) was burned in cement
plant furnaces [12], including the waste from production
of rubber granulates and powders — rubber-contaminated
synthetic fibres from textile cords.

Textile cord accounts for about 5.5% of the weight of
passenger car tires, about 3% of light trucks tires, and
about 10% of SUYV tires [13]. The textile cord is made
of high-quality polyester, polyamide, aramid and viscose
fibers. These fibers are very durable, resistant to high tem-
peratures and chemicals. Thanks to the activation of the
surface, they have increased adhesive properties in rela-
tion to rubber and asphalt binders. Therefore, using this
component of ELT tires as an energy source is not the
most efficient way of their utilization.

1.2. APPLICATION OF ELT TEXTILE CORD
FIBRE AS AN ADDITIVE TO ASPHALT
MIXTURES: THE CURRENT STATE

OF THE ART

A number of studies indicate a high environmental effect
of the scenario of using textile cord fibers of ELT tires
in asphalt mixtures instead of burning it as an alternative
fuel in cement kilns or disposal in landfills [13-15].

The authors [15] indicate the significant impact of synthet-
ic fibers from end-of-life tires in porous asphalt mixtures
and SMA mixtures in terms of increasing their fatigue
resistance by up to 70% while ensuring the technologi-
cal properties determined by the binder drainage test as
compared to cellulose fibre stabilized mixtures, resulting
in a significant (up to 15%) reduction in environmental
impact estimated on the basis of CED (Cumulative En-
ergy Demant), GWP (Global Warming Potential) and the
ReCiPe model.

It was found that in gap-graded mixtures the textile fibers
from ELT tires can perform a similar function as cellu-
lose-based additives, preventing segregation of the com-
pound [16-17], while positively affecting its resistance to
water [17]. Due to the limited absorption of the binder
by the fibres from ELT tires, it is possible to reduce the
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amount of binder in the asphalt mixture without deterio-
ration of its technical parameters [17].

The use of textile fibers from ELT tires in the composition
of asphalt mixtures can increase their resistance to crack-
ing [18], and one of the mechanisms of their action is to
delay the development of microcracks to macrocracks, as
indicated by the results of research [19]. However, it is
noted that in mixtures with reduced asphalt film thickness,
it is necessary to precisely optimize the bitumen content
based on the achievement of the required water resistance
indicators [18].

The results of tests of asphalt mixtures with a mixture
of textile fibers from ELT tires and rubber powder com-
bined with a bituminous emulsion indicate a significant
improvement in the fatigue life of AC and SMA asphalt
mixtures [20].

The authors of the study [21] presented the results of re-
search on the rheological properties of an asphalt bind-
er containing textile fibers from used tires, indicating,
among other things, an improvement in the rutting pa-
rameter |G*|/sind and recovery in multiple stress creep
recovery (MSCR) studies.

Domestically, experimental work was carried out on the
use of materials from the processing of car tires to pro-
duce asphalt mixtures. These experiments included use
of granulated rubber in combination with synthetic fibers
from ELT textile cords [22-23].

1.3. CHALLENGES IN THE USE
OF TEXTILE CORD FIBRES OF ELT TYRES
AS AN ADDITIVE TO ASPHALT MIXTURES

Additives for asphalt mixtures based on textile cord ob-
tained from ELT tires have not yet gained wide use, which
can be attributed to the high complexity of cleaning the
fibers and difficulty of processing them into a form suit-
able for simple and effective dosing and homogenization
in the production of asphalt mixtures at asphalt plants.
Obtaining an additive with constant and well-controlled
parameters and a form that allows easy dosing during the
production of asphalt mixtures requires attention at the
stage of raw material selection of a specialized technolog-
ical line. ELT textile cord fibers recovered directly from
the car tire processing process are in the form of loose
braided puffs, characterized by a high degree of heteroge-
neity and variability of properties [24].

