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ABSTRACT: This work presents a research program that aims at evaluating the performance of
hot asphalt mix used in highway pavement rehabilitation with the addition of recycled rubber
of tires. The objective of this study is to quantify the performance of asphalt mix when
recycled rubber is added. This study will be based upon field tests to evaluate whether a
relatively thin overlay with Asphalt Rubber (AR) could reduce reflective cracking. In 2001,
the private agency Univias designed and carried out a large scale AR test project in Rio
Grande do Sul, Brazl on the very heavily trafficked Interstate BR116. AR is a mixture of 88%
hot paving grade asphalt and 12% ground tire rubber. This mixture is also commonly
referred to as the asphalt rubber wet process. The overlay project was built on top of a very
badly cracked concrete asphalt pavement. The performance of the asphalt rubber overlay
surpassed the original expectation. This paper presents a brief history of asphalt rubber use
and comparative results to evaluate the performance for hotmix structural overlays,
containing conventional or polymer-modified binders with similar applications containing
asphalt rubber binder. After two years of service the overlay is il virtually crack free, with
good ride, virtually no rutting or maintenance and good skid resistance. The findings indicate
that asphalt rubber is cost effective.
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1. Introduction

Today, the mgor concern of those in charge of the management of
avalable financid resources invested in paving surdy is the codt-
effective feature of these resources.

Since the technology avalable rdaed to the sructures of asphat
pavement dlows the idettification of the man mechaniams that
contribute to the decrease of durability of pavements throughout their
svice life, we are supposed to: (1) edablish performance prediction
criteria and modds that make possble to etimate pavements service
life in tems of the man mechanians of deeioraion, and (2)
invesigate the posshility of usng new mateids that meet the
requirements of availability, economy and performance.

Severd dudies point out that the modification of the agphdt
binders usad in paving with addition of tire rubber is a technicdly and
economicaly posshle dternative for the improvement of the features
of bituminous materids especidly regarding faigue life, reduction of
wear and aging.

The addition of tire rubber to the asphdt overlay of pavements has
been used for some decades in the United States. Severd researchers
have reported experiments involving the use of agphdt mixes with tire
rubber binders during the last few years (EPPS, 1994; HARVEY «
d., 2000 and HICKS et d., 1999).Way (1999) has reported that in the
American dae of Arizona more than 3,300 km of highways were built
or rehabilitated by means of rubber modified binders.

A typicd new tire used in passenger cars weighs about 10 kg, and
it is made of 85% of rubber and 12% of sted. When a tire needs to be
replaced, its carcass Hill weighs about 9 kg and it contains the same
origind amount of stedl and canves.

Regarding the environmenta presarvaion point of view, the
adequate handling of a maerid tha became ingppropriate for its
origind function is the production of a maketable subproduct thet is
useful for socity.

Currently, in Brazl, there is not a dgnificant use of tire rubber as
the modifier of agpphdt binders According to the Nationd Associaion
of the Pneumdic Indugry (Associacdo Nacional da Industria de
Pneumaticos - ANIP), Brazil produces 41.3 million tires a year. The



main objective of this sudy is to assess the performance of dfferent
agphdt compogtions used as rehdbilitaion overlay of a highway
section exposed to heavy traffic and presenting severe deterioration
datus.

The planning and the current evolution daus of a dudy tha is
being caried out with the objective of showing a compaaive
asessment of the peformance of different asphdt binders exposed to
sress produced by traffic loads in red scde are presented in this

paper.

2. Experimental design

The on-going sudy incdudes the rehabilitation of three sections of
Interstate BR 116 with three different asphdt compogtions. The
objective of this gsudy is to invedigate the behavior of different
agphat mixes used as overlay of the experimental sections.

The man vaidde to be invedigaed in the fidd is the kind of
agphdt binder. Conddering the use of three kinds of agphdt binders
conventiond (CAP 20), polymer modified (SBS), and tire rubber
modified (AR).

