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Application of rubber dust in modified asphalts for SMA mixtures

Abstract: The experimental investigation described in the paper refers to the properties of
asphalts and asphalt mixtures with addition of rubber wastes. The influence of rubber
additive, on rheological properties, viscosity, penetration, softening point of the asphalts were
analyzed. An innovative technique based on the combined use of microscopic observations
was developed. Tests results were compared to the conventional asphalts. Positive effects of
modification were recorded. Two types of asphalt mixtures were prepared on the same
mineral aggregate. For reference a Stone Matrix Asphalt (SMA) was used with polymer
modified (PM) asphalt 45/80-55. Then the Stone Matrix Asphalt was prepared on the base of
asphalt-rubber (45/80-55 AR). These materials were tested on rutting and water and frost
resistant. The results indicated that the SMA mixtures prepared on the base of rubber
modified asphalt exhibit greater resistance to permanent deformation, at elevated temperatures
and greater water and frost resistance than the conventional SMA mixtures. Tests results were
compared to technical requirements for SMA layers. It was found that this type of asphalt
mixture can be successfully used in road surfaces, especially exposed to freezing.

Keywords: Asphalt mixture; SMA mixture; rubber asphalt; Recycling; Dynamic viscosity.

Introduction

The continuous increase in car traffic forces the use of road surfaces, made of high-resistance
materials, to adverse loads. One of the ways to improve the properties of MMA is the use of
modified bituminous binders. In connection with the end of a life span of car tires, the
question arises what to do with such exploited materials. The issue of the re-use of waste
materials (recycling) is a topic increasingly common in construction technology [1, 2, 8, 13,
14, 23]. This is also the case with rubber materials [5, 6, 11]. The reuse of waste materials
significantly contributes to reducing the consumption of natural resources. In addition, the use
of rubber waste leads to a practical solution to the environmental problem: it reduces the
negative impact on the environment and reduces the emission of harmful greenhouse gases.
The economic benefits obtained in this way cannot be overestimated.

The asphalt-rubber binders are increasingly used for the construction of road and airport
pavements. Rubber modified asphalt technology originates from the USA. In 1940, Rubber
Reclaiming Company launched a product called Ramflex, which was a dry additive of
processed rubber used for road asphalt. In the 1960s, Charles McDonald introduced the rubber
modified asphalt called Overflex [24]. The technology of rubber modified asphalt in Poland
was carried out, among others [4, 15, 21]. The first attempts to use rubber dust for
modification of mineral-bituminous mixtures were most often experiments on a laboratory
scale and concerned on the technology of rubber modified asphalt using the "dry" method
[10].

SMA mixtures were originally developed in the 1960s in Germany in road constructions with
high-traffic volume. These type of asphalt mixture has high content of asphalt binder and gap
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coarse aggregate gradation. From this reason it should be composed with stabilizing additives
such as cellulose fibers or mineral fibers [17]. The rubber modifying of SMA mixtures can
bring positive effects on the strength parameters of these mixtures and also on their stability
during the transport and embedding process.

The first applications of the asphalt-rubber binder were in the US highway industry
[12], mainly concerned the covering of damaged (cracked) concrete cement pavement.

The used rubber granulate can be introduced into the mineral-bituminous mix with two
methods: dry process and wet process [22].

The dry process consists of adding mineral granulate with grain size up to 2.0 mm in
an amount of about 2-3%. As a result, we get a mineral-bituminous mixture with rubber grit
inclusions. The addition of rubber reduces the stiffness of the mix thanks to which it increases
its resistance to cracking. Despite the simplicity of the modification process itself, the dry
process is not very popular because we get a mineral-bituminous mixture which is difficult to
thicken (rubber granulate behaves elastically during thickening) which causes loosening of the
mix structure. The result is a high content of free space in the mixture, significant
absorbability, and low frost resistance.