An example of an effective solution to the above-men-
tioned technical problems is the fiber-rubber additive,
which meets the requirements described above and can
act as a stabilizing and strengthening additive in asphalt
mixtures [25]. The effect on the properties of asphalt mix-
tures of this additive can be shaped to a wide extent by
changing the length of fibers, the content and grain size of
the rubber powder contained therein and potentially sat-
urating it with a wide range of substances absent in the
primary raw material.

In the presently available studies, little attention has been
given to the optimization of the composition of this type
of additives, which can be associated with the difficulties
in controlling their properties. The obvious objective of
optimization in this area may be to ensure the homogene-
ity of the properties of the additive and the predictability
of the effect of its use as a component of asphalt mixtures,
aimed at improving the properties and durability of as-
phalt mixtures.

Therefore, in this study, an attempt was made to evalu-
ate the rheological properties of asphalt mastic containing
both textile fibers from ELT and fine rubber powder. An
attempt was made to investigate this type of asphalt mas-
tic with a composition similar to that found in actual SMA
asphalt mixture.

The asphalt mastic was selected for the substrate in the
conducted tests (as opposed to plain asphalt binder) due
to the introduction of relatively large particles of the ad-
ditives and significant impact of the properties of asphalt
mastic on the properties of the asphalt mixtures [26-28]
and the increasingly widely used research methods in this
field [29].

Experimental asphalt mastics with synthetic fiber and
rubber powder were produced without the use of addition-
al specialized equipment or processes aimed at obtaining
a high degree of homogenization — the mastic production
process corresponded to the method of “dry” modification
in the actual process of preparing asphalt mixtures during
the addition of a fibrous additive to the mixer at the as-
phalt plant, in order to maintain the strengthening effect of
the fiber, i.e. without its pulping, dissolving etc. The only
additional process not normally used in the asphalt plant
was the deagglomeration of additives in order to easily
distribute them in mastic on a laboratory scale. Limestone
filler, rubber powder and synthetic fibers were added
to the asphalt binder at the same time, as required. The
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results of the research will allow to determine effective
directions for the development of methods for optimizing
the composition and production of this type of granular
fibrous additives of high quality and efficiency for asphalt
mixtures of all types, including those produced using the
“hot”, “warm” and “cold” methods.

2. TEST METHODS AND MATERIALS
2.1. TEST METHODS

Dynamic viscosity of asphalt mastics was determined us-
ing a dynamic shear rheometer with coaxial cylinder ge-
ometry at temperatures of 100°C, 125°C, 150°C, 175°C
and at a shear rate of 1/s. The tests were carried out in
accordance with the PN-EN 13302:2018-06 standard.

The rheological properties of asphalt mastics in oscillatory
shearing mode (dynamic shear modulus, phase angle) were
determined at temperatures from 10°C to 90°C in steps of
10°C at frequencies from 0.16 Hz to 16 Hz under con-
trolled strain in accordance with PN-EN 14770:2024-01.

Multiple stress creep recovery tests were carried out in
accordance with the PN-EN 16659:2016-02 standard at
a temperature of 60°C, in sequences of increasing shear
stress values of: 0.1 kPa, 1.6 kPa, 3.2 kPa, 6.4 kPa,
12.8 kPa and 25.6 kPa.

The presented results of dynamic viscosity and oscillatory
DSR tests represent averages obtained from two samples
in the respective tests. Additional samples were tested
when the limits for repeatability provided by the testing
standards were exceeded. In the MSCR tests, four sam-
ples were tested, and 95% confidence intervals were cal-
culated (represented by the error bars in the figures).

2.2. MATERIALS AND SAMPLE
PREPARATION

2.2.1. Materials

The basis for the production of asphalt mastics was a 50/70
paving grade bitumen (denoted as A; penetration at 25°C:
64.1 0.1 mm; softening point: 47.8°C) and limestone min-
eral filler (denoted as MF) meeting the requirements for
a filler for the SMA wearing course mixture according to
WT-2 [30], which were mixed in the proportion of 1:1.79
(A:MF, m/m). The composition of the base asphalt mastic
reflected the proportions of the above-mentioned compo-
nents in the SMA 11 mixture meeting the national require-
ments [30].

