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Abstract

This paper presents the effects of synthetic fibers from car tire recycling on the properties of binder course asphalt concrete.
The asphalt concrete was produced in conventional hot mix asphalt technology as well as in lowered temperatures as warm
mix (WMA) and half-warm mix asphalt (HWMA). The aim of the research was to analyze the influence of fiber content
and the production technique on the air void content, moisture resistance (ITSR), resistance to permanent deformation
(WTS ), stiffness modulus at 20°C and fatigue resistance under indirect tension test. The performed analyses have
proven the influence of synthetic fibers on the characteristics of asphalt concrete produced in WMA technology (with
synthetic F-T wax modified bitumen) and HWMA technology (with foamed bitumen) to be significant.
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1. Introduction

The dynamic increase in traffic and the rising share
of heavy goods vehicles in its structure are the reasons
for the rise of new requirements for road structure
design and development for new road materials so
that those new challenges can be met.

The structure of a road surface must bear increasing
loads, so the fatigue resistance of materials (especially
those forwearing course layers) hastobeimproved[10].
The processes associated with the production of those
materials are highly energy intensive. Bitumen road
construction materials are produced at temperatures
ranging from 160°C to 180°C (depending on the
bitumen type used), which is a source of wide critique
throughout the world because of the negative impact
on the environment. Low carbon dioxide emission
processes are preferred to reduce the greenhouse
effect and research have been carried out to lower
the mineral-bitumen mix production temperatures
[4,5,7,8,9, 12]. A new warm mix asphalt (WMA)
technology was developed to lower the production
temperatures by 20°C to 30°C. However this decrease
does not allow to achieve the expected environmental
effects in emission reduction. To resolve this problem,

studies are performed to implement the half warm mix
asphalt technology which permits the production of
the mineral-bitumen mix at ca. 100°C, resulting in up
to 80°C temperature reduction.

Another important issue in modern road engineering
is the problem of recycling. Cold recycling of asphalt
pavements with the use of bituminous emulsion
and foamed bitumen binder is widely used [1, 2,
3, 6]. New structural materials, in which recycled
substances from other branches of industry could
be used, are under development. In this way,
waste materials which are a product of almost any
production industry instead of being stored could
be incorporated into road structure. What is more,
new strict environmental regulations are inducted,
according to which every existing actions and future
developments must realize criteria of: economic
efficiency, environmental protection and safety of
human health.

The idea of recycling in civil engineering has recently
flowered under the slogan of “Environmentally
Friendly Roads”. One of the ways to realize this goal
is by the use of worn tires, which due to increasing
wheel transport and increasing quantities of this
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Table 1. Properties of base 35/50 bitumen and the 35/50 F-T wax modified bitumen (3% modification)

Characteristic Unit of measurement Test method Binder
35/50 35/5043.0% F-T
Penetration grade at 25°C 0.1mm EN 1426 4 29
Ring and Ball temperature °C EN 1427 55.6 725
Breaking point temperature °C EN 12593 -8 -6

waste, are difficult to dispose or to store [11]. Besides
the techniques that use tires as a whole and so called
energy recycling (heat recovery during combustion of
rubber) are available. A new innovative solution to this
problem is to use the ground tire cord. This technology
is meant to provide fibers with an addition of rubber
granules by grinding whole tires. The introduction of
such a material into mineral-bitumen mixes creates
a possibility of achieving a pavement with increased
durability, rubber modification of the binder and
improvement of the mix’ rheological characteristics.

Recently, the fiber acquired from processing of the
textile tire cord has become especially appealing.
This material is composed of synthetic polymer fibers
approximately 30 mm long accompanied by rubber
granules (40% by mass) characterized by granulation
below 8 mm.

Taking those properties into account, the
introduction of the recycled tire material may have
a significant effect on the characteristics of asphalt
concrete produced at lowered temperature range
of production and paving. By combining the waste
material — recycled tires — and production of the
mineral-bitumen mix at lowered temperatures, it
may be possible to increase the durability of asphalt
concrete along with a significant decrease in the
environmental impact of the bituminous pavements.

