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ABSTRACT

Costly deterioration of many roads and highways paved with asphalt generates a growing interest in polymer
modified asphalts (PMA). Although asphalt represents only a fraction of asphalt paving mix, it is believed that
it has a significant effect on the thermomechanical properties of asphalt pavements. Currently there is no con-
sensus on the type of tests and specifications for polymer modified asphalts; however, it is clear that such spec-
ifications should be based on rheological testing of these systems. As a viscoelastic material asphalt is usually
characterized by its dynamic material functions. An advantage of the use of modified loss tangent function in
PMA systems is discussed in this contribution. Three polymer modifiers (SBS, EVA and EGA) commonly used in
the asphalt paving industry were blended with base asphalt and various relaxations in the base, and its blends
are studied here.

ZUSAMMENFASSUNG

Der kostspielige Verschleiss vieler asphaltierter Strassen und Autobahnen erzeugt ein wachsendes Interesse an
Polymer modifizierten Asphalten (PMA). Obgleich Asphalt nur einen Bruchteil des Asphaltgemisches ausmacht,
glaubt man, dass er eine wesentliche Anteil auf die thermo-mechanischen Eigenschaften von Asphaltbeldgen
hat. Gegenwartig fehlt es an Konsens uber die Art von Tests und Spezifikationen fiir Polymer modifizierte
Asphalte. Klar ist jedoch, dass solche Spezifikationen auf rheologischen Tests dieser Systeme basieren sollten.
Als ein viskoelastisches Material ist Asphalt gewohnlich durch seine dynamischen Materialkennwerte charak-
terisiert. Dieser Beitrag diskutiert, welchen Vorteil die Anwendung eines modifizierter Verlustwinkels in PMA-
Systemen hat. Drei Polymer-Modifikatoren (SBS, EVA und EGA), die allgemein in der Asphaltindustrie benutzt
werden, wurden mit regularem Asphalt gebunden und die verschiedene Relaxationen im Asphalt und seinen
Mischungen untersucht.

RESUME

Les détériorations dispendieuses des routes et autoroutes pavées d'asphalte est d'un intérét croissant dans le
domaine des bitumes modifiés par polyméres (BMP). Bien que l'asphalte ne représente qu'une fraction des
mélanges de pavements d'asphalte, il est reconnu pour avoir un effet significatif sur les propriétés thermody-
namiques de pavements d'asphalte. Présentement, il n'ya pas de consensus sur le type d'essais et spécifications
pour les bitumes modifiés par polyméres, bien qu'il soit clair que de telles spécifications devraient étre basées
sur des tests rhéologiques de ces systémes. Etant un matériel viscoélastique, I'asphalte est habituellement car-
actérisé par ses fonctions dynamiques due matériel. Un avantage de I'utilisation de la fonction modifiée de
déphasage dans les systéemes BMP est discuté dans cet article. Trois polymeéres modifiés (SBS, EVA et EGA) util-
isésfréquemmentdans l'industrie du pavage d'asphalte ont été mélangées avecdel'asphalte de base et plusieurs
relachements dans la base et ses mélanges sont ici étudiés.
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1 ASPHALT — BASIC PROPERTIES

Conventional asphalt behaves similarly as a low
molecular weight linear viscoelastic material

main characteristics. The Williams-Landel-Ferry
(WLF) [8] form of the shift factor seems to

[1-4] when tested at small strains and rates of
strain. Even if there are some doubts about the
thermorheological simplicity of asphalt it is
believed that conventional and also PMA can be
represented reasonably well by the master
curves of their linear viscoelastic material func-
tions [4-6]. It is quite common to characterize
asphalt by its dynamic material functions
[4, 6, 7]. A relatively strong viscous deformation
contribution to these functions can be observed
(especially at higher temperatures). The high
temperature sensitivity of asphalt is one of its
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describe well the thermal properties of conven-
tional asphalt as well as PMA (see Discussion).
At high temperatures (usually above 60 °C)
asphalt behaves as a Newtonian fluid and at
temperatures less than -20 °C asphalt systems
are approaching their glassy state. In conven-
tional asphalt, one can observe two main tran-
sitions. The first one is the transition to the
glassy state (a-transition) and the second one
(a‘~transition) is the transition from a viscoelas-
tic to the Newtonian fluid. In the dynamic
mechanical testing, the domain of the o-transi-
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Figure 10 (left):

Isochrones, 10 rad/s; relative
modified loss compliance
and loss tangent, relative
loss modulus (e Base,

+4% EVA, /\ 4% SBS |,

0 4% SBS).

Figure 11:

Isochrones, 10 rad/s; relative
modified loss compliance
and loss tangent, relative
loss modulus (e 2% SBSr,

/\ 4% SBSr, ¢ 2% EGA).