The expeaimenta <ection is two thousand meters long. The
rehcbilitation was peaformed in August 2001 The overlay goplied to
the sections was 3.8 cm thick. The origind asphdt coat presented
severe cracks dong amogt its entire extent.

AR was modified by means of addition through the wet process of
goproximady 129 of the weght of pulveized tire rubber.The
addition of rubber binder was caried out in an gppropriate reector and
dso through an adequate physica-chemicd process that dlowed the
production of astable asphdt rubber mix.

The modified binder presented new properties in terms of physca
and rheologic behavior, which differed from the origind binder. The
properties of the rubber modified binder are shown in Table 1.



Table 1: Properties of rubber modified agphalt

Test Vdue
Pendration (100 g, 5, 25°C), 0.1 mm 45
Softening pant, °C 51
Eladtic recovery, % 40
Hash point, °C 280
Rdative density, 25°C/25°C 1025
Brookfidd viscogty a 135°C, cP 1040
Brookfidd viscosity a 155°C, cP 340
Brookfidd viscosity & 177°C, cP 148

3. Asphalt mix analysis

The desgn of the agphdt mixes was peaformed through the
Mashdl method, and it was complemented by redlient modulus,
tenson drength tests and fetigue life. The fatigue and controlled stress
tets caried out in diametrd compresson were employed to design
the following fatigue law:

(1

Pl O
N oy

L El
N —Klég

where s; is the horizontd tensle dress employed dong the verticd
diametrd surface of the cylindrica specimens. The parameters of the
faigue lav (K; and n) as wdl as the indirect tendle srength in
diangrd compresson (St), the redliet modulus (Ry), both
measured a 25°C and the tensle rupture srain  (er esimated by
Sr/Ry) areshownin Table 2.

Thee results show that the conventiond asphdt mix exposed to
the test can be dasdfied as a hot mix asphdt pavement (HMA), and
its mechanicd properties can be consdered normd, since the expected
er vaues are aound 25~ 10* However, the modified asphat mixes
present er resstance higher than the norma vaue, tthat indicates that
these materids present cracking resstance caused by fatigue higher
than the resistance of conventiond mixes.



Table 2: Results of mixes mechanic tests

Mix K1 N Rwv Sr er
(MPa) (MPa) (10%)

Conventiond 3399 10° 37831 332 09 265
Polymer 1000 10° 37032 3981 12 3.06
Rubber 7505° 100 36224 2702 09 337

The andysis of fatigue life under tensle stresses and strains cannot
be directly performed using the K and n parameters mentioned above,
gnce K; vdue is dffected by the velocity of load gpplication, thet is by
the duration of the dress pulses produced by moving whed loads In
addition, K1 vaue dso depends on the temperature of the asphdt mix.
The andyses mugt be performed using the following fatigue law:

n
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tha is conddering traction specific deformation (er), snce K
paameter is virtudly independent from the velocity of dresses
goplication and it dmost does not vary under different temperature.
The converson from a modd to ancther is caried out teking into
condderation that the verticd compresson dress employed in the
center of the cylindricd specimens of the diametrd compresson test
isdetermined by: s, = -3s;. Therefore, one deduces that:
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where u is the Poisson's coefficient, which can be congdered the
samne as 0.33 for agphdt mixes. The results ae shown in Table 3,
dong with the maximd tensle sran messured through FLAPS
(Finite Layer Andyds of Pavement Structures) <oftware in the
flexible pavement section shown in Fgure 1, which was used as
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reference in order to assess the reative quaty of the asphdt mixes
andyzed with regard to resstance to faigue cracking, in the portion of
faigue consumption that is produced by the tensle action on the
asphdt layer. The e; vaues were messured in the lower fiber of the
layer, in the verticd surface that goes through the center of a single
whed load of 41 kN.