The study used synthetic fiber (F) from the production of
crumb rubber from ELT tires and rubber powder (R) from
cleaning of ELT derived synthetic fibers (properties of
these components are provided in Table 1). The length of
synthetic fibers was determined on the basis of the parti-
cle size of the crumb rubber produced throughout the pro-
duction process. The granulometric composition of crumb
rubber and rubber powder was determined in accordance
with the requirements of PN-EN 14243-2:2019-04.

The process of preparation of the synthetic fiber used in
the study obtained from the processing of textile cord in
the production process of rubber granules (Fig. 1a), in-
cluded: cleaning from impurities (Fig. 1b), activation dur-
ing agglomeration (Fig. 1¢) and pelletizing to obtain hard
pellets (Fig. 1d) with a bulk density of about 450 kg/m? for
their long-term storage in packaging and easy homogeni-
zation in a mixer in asphalt plant.

Table 1. Characteristics of components from the processing of textile cord from ELT tires

Synthetic fiber (F) Rubber powder (R)
. . Content of fibers
Fiber length | Fiber content Average fiber Rubber powder content . o
[mm] [%] length [mm] [% fiber mass] Sieve [mm] | Passing [%] shorter than 1 mm
[% of rubber powder mass]
11-13 1.1-5.2 1.4 100
7-11 5.7-6.7 1.2 99.9
5-7 8.1-9.4 0.8 99.1
2.9 22.1-26.7 13.2-17.3

3-5 14.3-18.5 0.6 93.2
1-3 28.4-35.3 0.3 40.5
<1 29.2-38.2 0.15 1.1
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Fig. 1. Processing steps of synthetic fiber from ELT textile cord

Synthetic fibre in the form of pellets was deagglomerated
with the use of a knife shredder before commencing the
production of asphalt mastics in the laboratory. The rub-
ber powder obtained during the purification of synthetic
fibres also underwent the agglomeration, activation and
granulating stages, after which it was deagglomerated to
a homogeneous bulk state.

2.2.2. Sample preparation

The methodology of preparing samples for testing has
been developed taking into account the conditions during
the production of SMA mixtures in accordance with the
guidelines described in WT-2 [30] and the conditions for
conducting the binder drainage test in accordance with the
PN-EN 12697-18:2017-07 standard. The mixing and con-
ditioning temperature of asphalt mastic samples was set
at the level of 175°C, which is equal to the temperature of
binder drainage testing for a 50/70 SMA mix. Five differ-
ent compositions of asphalt mastics were analyzed in this
paper, differing in the amount of synthetic fiber (F) and
rubber powder (R) ranging from a reference asphalt mas-
tic (no fiber and powder additives included) up to 12%

of total additive content. Compositions of the analyzed
asphalt mastics are provided in the results section. For
each of the mixtures, three batches were prepared for test-
ing: immediately after mixing and one and two hours of
conditioning.

The mixtures were produced by adding hot mineral filler
and unheated synthetic fibres and rubber powder to the
previously weighed hot asphalt binder in glass contain-
ers. The temperature of the hot components of the mix-
ture was adjusted so that immediately after mixing, the
temperature of each batch was not lower than 165°C and
could be quickly brought to 175°C without overheating
the asphalt binder.