This is an ¢

lowed by a local maximum where the transition
to a Newtonian fluid begins. The picture is
changed for higher concentrations of polymer.
This can be seen from tan §, for 8% SBSr. Rough-
ly at the frequency where 4% blends exhibit
absolute maximum the 8% blend has a local
minimum, which is accompanied by two maxi-
ma, positioned left and right from this point.
Both maxima are clearly separated and they are
much lowerthanthe maximafor4% blends thus
indicating smaller difference between the “non-
viscous” dissipation energy and the stored ener-
gy. Inthe domains of maximaJ”’. > J', and in the
domains of minimaJ”’, < J'. A complete picture
of all transitions in asphalt is obtained from the
composition plots of relative functions J”,,, G”,
andtan §, (or tan 8,). An example of such a plot
is given in Fig.10. Here the isochrones (based on
the transformation (5) with o = 10 rad/s) of the
above mentioned functions are plotted for the
base asphalt and its 4% blends with EVA, SBS |
and SBSr. A large shift of o'-transition towards
the higher temperatures is observed for SBS
blends. Similar comparison of blends: 2% SBSr,
4% SBSrand 2% EGA, is shown in Fig. 11. It is clear
from this figure that 2% EGA blend has a behav-
ior resembling the one of 2% SBSr blend. How-
ever, the a‘-transition of EGA blend is very close
to the o'-transition for the 4% SBSr blend. There
seemstobealsoaslightshiftof the a-transition,
for 2% EGA blend, towards the higher tempera-
ture when compared with 2% and 4% blends of
SBSr. The next figure (Fig. 12) portrays a detail of
the glass transition (at) region for some of the
studied blends. It follows from Fig.12 that in the
base asphalt the domain of this transition is rel-
atively wide (~ 6 °C). The transition is shifted to
lower temperatures with increasing concentra-
tion of SBS. The a-transition domain is narrow-
er for EVA and EGA blends and more interest-
ingly their glass transition domain is slightly
shifted towards the higher temperatures. Note
again that all isochrones are calculated for the
“testing” frequency of 10 rad/s, and that the
positions of extrema, on the discussed
isochronal plots, will be shifted for different
“testing” frequencies.
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It was shown in [6] that the complex
dynamiccompliance function, J*(®), can be mod-
eled by the following fractional rational func-
tion:

n B
| =JT(+im2,)
i
14(@) = |
1B T (1+imw,)
1 6

By subtracting the low frequency asymptote
i/mo®from (6) and using B =1/(n-m), one can suc-
cessfully model the modified complex dynamic
compliance (J* = J* - i/m,®) of the conventional
asphalts and their blends with polymer modi-
fiers. An example of the modeled modified loss
tangent for 8% SBSr blend is presented in Fig. 13.
In this case n =7, and m = 2. More details about
the model can be found in [6, 7].

6 CONCLUSION

In conclusion, one can see that the modification
of the base asphalt by the studied polymers
influences more the high temperature behavior
of blends than the low temperature behavior.
Only for blends of SBS with concentrations of
polymer higher than 4% a shift of the o-transi-
tion (glass transition) towards the lower tem-
peratures was observed. It seems to be true that
thelower concentration of EGA polymer can pro-
duce transitions similar to the ones observed in
higher concentrations of SBS and EVA, however,
only at higher temperatures. The glass temper-
ature transition for 2% EGA blend is actually
higher thanthe one for the base asphalt, i.e. this
polymer exhibits a slight antiplasticization
behavior. Interestingly enough, the higher con-
centration SBSr blend behaves as plasticizer
(Tg is shifted to lower temperatures); however,
various high temperature mechanical transi-
tions (observed onthe graph of the modified loss
tangent) decrease in intensity with increasing
polymer content (this being a characteristic of
antiplasticizers) [15, 16]. Generally by adding a
polymer to the base asphalt the main transition
(observed as the maximum of the modified loss
tangent and lying between the o and o transi-
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tions) will split at least into two with increasing
separation of these maxima and decreasing
intensity, when the concentration of polymer is
increassed. These effects (for the tested materi-
als) are relatively weak for concentrations of
polymer less than, or equal to 4%. Thus, it seems
that various attempts to improve the thermo-
mechanical properties of asphalt by blending it
with different polymers can have only a limited
success when low concentration blends are
used. Lower concentration (< 4%) blends of the
tested base asphalt with SBS and EVA polymers
exhibit the shift of o'-transition towards the
highertemperatures (w.r.t.the baseasphalt),i.e.
the temperature sensitivity is lowered. Howev-
er, the thermomechanical properties of these
blends are not much different from the ones of
the base asphalt. In that sense the EGA polymer
seems to be a strong asphalt modifier. It has to
be stressed that these observations apply to
higher and intermediate temperatures, only. At
low temperatures the effect of the tested poly-
mer modifiers is a “weak” one. The increased
concentration of polymercan haveanimportant
effect in a wide temperature interval. Then the
domains of transitions are relatively wide, and
the difference between the energy stored and
dissipated, in “nonviscous” manner is relatively
small. In such a case the PMA will suppress the
vibrations generated by traffic in a wide fre-
quency window (much wider than in the base
asphalt, see Fig. 9) at a given temperature, orin
a wide temperature window at a given charac-
teristic frequency of the traffic. For the studied
blends this situation seemsto be achieved by 8%
blend of the radial SBS polymer with the base
asphalt (200/300 Pen grade).
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Figure 12 (left):

Isochrones, 10 rad/s; relative
loss modulus (e Base,

o+e 6% SBSr, /\ 4% EVA,

0 2% SBSr, + 2% EGA).

Figure 13:

Modified loss tangent

(T, = 0°C: /\ Base, ¢ 8% SBSt,
— experimental,

o fractional model, Eq. 6).
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