Table 3: Fatigue consumption

Mix K n e (10 Ny
Converiona 33325 10 37831 27% P06
Polymer 11804° 10%° 37032 2600 2229
AR 81237° 10t 36224 3074 429
10cm Asphalt overlay E;
30cm Base E, =215 MPa
Subgrade E; =100 MPa

Fgue 1. Reference pavement section for the anayses

For the dadicity modulus of the asphdt overlay (E), the
cdculaions were made taking into condderation the reslient modulus
(Rv) messured in diametrd compresson a 25°C. The results show
that with regards to the portion of ressance to the fatiigue rdaed to
the tendle drength on the asphdt layer the polymer modified asphat
presents 24 folds higher ressance to the fatigue than the
conventiond HMA, while the asphdt rubber mix presents resstance
of 46% of the tendle drength of the conventiond HMA. However,



these reallts take into condgderation only the portion of fatigue life of
the agphdt layer that is consumed by the tensile Stress.

Depending on the dress didribution on the pavement dructure, a
ggnificant portion of the faigue consumption can be produced by
shear dress that acts verticdly dong the asphdt layer. According to
RODRIGUES (2000), in the flexible pavement, the fdaigue
consumption under the bending mode is greater than the fatigue
consumption under the shearing mode, while in the asphdt concrete
ovelay agoplied over a seveily cracked pavement it will gopear a
tendency for the shearing mode to be prevdent, specidly when the
cracked layer is thick relative to the asphalt concrete overlay.

This €ffect is teken into condderation in the Pavesys9
mechanidic-empiricd  peformance prediction modd deveoped by
RODRIGUES (2000), which show the following reslts in tems of
time period required for the firgd faigue craks to agppear on the
aurface of the pavement (b) and the period of time in years until 20%
of the pavement area is affected by fatigue cracks (CR):

- Conventiond agphdt concrete th = 3.0 years CR = 20% after 10.3
years,

- Polymer modified agphdt concrete: t = 4.4 years, CR = 20% dfter
11.7 years,

- Asphdt Rubber: b = 3.8 years, CR = 20% after 11.1 years.

for a case where the annud treffic load is given for: ESALyer = 57
10° equivaent operations of the highway standard axle of 82 tf (using
the load equivdence factors of AASHTQO), which corresponds to
heavy treffic. The reaults ill show that the polymer-asphdt mix is the
mog resgant among the three mixes, but they indicate an inverson of
postions regarding the other two mixes, snce the asphdt rubber mix
is more resgant than the conventiond HMA. This concluson is
condgent with the fact that rupture tendle dran of the modified
mixesis higher than the converttiond HMA.

The rutting paameter shows dmog identicd behaviors in the
three cases (the critical vdue of 12 mm only would be reached after
more than 20 years of sarvice), while the PSl parameter shows a
peformance a little better for the asphdt-polymer mix (PS criticd



vadue = 25 would be reached in 15.0 years) regarding the other mixes,
which show virtudly identical performance in this agpect (P = 25 in
135 years).

Table 4 shows the main propeties of the agphdt mixes andyzed in
this sudy. The mixes were produced by means of the same
granulometry for the aggregated e ements.

The mog important paranger for the definition of fatigue
resstance of an agphdt mix is the ar-void volume In this aspect, the
fact that a polymer-agphdt mix presents the lowest VW vadue among
the three mixes contributes to meke its fatigue resstance the highest
of dl, while the agphdt-rubber mix had a worse peformance
regarding the comparisons due to the fact that the specimens were

produced with a higher ar-void volume.
Table 4: Agphdt mixes used
Parameter Conventiond Polymer AR
Marshdl gability (KN) 16.4 16.5 15.9
How (mm) 38 21 34
ps (%) 6.1 6.1 6.1
Vg (%) 13.7 138 13.6
Vv (%) 35 30 39
VAM (%) 17.2 16.8 175
InTable 4:

ps = mix binder contents, in weight;

Ve = mix binder contents;, in volume;

Vv =mix air-void volume (% of volume);

VAM = aggregated minerd ar-void volume=Vy, + Vz.