2. Asphalt concrete mix design

The evaluation of the impact of synthetic fibers and
production technology (HMA, WMA, HWMA) was
conducted on asphalt concrete mix for binder course
layer under traffic load KR3 — KR4. The asphalt
concrete mix was designed according to technical
guidelines WT-2 2010 [13]. The fiber additive was
composed of 20% rubber granules and 80% fibers.
One of the effects of the presence of rubber is an
increase in fatigue resistance of the asphalt concrete.

2.1. Properties of the bitumen

In the laboratory investigations for the asphalt
concrete in the conventional HMA technology for
binder course layer according to guidelines WT-2 2010
[13] and European standard EN 13108-1, the 35/50
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bitumen was used. For the use in the WMA technology,
the bitumen was modified with synthetic Fisher-
Tropsh wax (3% content in relationship to the binder).
For the HWMA the bitumen was additionally foamed.
The modifier used in the research (F-T wax) is an odor-
free, granular, milk-like color substance, solidifying
at the temperature range from 70 to 100°C. One of
the properties of the F-T wax that permit production
of asphalt concrete at lower temperatures, is the fact
that it decreases the viscosity of bitumen. Selected
properties of the base 35/50 bitumen and the 35/50 F-T
wax modified bitumen are presented in Table 1.

The synthetic F-T wax is a hard-crystalline long
chain aliphatic-polymer paraffin obtained in coal
gasification. It is produced by heating coal or natural
gas up to 280°C in a presence of catalyst. During
this process, the wax solidifies in a form of regular
disjointed bars. This form provides the structure
that increases the viscosity of bitumen in operation
temperatures of a bitumen pavement, which increases
its resistance to permanent deformations.

The HWMA technology with foamed bitumen has
been under rapid development since the first decade of
XXI century. The fundamental parameters of foamed
bitumen that decide about its usefulness for this
technology, are the expansion ratio (ER) and half-life
time (t,,). Those parameters are conditioned, among
other things, by the initial temperature of the binder
(before foaming) and the amount of foaming water. The
characteristics of the foamed 35/50 bitumen modified
by 3% content of F-T wax are shown in Figure 1.

Fig. 1. Characteristics of foamed 35/50 bitumen
(with 3% F-T wax content)
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Optimum foaming water content of FWC = 2.5%
was determined based on the relationship shown in
figure 1. The obtained bitumen foam parameters at
this point were: ER = 18.6 and t, ,= 16.3 s.

2.2. Mix design procedure

The binder course asphalt concrete (AC 16 W)
mineral-bitumen mix for KR3 — KR4 traffic load
was designed according to European standard EN
13108-1 and technical guidelines WT-2 2010 [13].
The general composition of the mineral mix (MM)
is presented in table 2. The grading of the designed
mineral mix for the asphalt concrete is presented in
Table 3 and Figure 2.

Table 2. The composition of the mineral mix for asphalt
concrete AC 16 W

bitumen binder content. The mixes M1 and M2 were
produced in warm technology and the M3 and M4
samples were produced as half warm mixes with
the use of foamed bitumen. The binder used for all
samples produced at lowered temperatures (WMA,
HWMA) was a 35/50 bitumen modified by 3%
addition of F-T wax. To achieve required void ratio,
it was necessary to increase the binder content up to
5.3%. This was a result of more difficult compaction
conditions at lower temperatures and the presence of
the introduced fibers. Table 4 presents the contents of
bituminous binder and synthetic fibers in the designed
mixes, relating to the production method.

Table 4. Bituminous binder and synthetic fiber content in
the designed asphalt concrete mixes

Fig. 2. The designed mineral mix for the asphalt concrete
ACl6 W

Table 3. Mineral mix grading for the AC16 W

Sive#[mm] | 0.063 | 0.125 | 025 | 050 | 2.0 | 40 | 80 | 112 | 160 | 224
Content[%] | 69 | 85 |[13.7]21.2 |409| 494 | 59.1 | 71.3 | 97.4 | 100.0

The control mix used to verify the findings was
an asphalt concrete mix with 35/50 bitumen (4.8%
binder content according to WT-2 2010 [13])
produced in HMA technology (label: MO0). Four
different types of mineral-bitumen mixes at lowered
production temperatures (labels: M1, M2, M3, M4)
were designed for the experiment. The mixes differed
in synthetic fiber content (0.3% and 0.6%) and in