The wet process is based on the earlier modification of the bitumen binder with a
rubber granulate and the introduction of a finished asphalt-rubber binder into the mineral mix.
The effect of the modification depends on the granulation of the rubber granulate, the amount
of added rubber, the method of combining asphalt with rubber (temperature and mixing
intensity), the time of mixing, the time of "maturing" of the new binder. Rubber granules are
dosed in an amount of 10 to 20% in relation to the binder. Too much rubber granulate,
especially on harder asphalts, results in a bituminous mineral mix with difficult workability
during embedding.

Typical road asphalts are suitable for modification, however, it should be remembered
that the addition of rubber granulate changes the properties of the binder. The type of binder
used depends on the type of mineral-bituminous mix in which the asphalt-rubber binder will
be used. The basic tests of the asphalt-rubber binder are viscosity, penetration at 25°C,
softening point according to R&B (Ring and Ball method) and elastic recovery at 25°C.

The use of rubber modification results in changes in the rheological properties of road
asphalts [7, 18].

The grinding of rubber from used car tires is based on mechanical cutting and
grinding, and the obtained product contains rubber, fabric, and metal. Grinding can be carried
out by the cryogenic method or in normal atmospheric conditions [9].

Materials and methods

Scanning electron microscope (SEM) analysis showed that the crumped rubber (CR) has
different surface depending on grinding method. An example of rubber after crushing in
multiple magnifications — cryogenic method, is shown in Figure 1. Rubber granules having a
regular graining (so-called crumb rubber [19], rubber dust or rubber powder), shredded at
room temperature, are also often used to modify the asphalt - Figure 2. The subject of this
work was the analysis of the modification of an asphalt binder with a rubber dust.
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2. The view of rubber dust grains

The research program analyzed the impact of the use of rubber modification on the
properties of bituminous binders and asphalt mixtures by the wet process. The tests took into
account modified bitumen 45/80-55 and analogous with the addition of rubber marked 45/80-
55 AR. Studies show that the optimal addition of rubber at around 10% percent gives positive
effects on the properties of future MMA mixtures [20].

All examinations were carried according to standard procedures which are used in
European road laboratories (European standards EN). First stage of tests was to define basic
properties of asphalts. Three general tests for asphalts were carried:

® softening temperature test according to EN 1427,

e penetration test according to EN 1426,

¢ dynamic viscosity test according to EN 13302.

These tests allowed to estimate, if modified asphalt may be used to make SMA mixtures.

Second stage of the experimental program, were tests of SMA mixtures. The mixtures
were designed according to boundary grading curves — for aggregate, and design criterions,
adequately to SMA demands [16]. The mixing process was carried on with guidelines
presented in EN 12697-35. A compacting method was adapted to particular test samples,
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according to EN 13108-5 and EN 13108-20. After the compacting process, tests for SMA
mixtures were carried. In the experimental program, following tests were used:

e durability on water and frost test according to EN 12697-12,

® rutting test according to EN 12697-22.

Results of all tests are presented further in this paper. The analysis of results can be
helpful to enter the rubber modified mixtures to common road practice.

Results and discussion

Asphalt binders

At the beginning, the influence of the use of a rubber additive in an asphalt binder on
penetration and the softening temperature was analyzed. These features are commonly used in
the assessment of the suitability of bituminous binders for applications in selected layers of
road surfaces. Penetration and softening temperature make it possible to assess the resistance
of the future asphalt mixture to the formation of permanent deformation and low-temperature
fractures. As a result of the test cycle, results for penetration were obtained - Table 1. The
results of the softening point analysis of the bituminous binders used are listed in Table 2.

Tab. 1. Penetration of the asphalts

Asphalt type Penetration at 25°C
PMB 45/80-55 [0,1mm] 45 - 80
PMB 45/80-55 AR | [0,1mm] 49,0

Tab. 2. The R&B softening temperature

Asphalt type Softening temperature [°C]
PMB 45/80-55 >55
PMB 45/80-55 AR 55.8

As a result of the experiment, it was found that the depth of penetration in the case of
rubber modified asphalts is much lower than in the case of asphalt without a rubber additive.
The results obtained are located in the lower part of the required range of penetration of
modified asphalt. The R&B tests indicate that the rubber additive in the asphalt, which is
sufficiently quantitative, does not cause major changes in the softening temperature compared
to conventional modified binders. Obtained softening temperature results met the
requirements for modified binders used for SMA layers according to [16].

