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The Life NEREIDE project has the aim of evaluatihg advantages of using crumb rubber and
Reclaimed Asphalt Pavement (RAP) in constructiameaf Low Noise Pavement (LNP) surfaces,
specifically designed to reduce rolling noise btimjzing surface texture. The new LNP surfaces
are realized by using the Warm Mix Asphalt (WMAgheology that allows a significant reduc-
tion of mixing and compaction temperatures of alkptancrete. The benefits of using WMA
technology may include reduced fuel usage and tatiuand improved working conditions
whilst the reuse of RAP allows to saving consumptid non-renewable resources in asphalt
pavement industry. WMA technologies act on someastiaristics of asphalt binders; the NERE-
iDE project will investigate the effects of the Whalditives in order to identify the most appro-
priate additives to be used to improve binder pribgmin terms of viscosity and coating proper-
ties; the work will be completed by determining thyimum mixing and compaction tempera-
tures of the new LNP mixtures by using the seleg¥dA additive. These temperatures will be
evaluated by measuring the internal resistanceefiix during compaction and this allows to
evaluate resistance to compaction by using thet@Gyrdoad-cell and Plate Assembly (GLPA).
A method to determine the allowable percentageAf? Ehat can be added in the new LNP mix-
tures has been proposed by the research team elseahd will be applied in the NEREIDE
project. It is based on a new approach used tordete rheological properties of the RAP binder.
From DSR frequency sweep tests carried out on msoctamposed of RAP and fresh binder, the
master curves of the RAP binder can be back-cakulilay using the Modified Nielsen model
and the Voigt model.
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1. The Life NEREIDE project

The LIFE NEREIDE project wants to demonstrate the of new porous asphalt pavements and
low noise surfaces composed by RAP and crumb ruider scrap tires [1]. These materials will be
mixed with binders at warm temperatures to prodid&A pavements with specific benefits in order
to:

* reduce the disposal of waste materials and redwecade of virgin materials;

* achieve better acoustical performance than thogerdly available, allowing a significant

reduction of noise in urban areas and health imgrmant;

* improve safety in urban areas by obtaining draiind good textured surfaces;

* improve air pollution due to asphalt laying.

The experimental activities will lead to the deyetwent of specific guidelines to be used by Road
Administrations in preparing specifications for ttenstruction of new porous asphalt, low-noise and
low carbon footprint road surfaces. Guidelines Wwéldeveloped in order to upgrade and to improve
the methods currently available to assess thetefé@ess of low noise road surfaces in urban areas.

This article describes the experimental activipesformed to date. These activities allowed to
identify the more suitable WMA additive to use feduction of mixing and compaction temperatures
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of a specific type of crumb rubber modifier bind€RMB); moreover a new approach used to deter-
mine rheological properties of the RAP binder isganted.

2. The warm mix asphalt technology

Generally, mixtures containing crumb rubber areadiand compacted at temperatures not lower
than those of the traditional Hot Mix Asphalt (HMAJvidently, this aspect conflicts with the actual
needs of eco-efficiency and sustainability thaurmega reduction of energy consumption and pollu-
tion. In the perspective of reducing air pollutieamd the environmental impact related to the produc-
tion of these mixtures at high temperature, itdsassary to make attempts to reduce their mixidg an
compaction temperatures.

WMA additives were developed and implemented asnsié@areduce environmental impacts by
allowing for mixture production at least 30°C lowkan conventional HMA with no premature fail-
ures [2]. Furthermore, results of numerous resesanatliies have shown the potential for WMA to
benefit performance in the following ways:

» the presence of more uniform mat compaction.

* anincreased mixture durability.

» Higher Recycled Asphalt Pavement (RAP) contentsiies.

Actually, there are various WMA additives available the market, and they can be classified
according to the type of product and the claimeahmgism as reported in Table 1 [2]. Table 1
provides a summary of some of the widely used WMAitives and the mechanisms by which they
are known or claimed to operate. These technolagiese with numerous potential benefits and risks
related to both construction and performance.