: Mix Production Bitumen Bitumen Fiber
Materials MM [%] signature | technology type content [%] | content [%]
Limestone, granulated 16/22 15.0 MO HMA 35/50 4.8 _
Limestone, granulated 8/16 20.0 M1 WMA 35/50 +3.0% F-T 48 0.3
Limestone, granulated 2/8 20.0 M2 WMA 35/50 4+ 3.0% F-T 48 0.6
Lime crushed sand 0/2 26.0 M3 HWMA 35/50 +3.0% F-T 53 0.3
Reclaimed asphalt pavement 15.0 Ma HWMA 35/50+3.0% FT 53 06
Lime filler 40 . .
3. Results and discussion
Total 100.0

A set of parameters were determined (according
to guidelines WT-2 2010 [13] and EN 13108-1) to
analyze the influence of the synthetic fiber content
and the production technique (HMA, WMA, HWMA)
on the characteristics of the asphalt concrete mix for
binder course layer (AC 16 W) under traffic load KR3
- KR4. These parameters were:

— air void content (V ),

— moisture damage resistance, according to WT-2

2010 (Appendix 1) and EN 12697-12, based on:

e indirect tensile strength of wet (ITS ) and dry
(ITS,) samples,

e indirect tensile strength ratio (ITSR),

— resistance to permanent deformation (rutting test
in small apparatus, method B in air), according
to EN 12697-22 (WTSAIR),

— stiffness modulus in an indirect tensile test
(IT-CY) at 20°C, according to EN 12397-26
(Appendix C),

— fatigue resistance in an indirect tensile test (IT-FT),
according to EN 12697-24 (Appendix E).

The authors did not observe any negative effect of
the introduced fibers on the coating of aggregate by
the binder during the asphalt concrete mix production
in both WMA and HWMA techniques. What is more,
the synthetic fibers were dispersed evenly and correctly
during the production and compaction of all the
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a)

b)

Fig. 3. Inner structure of Marshall samples — asphalt concrete with synthetic fiber content of 0.6%
produced in: a) WMA technology with 4.8% binder content, b) HWMA technology with 5.3% binder content

samples. The example of achieved Marshall samples’
inner structure in warm and half warm techniques with
the synthetic fibers content of 0.6% is presented in
Figure 3.

Average values for air void content in the asphalt
concrete related to the type of production technology
are shown in Figure 4.

Fig. 4. Air void content in the asphalt concrete AC 16 W
related to the type of production technology

The analysis of results, shown in Figure 4, leads to
a conclusion that the highest air void contents were
observed in samples produced in WMA technology
(M1 and M2). Air void contents of HWMA samples
are comparable to those obtained from control
mixes (MO). This is a result of increased share of
the bituminous binder in mixes M3 and M4. The
introduction of synthetic fibers in the amount of 0.6%
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led to the lowest air void content (V_= 4.35%). It
must be clearly stated that all investigated mixes have
met the requirements for air void content according to
WT-2 2010 (required values: 4.0 — 7.0%).

Indirect tension tests were conducted to assess the
moisture damage resistance of the designed asphalt
concretes. The average results of dry samples (ITS))
and samples conditioned in water and frost (ITS ) are
presented in Figure 5. The indirect tensile strength
ratios obtained for the concretes are given in Figure 6.

Fig. 5. Indirect tensile strengths of asphalt concrete AC
16 W samples depending on the production process: dry
samples (ITS,) and samples conditioned in water and frost
(ITS,)
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Fig. 6. Moisture damage resistance of asphalt concrete AC
16 W depending on the production process

The obtained results suggest that asphalt concrete
M1 has the highest indirect tensile strength after dry
conditioning. Results for the M2 mix and HWMA
foamed bitumen mixes (M3 and M4) were comparable
to those of M1. As for the ITS  parameter measured
after conditioning in water and frost: best results
were recorded for the M3 asphalt concrete, but the
performance of M4 and M1 mixes were comparable.