In the dynamic viscosity tests, a Brookfield rotational viscometer was used. Four
temperature levels were used to estimate the viscoelastic properties of the tested asphalts. The
results of dynamic viscosity tests for rubber modified binder 45/80-55 AR are shown in
Figures 3,4, 5 and 6.

16



Transportation Overview - Przeglad Komunikacyjny

3/2021

320
Temp. 90 deg.
315 31,24
K . 0,028
* g =31,407x®
© 31,0 : y=34
% 0 30,58 R?=0,9349
°. ]
E . @
g 305 =2 30,28
S . 3015 30,12
> I
L 300 29,73
£ 2 i
S i 2 2957 29,47
> 295} —F+—+ - . e, DA
© 29,12
29,0 L.
00 1,0 20 30 40 50 60 70 80 90 100 110
number of rotations per minute
3. Asphalt dynamic viscosity at 90°C
12,8
126 Temp. 100 deg.
124 ® 12,47
" .
© 122 (512,20 y =12,294x9%%
= B R? =0,949
Z 120 b..gz,os
Z €711,93
g 118 @ ..
2 1181 @ ™. g
Qe 116 11,70 ® g r2® 11,53
= 11,62 e, )
g 114 — 536 i3t
............. °
T ® 11,27
11,0
00 1,0 20 30 40 5,0 6,0 70 80 90
number of rotations per minute
4. Asphalt dynamic viscosity at 100°C
59
58 o= Temp. 110 deg.
w57 -
o L :,2762 y =5,805x20%
E- 5,6 .' 5,59 R?=0,917
3
>
2 5,48 .. 540
£ 54 544 @ ¥ g538 532
e 539 Tt ° 583
> o0 T T e
T 53 o el
5,30
52
00 20 40 60 80 100 120 140 160 180
number of rotations per minute

5. Asphalt dynamic viscosity at 110°C
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6.Asphalt dynamic viscosity at 135°C
For polymer-modified asphalt, examples of viscosities are shown in Table 3 [3].

Tab. 3. Dynamic viscosity of conventional modified asphalt

Test temperature Result Unit

Dynamic 90°C 4433 Pa*s
viscosity

135°C 1,12 Pa*s

160°C 0,22 Pa*s

On the basis of the obtained research results, a relationship was developed showing the
dynamic viscosity as a function of temperature for rubber modified asphalt, and this
dependency was compared with the characteristic of a conventional asphalt binder 45/80-55 —
Figure 7.
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7. Asphalt dynamic viscosity as a function of temperature

It was found that at low temperatures, the traditional polymer modified asphalt has a
higher viscosity, while at higher operating temperatures, the analogous asphalt with the
addition of rubber shows higher viscosity. Interestingly, asphalts exhibit comparable viscosity
at a temperature close to the incorporation of the SMA mixture into the road surface (approx.
135-140°C). It can, therefore, be concluded that the use of a rubber additive in an asphalt
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binder will not worsen the compaction conditions of the asphalt mixture. Rubber modified
asphalt can, therefore, be successfully used in the manufacture of SMA mixtures.

SMA mixtures

The aim of the laboratory tests was to compare the recipe of the SMA type mixture, with the
addition of rubber dust, with a conventional mixture based on polymer modified asphalt. For
comparative purposes, a study was carried out on the SMA mixture based on the frequently
used modified asphalt 45/80-55, without the addition of rubber.

As the superstructure of the mineral-asphalt mixtures, the volcanic aggregate was
used, in the amounts shown in table 4. The filler was limestone flour. The addition of fibers
stabilizing the structure of SMA, preventing excessive flow of the asphalt binder, during
transport and installation of the mixture was also used. Two types of binders were
implemented: conventional asphalt and asphalt with 10% rubber dust (to the weight of the
binder). Rubber addition was replacing also the stabilizing fibers.