Table 1: WMA additives and claimed mechanisms

Claimed mechanism
Product

During coating/mixing During compaction
Foaming by injection or mixing Reduced viscosity crigmsed film thickness

Foaming by water bearing minerals Reduced viscosity Reduced viscosity
Wax synthetic Reduced viscosity Reduced viscosity

Chemical surfactant/wax combina- | ,. . . .
tion Viscosity/surface tension Reverse micelle formation

Chemical surfactant Reduced surface tensipn Rewairsdle formation

Chemical functionalized poly-olefins  Reduced susfgansion Internal lubrication

Recent research studies reported that the reduictiproduction temperature due to the use of
WMA additives predicted using conventional viscpsiased methods underestimates the workabil-
ity and the densification behaviour observed inftell [3], [4]. As a result of these shortcomings
current test methods and mix design methodologesi@able to quantify the effects of WMA addi-
tives. Potentially, mastic viscosity can be a fesstimate for workability but at this time therenis
substitute for compaction of total mixture. Asphalkture workability and sensitivity to compaction
temperature are strongly influenced by gradatiberefore the need for WMA additives and proper
dosages should be selected on the gradation uked [5

In the following sections a new procedure to evidfect of WMA additives on binder viscosity
and on mixture workability and to facilitate thextuire design and temperature selection process is
presented.
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2.1 Identification of the most suitable WMA additive

In order to identify the most suitable WMA addititeeuse for reduction of mixing and compaction
temperatures of a specific type of CRMB, 4 différgmpes of WMA additives have been analysed.
The CRMB used is composed of 50-70 penetrationegbéiimen (80% by weight) and CRM (20%
by weight). In Table 2 are shown the different typead quantities of WMA additives used.

Table 2: Types of WMA additives used

WMA additive Type of additivi Quantity* [%]
SW Synthetic wa 3.C
F Foaming 0.€
SA Surfactant age 0.t
C Chemica 1.C
* additive content as percentage by weight of the ¢

2.1.1 Effects of WMA additives on binder viscosity

The dynamic viscosity of the CRMB before and aftéxing with the selected additives was eval-
uated in order to choose the more appropriate i@ddid achieving the specific aims: low viscosity
at the desired mixing and compaction temperatdres.more appropriate additive was selected by
considering the additive that at lower temperatina@s the same viscosity of the CRMB at 175°C,
that is the usual mixing temperature of CRMB (ASD@114/D6114M 2009).

Dynamic viscosity of binders has been measured Bgoakfield Viscometer at a constant shear
rate of 10 3 according to ASTM D4402 standard procedure. Isathéscosity curves at T=175°C
and the viscosity curves versus temperature wetesrdaed in order to evaluate the variation of
viscosity after adding the different types of WM@Ad#ives (Figure 1).
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Figure 1: Isotherm viscosity curves at T=175°C #relviscosity curves versus temperature.

The obtained results show appreciable benefits filtenuse of the wax, where it is possible to
obtain, at a temperature of about 150 °C, viscasityes comparable to those obtained on the CRMB

at usual mixing temperatures (175 °C); in partiguiiacan be observed the gain increases as the
temperature decreases.

2.1.2 Effects of WMA additives on mixture workability

The results obtained from viscosity measuremerdw/ghat the synthetic wax is the additive as-
suring the best performance; it was used in an amaiu3% by weight of the CRMB to determine
the optimum range of mixing and compaction tempeeator a gap graded asphalt concrete with 8.0
mm maximum aggregate size and with optimum bindatent equal to 8%.
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The optimum mixing and compaction temperature wesrchined by comparing the volumetric
characteristics at different temperatures (155, d#b 135 °C) with those determined on the CRMB
mixed and compacted at T= 175 °C; this latter suaged as the control mixture. The volumetric
characteristics of the mixes have been carriedougpecimens compacted by the Superpave Gyra-
tory Compactor (SGC) atdakigi=50. The Figure 2shows the volumetric charactessti the mixes
in terms of volume of air voids (AV) and bulk detySiGmb).
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Figure 2: Volumetric characteristics of the mixes.

In order to evaluate the effects produced by tdecton of mixing and compaction temperatures
on the mixture workability, the friction resistansieould be measured by the Gyratory Pressure Dis-
tribution Analyzer (GPDA) during compaction. The @& is a device for theneasurement of the
shear resistance of hot-mix asphalt mixtures. TR®& can be inserted in SGC to measure the mo-
ment applied by SGC loading ram on mixture to kiegtilting angle constant during gyrations. The
results from the GPDA give a continuous measurthefresistance of asphalt mixtures to shearing
under gyratory loading at a fixed angle. The st[&lyhas proposed that the bulk shear resistance
estimated from the GPDA is a good indicator ofuwlekability of asphalt mixtures. In the study [2]
the parameters and CFI have been proposed to evaluate asphalumixtorkability using volu-
metric data routinely collected during current mdesign and quality control testing. The-N de-
fined as the number of gyrations required to re22¥% Gnm corresponding to 8% air voids & is
the theoretical maximum density of mixture). Thel Gdefined as the Construction Force Index,
which is the area under the resistive effort cdroen Ninitiar t0 92% Gnm. A mixture with higher M
and CFI needs higher amount of energy to reacB2be Gnm in construction, instead a mixture with
lower No2 and CFl is characterized by better performandenms of volumetric characteristics and
workability. The values of these parameters wasrdghed at different temperatures, particularly at
155, 145 and 135 °C for the mixes with CRMB+WMA #@ne and at 175°C for the mix with CRMB.