After mixing, the batches subjected to further condition-
ing were placed in a laboratory oven and their temperature
was controlled. Eventually, the mastics were poured into
separated silicone molds into blocks with dimensions of
100 x 20 x 20 mm in horizontal orientation, which limit-
ed the possibility of segregation of the mixture. Samples
for testing using in a dynamic shear rheometer were pre-
pared by trimming them off with a heated blade.
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3. RESULTS
3.1. DYNAMIC VISCOSITY

The results of the tests presented in Table 2 indicate that
the addition of both synthetic fibers and rubber powder
caused a significant increase in the dynamic viscosity of
asphalt mastics at all test temperatures. This effect, in
each case, was greater the higher the temperature of the
test. It was observed that the addition of synthetic fiber
had a smaller effect on the dynamic viscosity at lower
temperatures, while significantly increasing its value at
high temperatures (see experiments 3 and 4), which could
be attributed to larger surface area of the introduced ad-
ditives (fine synthetic fibers with fine rubber powder). It
can be speculated that at higher temperatures the flow
of the mastic is more affected by the particles suspend-
ed within it (filler, fibers, rubber powder), while at low-
er temperatures the properties of the asphalt binder have
higher significance in this scope. In the case of the highest
content of the analyzed additives in experiment 5, the po-
tential occurrence of a strong interaction of their joint use
was observed, manifested by a significant increase in the
tested parameter at 175°C. This increase goes beyond the
additive nature of the isolated effects of both additives,
which could be expected when comparing the results of
experiments 2 and 4.

When analyzing the results of the dynamic viscosity of
asphalt mastics from the point of view of the produc-
tion technology of asphalt mixtures, the results observed
in experiments 3 and 4 can be considered as beneficial,
showing an approx. 16-18-fold increase in dynamic vis-
cosity at 175°C and decreasing to 8-12 times for temper-
atures corresponding to the paving and compaction of
the asphalt mixture. This relates to increased resistance
to binder drainage, possibly without excessive negative
effects on compaction.

Table 2. Results of tests on the dynamic viscosity of asphalt mastics

3.2. RESULTS OF OSCILLATORY TESTS

The relationships between the values of the dynamic stift-
ness modulus and the phase angle presented in Fig. 2 al-
low to assess the effect of the additives on the viscoelastic
properties of the evaluated asphalt mastics in a wide range
of temperatures and loading times corresponding to pave-
ment operation.

Based on the results obtained for experiment 2, it can be
stated that the asphalt binder contained in the mastic in-
teracted with the rubber powder shortly after mixing the
components, and during the next hour the modification
with the rubber particles caused further slight changes in
the properties of the mastic. This statement can be based
on the change in the Black curve in the middle range of
dynamic shear moduli values (approx. 102 kPa) not ob-
served in the reference mastic (see experiments 1 and 2).
At this stage of the modification, no significant increase in
the values of the dynamic stiffness modulus was observed
at the highest temperatures and low loading frequencies.

The increase in the amount of additives used in experi-
ments 3, 4 and 5 has significant changes in the rheological
character of the mastics analyzed. A significant reduction
in the maximum values of the phase angle and an increase
in mastic stiffness were observed at the highest test tem-
peratures. It is worth noting that the shape of the Black
curves in the range of low temperatures and high frequen-
cies did not change equally in these cases — the biggest
difference is a slight decrease in the values of the phase
angles, but the maximum values of the dynamic shear
moduli observed in all experiments were comparable.

Fig. 3 presents the results of oscillatory tests in a dynamic
shear rheometer performed at a temperature of 60°C and
a frequency of 1.59 Hz. The effects of sample age (heating
time at 175°C) and the amount of additives used on the