The highest resistance to moisture damage (measured
by the ITSR parameter) was recorded for HWMA
asphalt concrete with foamed bitumen and 0.3%
synthetic fiber content. Similar results were obtained
for M4 asphalt concrete with 0.6% fiber content. The
superior performance of HWMA concretes in this
domain is an effect of increased binder content which
improves the moisture damage resistance. It is worth
noting that the WMA M1 asphalt concrete yielded
a lower ITSR ratio than the MO control mix and
according to technical guidelines WT-2 2010 it was
on the limit (ITSR > 80) of filling this criterion. The
M2 mix did not met the requirements (ITSR = 79%).

Another important parameter in the assessment of
pavement durability is its resistance to permanent
deformations measured by the rate of rut development
WTS, . (Fig. 7).

Fig. 7. Permanent deformation resistance of asphalt
concrete AC 16 W in relation to production technique —

proportional rut development WTS, . [mm/10° cycles]

Based on the test results presented in Figure 7 it
can be stated that the WMA M2 asphalt concrete
with 0.6% fiber content was the most resistant one to
permanent strain development. The test outcome was
WTS, .= 0.105 mm/10°cycles. The HWMA samples:
M3 and M4 resulted to perform slightly worse, with
the WTS, parameter ranging from 0.1 to 0.12
mm/103 cycles. The M1 asphalt concrete shown to be
the least resistant to rutting. However, in terms of the
requirements (WTS, - < 0.3 mm/10°cycles according
to [13]) all tested specimens, regardless of the amount
of synthetic fibers used and production technique,
yielded to be resistant to rutting.

The fundamental parameterreflectingthemechanical
properties of asphalt concrete is the stiffness modulus
which is the primary material characteristic used in
the mechanistic pavement design. The results for
stiffness modulus are presented in Figure 8 and the
fatigue damage of assessed materials is shown in
Figure 9.

Fig. 8. Stiffness moduli of asphalt concrete, measured in
indirect tensile test in relations to production technology

The results of stiffness modulus, measured in
indirect tension test, which are presented in Figure
8, show that the conventional HMA MO control
samples yielded highest stiffness moduli at a value
of 7131 MPa. Comparable results were obtained for
the WMA M1 asphalt concrete samples containing
0.3% addition of synthetic fibers. The use of HWMA
technology implied the decrease in the stiffness
modulus of 1000 to 1500 MPa in relation to the control
asphalt concrete. Also it can be stated that an increase
of the synthetic fiber content in asphalt concrete mix
results in a decrease of stiffness modulus measured in
indirect tension test.
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Fig. 9. Fatigue damage of asphalt concrete, measured in
indirect tensile test in relations to production technology

The performed analyses show that both factors: the
amount of bitumen and synthetic fibers, influence the
durability of asphalt concrete measured by a decrease
of stiffness modulus in initial phase of fatigue testing
according to IT-FT method. The increase of fiber
content in asphalt concrete mixes has a positive effect
on the magnitude of fatigue, which was observed best
in M2 samples with 0.6% fiber content

4. Conclusions

Based on the performed investigations, the

following conclusions were drawn:

— there are potential possibilities for the use
of synthetic fibers from tire recycling in the
technology of asphalt concrete,

— synthetic fibers have a significant influence on
the investigated properties of asphalt concrete
produced at lowered temperatures (WMA and
HWMA with foamed bitumen),

— positive influence of the synthetic fiber on the
rutting resistance was particularly observed in
the M2 warm mix asphalt concrete and half warm
mix asphalt concretes with foamed bitumen (M3
and M4 which had air void contents similar to
HMA control samples),

— the use of a fiber from worn tire cord may be a
promising application which could contribute to
disposing of this waste material and protecting
the environment,

— the results presented in this paper show that
those fibers can be used in WMA and HWMA
production of asphalt concrete but further
investigations are needed to clearly assess the
influence of this material on the parameters of
asphalt concrete and its performance in field tests.
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Wplyw wiokien syntetycznych na wiasciwosci
betonu asfaltowego wytwarzanego
w obnizonej temperaturze