The results confirm the better internal structgrebtained by compacting the mix at 145°C which
results the optimum compaction temperature to aehietter results in terms of volumetric charac-
teristics and workability (Table 3, Figure 3).

Table 3: Workability parameters

Type of mix Noz CFl
n* kPa-n
CRMB at T=175°%( 40 288.(
CRMB+3% SW at T=155° 39 307.¢
CRMB+3% SW at T=145° 30 194.2
CRMB+3% SW at T=135°C 31 211.2
* number of gyratior
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Figure 3: GPDA results.

3. Estimation of the rheological properties of RAP binder

The use of RAP in HMA mixtures has increased irenégears. When the residual service life of
asphalt pavements is approaching the end [7], #tenmls composing the structure still retain con-
siderable value. In addition, the use of RAP in L&ilfffaces is not common practice. LNP surfaces
are mixture with enhanced surface properties (amsuand friction performances) [8], superior fa-
tigue and rutting resistance, and considerablehilityaobtained through a highly stable aggregate
skeleton and the selection of appropriate and bigddity materials. Due to the high performance
levels required and to the premium materials neéaleslich a mixture, LNP surfaces may be signif-
icantly more expensive than conventional HMA. Tke of RAP in LNP surfaces would potentially
reduce the production costs and make this matemalonmentally sustainable, when the superior
fatigue performance is preserved [9].

In the following sections, a new procedure to eatarthe rheological properties of RAP binder
and of bituminous blends composed with RAP bindeojding the extraction and recovery method
is presented [10]. Furthermore, a procedure torchte the maximum amount of RAP that can be
added to a LNP mixture without compromising itsfpenance is proposed [11].

3.1 Description of the research approach

The approach used is based on the evaluation ofadfieal properties of two different mortars
composed of fresh binder and RAP material passibg im sieve:
e Selected RAP mortar(SRAP), composed by the seléAdimaterial passing 0.15 mm sieve
and fresh binder;
* Burned Selected RAP mortar (BSRAP), composed afdbglting aggregates, after the SRAP
was burned in the ignition oven, and the fresh &ind
The proposed research approach is based on a catiohilof Dynamic Shear Rheometer (DSR)
tests on asphalt binders and on asphalt mortadspmamheological modelling.

3.2 Determination of the rheological properties of the RAP binder

The proposed methodology is summarized in Figufardt, SRAP and BSRAP mortars are pro-
duced; then, DSR tests are performed on SRAP afRABSnortars. Finally, in order to back-calcu-
late the effective complex modulus and the phagéanf the blends of virgin and SRAP binders, a
new approach based on the Nielsen model and ovidigeé model for composite materials is used.

ICSV24, London,23-27July 2017 5
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\4

Perform DSR tests on BSRAP mortars Implement the Nielsen model

v

Perform DSR tests on SRAP mortars Determine the parameters of the Nielsen Model
[ [
v
Back-calculate the complex modulus of the bituminous blend composed by fresh and RAP binder

Obtain the complex modulus and the phase angle of the RAP binder using the Voigt Model

Figure 4: Research approach flow chart.

The original formulation of the Nielsen model, atdapto the specific case of bituminous mortars,
is expressed by the equation:

*

Gm

_1+ABV,
1-BWVp

(1)

*

Gy

where | G'm | is the norm of the complex modulus of the mortar; |Gy | is the norm of the com-
plex modulus of the binder;pPds the volume fraction of fine aggregate partiatafculated as the
ratio of the particle volume over the composite ifaQ volume in percentage; and A, B apcre
dimensionless model parameters.

The DSR tests performed on the BSRAP mortars a@ tesdetermine the parameters of the Niel-
sen model. The stiffening ratipG'm | /| G'v| is calculated using the results of DSR tests peéa
on fresh binder and on BSRAP mortar.

Once the complex modulus of the bitumen compoumgtisnated, it has been demonstrated that
the complex modulus of the RAP binder can be catedl by using the Voigt model:

(G;)SRAP _G; ; ) )

*
GRAP binder = V
RAP binder

Where G*, G*rap vinderand (G%)srap are the complex modulus of the fresh binder, ef RAP
binder, and of the blend of the fresh and RAP hindespectively; and ¥and \kap binderare the
percentages of the fresh and of the RAP binder.