4. Pavement Diagnosis

The dructurd and functiond condition of the highway before the
rehabilitation was identified during the pavement diagnosis phase The
Interstate BR 116 was condructed between 1958 and 1961. Today, it
isone of the mogt important longitudina highwaysin Brazil.

The section between the cities of Guaiba and Camagua, where the
section andyzed in this sudy is located, is pat of the highway thet



connects the capitd of the date of Rio Grande do Sul to the harbor of
Rio Grande The pavement of the section is made of hot mix asphdt

pavement with 15 cm of thickness and base and sub-base of granite
resdud soil with 35 cm of meen thickness

During the desgn of the pavement rehdbilitation project
mechanidic-empirical  performance prediction modds were goplied in
oder to edimae the degradaion evolution of the experimenta
sections regarding the main mechaniams that affect the end of the
savice life of flexible pavement dructures, that is the occurrence of
fatigue cracking and the presence of whed rutting.

The performance models used are pat of the Pavesys Pavement
Management System, which is inddled in the paved network of the
Univies company dSnce 2002 The paved nework under the
responghility of Univiasis gpproximetely 1,300 km long.

The dadticity modules of the layers were determined by means of
backcdculaions of the basns of FWD messured under a load of 41
kKN. The pavement dructure conddered for this cdculdion is the
section shown in Fgure 2, where the thickness vaues refer to the
mean vaues determined through investigaions performed in severd
points of the experimentd section. The andyss that will be presented
in this dudy conddered the mean vaues of dadicity modules of the
regpective layers cdculated for al experimentad sections, as indicaed
inthelag line of Table5.

213 cm Asphalt layer E;
21cm Soil E,
30cm Compact subsurface E;

Subgrade E,

Figure 2: Pavement section for backcdculation of FWD



The vadues for E; deermined using backcaculation were reather
lower than the expected vadues for the redlient modulus measured in
laboratory tests a 25°C using conventiond asphdlt concrete samples
(3000 to 5000 MPa), which might be a consequence of the layers

severe cracking.

Table 5: Mean vaues for the modulus of dadticity

Section = Es E4
(MPa) (MPa) (MPa)
01 775 676.1 1975
02 146.0 4427 2589
03 94.6 7439 346.3
o4 1304 704.4 3200
Mean 1121 641.8 280.7

The base layer presents moderate reslience, which might be a
consequence of ether the soils nature or its humidity level (due to
water penetration through the overlay cracks). The sub-base soil, on
the other hand, shows very low dadtic deformatility.

Teking into consderation that the annud traffic load is 5~ 10°
repetitions of sandard axle of 82 tf (according to the load equivaence
factors of AASHTO) and tha the locd dimae conditions can be
expressad by the following mean monthly temperatures:

Jonuary: 236 °C dly:  128°C
February: 23.9°C August: 150 °C

March: 238°C September: 150 °C
Apil: 197°C October: 17.5°C
May: 176°C November: 19.2 °C
dne 122°C December: 22.3 °C

the folowing peformance prediction for an asphdt rehabilitation
layer with 3.8 cm of thickness goplied to the experimenta saction
after cutting of 2.5 cm of the pavement, is produced:



- Conventiond asphdt concrete tp = 2.9 yearss CR = 20% dfter 44
years

- Polymer modified asphalt concrete: § = 6.8 years, CR = 20% after
8.3 years,

- Asphdt Rubber: t) = 5.0 years, CR = 2% after 6.5 years.

5. Conclusion

The experimentd section in the Interstate BR 116 might dlow for an
evolution of the knowledge aout the use of tire rubber modified
agphdt mixes in the south region of Brazil. The peformance offered
after two years of studies reveals the absence of severe defects in the
rehabilitated sections. The degradation edimate of the experimentd
sections obtained through the application of performance prediction
modds and adjusted according to the observation of the behavior of
the highways in sarvice in Brazil were presented in this paper. The
results of this sudy might be used for the assessment of the accuracy
of the modds employed and to identify the nead of applying dhift
factors.
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