1. Wprowadzenie

Konstrukcja nawierzchni drogowej przenosi co-
raz to wicksze obciazenia. W zwiazku z tym, nie-
zbedne jest zwigkszenie trwalo$ci zmeczeniowej
materiatow stosowanych do jej wykonania, a przede
wszystkim wykorzystywanych do budowy asfalto-
wych warstw jezdnych [10]. Technologie zwigzane
z wykonawstwem tego rodzaju materiatow charak-
teryzuja sie duzg energochtonnoscig. Wytwarzane sg
one bowiem w temperaturze od 160°C do 180°C,
ktora uzalezniona jest od rodzaju asfaltu stosowane-
go do mieszanki mineralno-asfaltowej. Tego rodzaju
technologie na catym Swiecie poddawane sg krytyce,
poniewaz wplywaja negatywnie na §rodowisko na-
turalne. Dlatego tez podjeto prace badawcze w dro-
gownictwie w celu obnizenia temperatury wytwa-
rzania mieszanki mineralno-asfaltowej [4, 5, 7, 8, 9,
12]. Opracowano technologie pozwalajaca zmniej-
szy¢ temperature jej produkcji i wbudowywania w
konstrukcje nawierzchni drogowej o okoto 20-30°C,
ktorag nazwano technologia na ciepto (WMA — Warm
Mix Asphalt). Prowadzone sg rowniez badania oraz
prace wdrozeniowe dotyczace technologii na pot-
cieplo (HWMA — Half Warm Mix Asphalt), ktora
pozwala wytwarza¢ mieszanke mineralno-asfaltowa
w temperaturze okoto 100°C.

Réwniez bardzo istotnym wspotczesnym proble-
mem jest stosowanie recyklingu w drogownictwie.
Dos¢ powszechnie stosowana jest technologia recy-
klingu na zimno konstrukcji nawierzchni z wykorzy-
staniem jako lepiszcza emulsji asfaltowej lub asfaltu
spienionego [1, 2, 3, 6].

Technologie recyklingu szczego6lnie silnie rozwija-
ja sie ostatnio w budownictwie, gdzie migdzy innymi
wykorzystuje si¢ zuzyte opony, ktorych sktadowanie
staje si¢ coraz powazniejszym problemem z uwagi na
dynamiczny rozwoj motoryzacji i wzrost liczby po-
jazdow [11]. Technologia wykorzystujaca zmielony
kord z opon samochodowych ma na celu uzyskanie

z opony witokien z dodatkiem granulatu gumowego.
Wprowadzenie takiego wtokna do mieszanek mine-
ralno-asfaltowych stwarza potencjalne mozliwosci
m.in.: uzyskania nawierzchni o podwyzszonej trwa-
tosci, modyfikacji lepiszcza obecng w dodatku guma
oraz poprawe¢ wlasciwosci reologicznych mieszanki.

Szczegolnie interesujace jest ostatnio pozyskiwane
wlokno powstale z przerobki kordu tekstylnego opon
sktadajace sie z syntetycznych wiokien polimerowych
o dhugosci okoto 30 mm. Ponadto w materiale wtokni-
stym wystepuje granulat gumowy w iloéci 40% (m/m)
0 uziarnieniu do 8 mm.

W zwigzku z tym, potaczenie wykorzystania mate-
riatu odpadowego — recyklowanych opon samocho-
dowych oraz technologii produkcji mieszanki mi-
neralno-asfaltowej w obnizonej temperaturze moze
przyczyni¢ si¢ do podwyzszenia trwato$ci betonu
asfaltowego oraz znacznej ochrony srodowiska

2. Projekt betonu asfaltowego

Oceng wptywu wtokien syntetycznych oraz techno-
logii wytwarzani (HMA, WMA, HWMA) wykonano
dla betonu asfaltowego przeznaczonego na warstwe
wiazaca konstrukcji nawierzchni obcigzonej ruchem
KR 3-4. Beton asfaltowy zaprojektowano zgodnie
z Wytycznymi Technicznymi WT-2 z 2010 roku [13].
Zastosowany dodatek widknisty zawiera w swoim
sktadzie okolo 20% granulatu gumowego. Obecnosé¢
gumy powoduje m.in. podwyzszenie trwatosci zme-
czeniowej betonu asfaltowego.