Mastic composition Dynamic viscosity [Pa-s] Change in dynamic viscosity [%]
# A+ MF F R 100°C 125°C 150°C 175°C 100°C 125°C 150°C 175°C
1 1 0 0 165 28 7.7 2.7 - - - -
2 0.960 0 0.04 305 57 19.2 8.9 85 104 149 230
3 0.925 0.05 0.025 1061 262 88.6 46.5 543 836 1,051 1,622
4 0.920 0.08 0 1015 272 102.9 52.6 515 871 1,236 1,848
5 0.880 0.08 0.04 1542 836 279.3 195.2 835 2,886 3,527 7,130
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previously mentioned rheological parameters was evalu-
ated in detail. In the case of both the dynamic shear mod-
ulus and the phase angle, a significant effect of the time of
high temperature exposure in the asphalt mastic —additive
system can be noticed. While in the case of the reference
mastic a relatively small increase in stiffness and a de-
crease in the phase angle were observed in the analyzed
time of 2 hours, the changes in these values in the exper-
iments with the addition of rubber powder and synthetic
fiber were significantly greater and depended on the mas-
tic composition. In experiments 2 and 3, an initial increase
followed by a small decrease in the value of the dynamic
shear modulus was observed. In the case of experiments 4
and 5, where the amounts of additives used were higher,
the greatest increase in the stiffness of the material oc-
curred after the first hour of heating, and after 2 hours
a further slight increase in the dynamic shear modulus
was observed. Based on the values of the phase angle,

it can be stated that in most cases the largest changes were
observed after the first hour, while after 2 hours there was
a further slight decrease or stabilization of this parameter.

By analyzing the relationships presented in Fig. 4 show-
ing the changes in | G*| and & values measured at 1.59 Hz
but at different temperatures, it is possible to confirm the
observations based on the Black curves. All the analyz-
ed asphalt mastics were characterized by similar values
of the dynamic shear modulus at the lowest temperatures
considered, while at high temperatures an increase was
observed with the increase of rubber powder and syn-
thetic fibers content. In the evaluation of phase angles,
a significant effect of the additives on the reduction of
this parameter at high temperatures (80°C and 90°C) was
again noted in the case of experiments 3, 4 and 5. Tables 3
and 4 present the values of dynamic shear modulus and
phase angles of analyzed asphalt mastics determined at
the frequency of 1.59 Hz after 1 h of heating.
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Fig. 2. Black curves for the analysed asphalt mastics
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Fig. 4. Results of DSR rheometer oscillation tests performed at 1.59 Hz after 1 h of heating: a) dynamic shear modulus |G*|,
b) phase angle &

Table 3. Dynamic shear modulus determined at 1.59 Hz after 1 h of heating.

Mastic composition Dynamic shear modulus |G*| [kPa]
# A+MF F R 10°C 20°C 30°C 40°C 50°C 60°C 70°C 80°C 90°C
1 1.00 0.00 0.000 | 60,384 | 15,047 | 2,990 566 113 25 6.6 22 0.84
2 0.96 0.00 0.040 | 57,653 | 15,469 | 3,406 768 198 57 17.6 6.1 2.39
3 0.93 0.05 0.025 | 57,969 | 17,190 | 4,373 1,122 391 131 51.5 232 12.12
4 0.92 0.08 0.000 | 49,453 | 15,671 | 4,264 1,178 302 110 49.9 27.3 17.80
5 0.88 0.08 0.040 | 59,610 | 19,382 | 5,717 1,705 621 229 99.6 51.7 31.09
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Table 4. Values of phase angles determined at 1.59 Hz after 1 h of heating.
Mastic composition Phase angle 6 [°]
# A +MF F R 10°C 20°C 30°C 40°C 50°C 60°C 70°C 80°C 90°C
1 1.00 0.00 0.000 51.5 59.0 66.0 72.4 78.0 82.8 86.0 87.7 88.2
2 0.96 0.00 0.040 47.8 54.9 60.4 63.3 67.1 71.3 76.2 80.2 82.3
3 0.93 0.05 0.025 44.7 50.7 55.6 59.7 60.4 61.0 60.6 58.6 55.1
4 0.92 0.08 0.000 41.5 479 533 56.2 59.6 57.6 52.8 46.4 40.1
5 0.88 0.08 0.040 423 48.1 52.5 55.1 55.7 54.5 52.6 49.2 44.2

3.3. MULTIPLE STRESS CREEP RECOV-
ERY TESTS

Figs. 5 and 6 present the results of the multiple stress
creep recovery tests performed on the asphalt mastics.
The results of the tests presented in the diagrams were
carried out at shear stress of 3.2 kPa and 25.6 kPa. The
non-recoverable compliance J,, values obtained measur-
ing the asphalt mastics were much lower than in the case
of typical asphalt binder test results — all results were low-
er than 0.5 kPa'!, therefore it was decided to present the
results as MPa™.