Tab. 4. The composition of mineral-asphalt mixtures

Share in Share in mineral-
Component mineral mixture | asphalt mixture
(-] [%] [%]
Filler 10,0 9,4
Fine broken aggregate 0/2 13,0 12,2
Coarse aggregate 2/5 11,0 10,3
Coarse aggregate 5/8 19,0 17,8
Coarse aggregate 8/11 47,0 44,1
Asphalt binder 6,2
Adhesive agent 0,3 % of asphalt
Stabilizing agent 0,45 % of MM

In the mineral-asphalt mixtures, an optimal graining curve was applied, located in the
field of good grain size according to [16] — Figure 8.
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8. Grading curve of SMA mixtures
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In the asphalt mixtures research program, tests were used to assess the properties of
SMA mixtures, while designing them and verifying correctness, used according to [16]. Basic
research includes water resistance and resistance to permanent deformations — rutting.
The comparison of the properties of the tested mineral-asphalt mixtures is presented in
Figures 9 to 11.
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11. Rutting of SMA mixtures cont.

During the laboratory tests, a significant improvement in the properties of mineral-
asphalt mixtures was demonstrated after the use of a rubber modified binder. After applying
this type of binder, a significant improvement in the resistance of MMA to water and frost
was achieved. In the sensitivity test of water samples, an additional freezing cycle was
applied. The resistance to rutting was also greater in the case of mixtures based on asphalt
with the addition of rubber. The rutting speed was analogous for both types of mineral-asphalt
mixtures. The addition of rubber will favorably affect the tested characteristics. The results of
the analyses were compared with the technical requirements set for ordinary SMA mixtures —
table S.
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Tab. 5. Criteria for designing SMA mixtures [16]

Properties Symbol | Unit Result Requirement
(-]
Resistance to rutting (small apparatus, 45/80-55 | 3,71
60 °C, 10000 cycles). The maximum | PRDaRr [%] 45/80-55 <5,0
proportional rut depth AR 3,33
Resistance to rutting (small apparatus, [mm/10° 45/80-55 | 0,03
60 °C, 10000 cycles). Wheel tracking | WTSar Wi 45/80-55 <0,30
slope (rutting speed). cykli] AR 0,03
Indirect tensile strength index (25°C, 45/80-55 92,64
1 freezing cycle, samples compacted | ITSR [%] 45/80-55 >90
2%35 blows) AR | 9372

MMA with the addition of rubber dust should be evaluated positively. The technical
requirements for the tests have been met.

Conclusions

The results of asphalt binder tests show an improvement in the properties of the asphalt used
after rubber modification. It was found that the stiffness in the lower temperature range,
represented by the penetration parameter, in the case of rubber modified asphalts is higher
than in the case of asphalts without a rubber additive. On the other hand, susceptibility in the
upper temperature range, described by the softening temperature, for asphalts with a rubber
additive is analogous in comparison to conventional modified binders. At low temperatures,
the traditional polymer modified asphalt has a higher viscosity, while at higher operating
temperatures, the analogous asphalt with the addition of rubber shows higher viscosity. It is
interesting to note that asphalts exhibit a comparable viscosity at a temperature close to the
installation of the SMA mixture in the road surface (approx. 135-140°C).

As a result of the analysis, it was found that MMA containing rubber modified asphalt
45/80-55 AR meets the requirements of technical guidelines [16], and can be approved for use
on road surfaces.

Tests of road material have been carried out and the analyzes allow to draw the following
conclusions:

¢ The use of a rubber additive changes the properties of asphalt binders.

e There is a certain amount of rubber additive - about 10%, which allows optimal

modification of asphalt binders.

e The use of the wet process gives positive results when it comes to the strength

parameters of mineral-asphalt mixtures.

e The rubber modifying of SMA mixtures bring positive effects on stability (by

reducing asphalt viscosity) during the transport and embedding.

® mineral mixtures with the addition of rubber dust, meet the design criteria for SMA

layers and can be used in road construction.

e The reuse of waste materials can significantly reduce the consumption of natural

resources.

e The use of rubber waste can reduce the negative impact on the environment and the

emission of harmful greenhouse gases.
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