2.1. Wiasciwosci asfaltu

W badaniach laboratoryjnych do mieszanki beto-
nu asfaltowego wytwarzanej w tradycyjnej techno-
logii na goraco przeznaczonej na warstwe wiazaca
nawierzchni obcigzonej ruchem KR 3-4 zgodnie
z Wytycznymi WT-2 2010 [13] oraz PN-EN-13108-1
,Mieszanki mineralno-asfaltowe. Wymagania. Czgs¢
1: Beton asfaltowy” zastosowano asfalt 35/50. Asfalt
ten w celu wykorzystania go w technologii WMA
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modyfikowany byt woskiem syntetycznym F-T (Fi-
sher-Tropsha) w ilosci 3% w stosunku do masy le-
piszcza. Natomiast w celu zastosowania go w tech-
nologii HWMA poddany byt dodatkowo procesowi
spieniania (rys. 1).

Na podstawie przedstawionej zalezno$ci ustalono
optymalng zawarto$¢ wody spieniajacej na poziomie
FWC = 2,5% (Foaming Water Content), przy ktorej
piana asfaltowa cechuje si¢ nastgpujacymi parame-
trami: WE = 18,6 1t1/2 = 16,3s.

2.2. Projekt mieszanki mineralnej

Mieszanka mineralna betonu asfaltowego na war-
stwe wigzaca (AC 16 W) nawierzchni obcigzonej ru-
chem KR 3-4 zaprojektowana zostata zgodnie z nor-
ma PN-E-13108-1 oraz Wytycznymi WT-2 2010 [13].
Sktad ramowy mieszanki mineralnej (MM) zestawio-
no w tabeli 2. Uziarnienie zaprojektowanej mieszanki
mineralnej betonu asfaltowego zestawiono w tabeli 3
oraz graficznie przedstawiono na rysunku 2.

2.3. Projekt mieszanki mineralno-asfaltowej

W badaniach laboratoryjnych kontrolng mieszanke
stanowit beton asfaltowy wytwarzany w tradycyjnej
technologii na goragco (MO0), w ktérym stosowano as-
falt 35/50. Nastepnie zaprojektowano 4 rodzaje mie-
szanek mineralno-asfaltowych o obnizonych tem-
peraturach wytwarzania (M1, M2, M3, M4), ktore
zawieralty wtokna syntetyczne w ilosci 0,3% 1 0,6%
oraz roznity si¢ zawartoscig lepiszcza asfaltowego.
Mieszanki oznaczone symbolem M1 i M2 produko-
wano w technologii na ciepto, natomiast mieszanki
M3 i M4 wytwarzano w technologii na potciepto
z zastosowaniem asfaltu spienionego. W mieszan-
kach o obnizonych temperaturach produkcji (WMA,
HWMA) stosowano lepiszcze 35/50 z zawartoscia
3,0% modyfikatora F-T. Zawarto$¢ asfaltu w kon-
trolnej mieszance ustalono na poziomie 4,8% zgod-
nie z Wymaganiami Technicznymi WT-2 2010 [13].
Ze wzgledu na nizsza temperatur¢ wytwarzania mie-
szanki w technologii na potciepto wplywajaca na po-
gorszenie warunkow jej zagegszczania oraz dodatko-
wo ze wzgledu na obecno$¢ materiatu wtoknistego
w sktadzie betonu asfaltowego istniata koniecznosé
stosowania wigkszej ilosci lepiszcza asfaltowego
(5,3%) w celu uzyskania wymaganego poziomu za-
wartosci wolnych przestrzeni. W tabeli 4 zestawiono
zawartosci lepiszcza asfaltowego oraz wiokien syn-
tetycznych w zaprojektowanych mieszankach beto-
nu asfaltowego w zaleznosci od stosowanej techno-
logii ich produkcji.