In the analyzed experiments, the values of non-recover-
able creep compliance decreased with increasing dosage
of rubber powder and synthetic fiber. In the extreme case,
an approx. 100-fold reduction in the J, parameter was
obseved (comparing experiments 1 and 5). In all cases,
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the heating of asphalt mastics for 1 hour resulted in a de-
crease of the J  values, which in some cases were further
reduced after the second hour of heating — particularly in
case of experiments 4 and 5 with the highest synthetic fib-
er content. By comparing the results presented in Figs. Sa
and 5b some observations about the susceptibility to the
increase of the shear stress of the mastics can be made. In
each of the cases analyzed, an increase in the value of J
was observed after increasing the shear stress to 25.6 kPa
as expected. However, the relationships observed at the
stress of 3.2 kPa were maintained at the stress of 25.6 kPa,
which allows us to conclude that the introduction of addi-
tives in the form of rubber powder and synthetic fiber to
the asphalt mastic did not have a negative effect on this
characteristic.
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Fig. 5. Non-recoverable compliance J,, values determined at 60°C and at stresses of: a) 3.2 kPa, b) 25.6 kPa
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Fig. 6. Recovery values R% determined at 60°C and at stresses of: a) 3.2 kPa, and b) 25.6 kPa

As shown in Fig. 6, it can be stated that the addition of
rubber powder and synthetic fiber in the composition of
asphalt mastics resulted in a significant increase in the R%
recovery values obtained in the MSCR study. As can be
seen in Fig. 6a, the asphalt mastic based on the paving
grade bitumen without the ELT derived additives was
characterized by R% values not exceedingly approx. 7%,
while the addition of rubber powder alone in experiment 2
caused an increase of this value to 25% immediately af-
ter its addition. A further increase in R% after one hour
and two hours of heating the material at a temperature of
175°C was observed. In experiments 3, 4 and 5, recovery
values exceeding 50% were obtained and they also in-
creased with the exposure of the material to high temper-
atures. Subjecting the mastics to a shear stress of 25.6 kPa
in all cases resulted in a decrease in the observed values
of R% recovery, which is a typical observation also in the
case of polymer modified asphalt binder tests. The largest
reductions in R% were observed when the mastics were
tested immediately after mixing with rubber powder and
synthetic fibers. In the case of experiments 3 and 4, high
recovery values of up to approx. 50% were obtained after
prolonged exposure of the material to heat. The highest
values of R% recovery were achieved in experiment 5 and
even under the 25.6 kPa shear stress the recovery exceed-
ed 75% after one and two hours of heating at 175°C.

4. CONCLUSIONS

The results presented in this paper regarding the perfor-
mance of asphalt mastics consisting of 50/70 paving grade
bitumen, limestone filler, fine rubber powder (0/2 mm)
and synthetic fiber allow to formulate the following

general conclusions regarding the effects of the analyzed
ELT-derived materials:

1. They significantly increase the dynamic viscosity of
asphalt mastic; the magnitude of this effect depends
on the test temperature — the increase in viscosity re-
sulting from the use of additives was lesser at lower
temperatures (e.g. 125°C) than at higher temperatures
(e.g. 175°C).

2. They significantly affect the rheological character of
the asphalt mastic, improving its high-temperature
properties and giving it elastic properties similar to
those seen in polymer modified bitumen — e.g. signifi-
cant recovery values (in the range of 50-80%).

3. The performance of asphalt mastics evaluated in this
article remained stable throughout the analyzed time
of high temperature exposure (175°C, up to 2 hours) —
in some cases significant improvement with time was
observed.

In all analyzed cases, a beneficial effect of the condi-
tioning time of mastics containing synthetic fiber and/or
rubber powder was found. The investigated time span
included the time from the mixing of these components
up to two hours, under a high temperature correspond-
ing to the production temperature of the SMA mixture
with a 50/70 asphalt binder. The largest changes in the
performance of the masks were observed after 1 hour of
conditioning, with further beneficial changes occurring
after the second hour of heating. The observed results al-
low us to conclude that after mixing of asphalt binder and
mineral filler with the rubber powder and synthetic fibers,
the asphalt binder is affected rapidly, both with rubber
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contained in rubber powder and small fractions of rubber
contained in the synthetic fiber mixture.

The observed effects, e.g. in terms of changes in the val-
ues of dynamic shear moduli at high and low tempera-
tures (large increases and small changes respectively)
and phase angles, allow us to conclude that the additives
changed the properties of asphalt mastics, resulting in
performance which would be expected if polymer mod-
ified bitumen were used. While the independent addition
of the rubber powder significantly reduced the values of
phase angles in the middle range of the complex modu-
li, the addition of synthetic fiber affected both the middle
and lower ranges of the stiffness moduli (corresponding to
high temperatures and long loading times).

As shown by the results of MSCR multiple stress creep
tests, the use of additives in the composition of mastics
increased their sensitivity to changes in shear stress, but
despite this, mastics with ELT derived additives exhib-
ited manyfold lower values of non-recoverable compli-
ance even at high shear stresses than the reference asphalt
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Wptyw dodatku wtdknisto-gumowego
na wtasciwosci reologiczne mastyksow asfaltowych

Streszczenie: W artykule przedstawiono wyniki badan wptywu sktadu dodatku wtéknisto-gumowego, ktory jest
obecnie produkowany na skale przemystowa w Polsce i stosowany jako stabilizator do mieszanek mineralno-
-asfaltowych o nieciggtym uziarnieniu, takich jak SMA. Przedstawiono wptyw sktadu ww. dodatku na wtasciwosci
reologiczne mastykséw asfaltowych, sktadajgcych sie z asfaltu drogowego i wypetniacza wapiennego. Pierwszym
sktadnikiem dodatku jest miat gumowy otrzymywany przez mielenie w temperaturze otoczenia, czesciowo dewul-
kanizowany i aktywowany. Drugi element sktada sie z wtokien syntetycznych pochodzacych z kordéw tekstylnych
zuzytych opon, ktore sg oddzielane i przycinane na wymagang dtugos¢ podczas obrobki zuzytych opon. W ekspe-
rymentach zmiennymi byty zawartosci dwoch sktadnikow dodatku. Oceniane charakterystyki obejmowaty lepkos¢
dynamiczng i charakterystyki reologiczne oceniane z wykorzystaniem reometru dynamicznego scinania, w tym
zespolonego modutu $cinania i kata przesuniecia fazowego w oscylacyjnym $cinaniu, a takze nieodwracalng po-
datnosc¢ na petzanie z oceng nawrotu sprezystego w badaniach cyklicznego petzania z odprezeniem z przyrostowo
rosngcymi wartosciami naprezen. Uzyskane wyniki odniesiono do mastyksu asfaltowego bez dodatku, sktadajace-
go sie wytgcznie z niemodyfikowanego asfaltu i wypetniacza mineralnego. Wyniki badan umozliwity ocene wptywu
sktadnikow dodatku wtdknisto-gumowego na charakterystyki reologiczne mastyksow asfaltowych, co pozwa-
la na dalszy rozwdj technologii poprawy wtasciwosci mieszanek mineralno-asfaltowych w sposob srodowiskowo
zrownowazony oraz stwarza mozliwosci zwiekszenia funkcjonalnosci tych dodatkow.

Stowa kluczowe: granulat gumowy, kord tekstylny, mastyks asfaltowy, recykling opon samochodowych, zuzyte
opony samochodowe.