28

3. Wyniki badan i ich analiza

W celu oceny wptywu widkien syntetycznych oraz
technologii wytwarzania (HMA, WMA, HWMA) na
zmiany wilasciwosci betonu asfaltowego do warstwy
wigzacej (AC 16 W) nawierzchni obcigzonej ruchem
KR 3-4 zgodnie z procedurami badawczymi przed-
stawionymi w Wymaganiach Technicznych WT-2
2010 [13] oraz PN-EN 13108-1 oznaczono:

— zawartosci wolnych przestrzeni Vm (rys. 4),

— odporno$¢ na dziatanie wody na podstawie oceny:

e wytrzymato$ci na posrednie rozcigganie dla
grupy probek mokrych ITSw i suchych ITSs
(rys. 5),

e wskaznika wytrzymatosci na rozcigganie po-
srednie ITSR (rys. 6),

— odpornos¢ na powstawanie deformacji trwatych

na podstawie pomiaru predkosci przyrostu kole-

iny w 60°C WTSAIR (rys. 7),

— modut sztywno$ci w schemacie posredniego roz-

ciggania (IT-CY) w temperaturze 20°C (rys. 8),

— odporno$¢ na zmegczenie metodg posredniego

rozciggania (IT-FT) (rys. 9).

W czasie wytarzania betonu asfaltowego zarowno
w technologii WMA, jak i HWMA z asfaltem spie-
nionym, nie zaobserwowano negatywnego wplywu
wldkien syntetycznych na proces obtaczania lepisz-
czem ziaren kruszywa mieszanki mineralnej. Wtok-
na syntetyczne rozktadaly si¢ prawidlowo w czasie
wytarzania mieszanki mineralno-asfaltowej oraz
podczas procesu jej zageszczania niezaleznie od za-
stosowanej technologii, ich ilo$ci oraz zawartos$ci as-
faltu. Widok struktury wewnetrznej probek Marshalla
z betonu asfaltowego wytwarzanego w technologii na
cieplo i potcieplo z zawartoscia 0,6% witdkien synte-
tycznych przedstawiono na rysunku 3.

Na podstawie wykonanych badan mozna stwier-
dzi¢ istotny wptyw widkien syntetycznych zawartych
w skladzie betonu asfaltowego wytwarzanego w obni-
zonej temperaturze (WMA i HWMA) na analizowane
jego wlasciwosci. Szczegdlnie istotny jest wzrost od-
pornosci na powstawanie deformacji trwatych betonu
asfaltowego wytwarzanego w technologii HWMA
z asfaltem spienionym.

4. Wnioski

Na podstawie analizy uzyskanych wynikéw badan

mozna sformutowac nastepujace wnioski:

— istniejg potencjalne mozliwosci wykorzystania
wlokien syntetycznych powstatych w procesie
recyklingu opon samochodowych w technologii
betonu asfaltowego;
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— wilokna syntetyczne w istotny sposob wplywaja
na analizowane wtasciwosci betonu asfaltowe-
g0 wytwarzanego w obnizonej temperaturze, to
jest w technologii WMA i HWMA z asfaltem
spienionym;

— szczegodlnie korzystny jest wpltyw widkien syn-
tetycznych na odporno$¢ na koleinowanie be-
tonu asfaltowego M2 wytwarzanego w techno-
logii WMA oraz betonu asfaltowego (M3 1 M4)
otrzymanego w technologii HWMA z asfaltem
spienionym; przy czym beton asfaltowy M3 i M4
charakteryzuje si¢ zawarto$cig wolnych prze-
strzeni na poziomie kontrolnego betonu asfalto-
wego wytwarzanego w tradycyjnej technologii
na goraco;

— stosowanie wiokna powstatego z kordu zuzy-
tych opon samochodowych do betonu asfalto-
wego moze by¢ istotng propozycja w znacznym
stopniu przyczyniajaca si¢ do rozwigzania pro-
blemu utylizacji tego rodzaju materialu i wpty-
wajgcg w istotny sposob na ochrong¢ srodowiska
naturalnego;

— przedstawione w opracowaniu wyniki pozwala-
ja stwierdzié¢, ze wykorzystanie widkien moze
by¢ rozszerzone o stosowanie ich w techno-
logii wytwarzania betonu asfaltowego WMA
lub HWMA. Niezbedne jest jednak wykonanie
dodatkowych badan pozwalajacych na jedno-
znaczng ocen¢ wptywu wiokien syntetycznych
na wlasciwosci betonu asfaltowego oraz jego
pracy w konstrukcji nawierzchni w warunkach
terenowych.

29