According to studies by Christensen [12]12 and laglB], the phase angle of a composite ma-
terial is theoretically equal to that of the matematrix. Based on this consideration, the phagéea
master curve of the SRAP mortar can be used aftsestonating the phase angle of a blend of fresh
and RAP binder. The phase angle of the artifici®P binder can then be obtained through this
equation:

Vi [Eand¢ + Veappinder BGRAGP% [#angapbinder
F )

(tanéb) =
SRAP G' .
RAPbinder
Ve + T (VrAPbinder
F

where (tadp)srap, tardr and tadrarbinderare the loss tangent of the bituminous blendslifiend
RAP binder), of the fresh binder and of the RARIeIn respectively; GarvinderiS the real part of the
complex modulus of the RAP binder equal to g&bindetCODRAPbInde); and Gt is the real part of the
complex modulus of the fresh binder. In Figure & phedicted rheological properties of RAP binder
using previous equations are reported versus tlasuned values.

Complex modulus Phase angle
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Figure 5: Predicted versus measured rheologicggsties of RAP binder

3.3 Analytical procedure to determine the maximum amount of RAP

In order to determine the allowable RAP binder Wwhgan be included in the design of LNP mix-
tures while preserving good fatigue properties,fétigue parametebe* | -sind of the bituminous
blend of fresh and RAP binder back-calculated ftbenNielsen model.

A 50/70 Pen grade binder with good fatigue perforogacan be used as a reference material and
the value of| G* | -sind = 2201 kPa, measured at 25°C and at 10 rad/s e&elt as benchmark.
Therefore, plotting the paramet#Gb* | -sindversus different percentage of RAP binder (6%, 16%,
36%) is possible to determine the maximum percentddRAP that can be added in a LNP mixture.
For the specific SRAP material a maximum conter228% of RAP binder was calculated. When
considering the entire RAP fractions, this valueresponds to a percentage of 33.5% of RAP that
can be added to a LNP mixture with an optimum hirda@tent equal to 7.5%, considering a percent-
age of RAP binder in the total mixture of 5%.
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£ 2000 y = 6865x + 602,2
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RAP binder [%]

Figure 6:| G* | -sind versus RAP binder percentage

4. Conclusions

The aim of this research is to identify the mogprapriate WMA additive able to reduce the
mixing and compaction temperature of CRMB and tteeine the allowable percentage of RAP
that can be added to LNP mixtures without comprorgithe fatigue resistance. The following con-
clusions can be drawn:

* The addition of 3% of wax produces the greater cgdn of viscosity of the CRMB and it

assures the workability up to the temperature 6FC4

* The assessment of volumetric and workability chierastics of the CRMB+WMA additive

(3% of synthetic wax), by a SGC equipped with tHeD@,, show a significant improvement
in workability at T=145°C and at T=135°C; the wdokdy at T=155°C is still comparable
with that of the CRMB at T=175°C. In particularetbetter workability is obtained at T=145°,

ICSV24, London,23-27July 2017 7
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that has been considered the optimum compactiopegature for this mix. This result allows
a reduction of 30°C of the mixing and compactianperatures of CRMB, with a significant
benefit in terms of pollution and energy consumptio

From DSR frequency sweep tests carried out on msoctamposed of RAP and fresh binder,
the master curves of the complex modulus and optiase angle of the RAP binder can be
back-calculated by using the Modified Nielsen madel the Voigt model, by this way avoid-
ing the extraction and recovery method to charemdéhe properties of the RAP binder.

A limiting amount of RAP binder of 23.3%, corresplarg to 33.5% of RAP material, was
estimated for LNP mixture without compromising theperior fatigue performance when a
typical 50/70 pen grade binder is used.

REFERENCES

10

11

12

13

http://www.nereideproject.eu

Hanz, A. (2010)Quantifying the Impacts of Warm Mix Asphalt on Mixture Workability and Performance.
Doctoral Dissertation. University of Wisconsin — diitgon, WI, (2010).

Bennert, T., Reinke, G., Mogawer, W., Mooney, KO1Q). Assessment of Workability/Compactability
of Warm Mix Asphalt.Transportation Research Record: Journal of the Transportation Research Board,
No. 2180, 36-47, (2010).

Hanz, A., Faheem, A., Mahmoud E., Bahia, H.U. MeaguEffects of Warm Mix Additives Using a
Newly Developed Asphalt Binder Lubricity Test fbiet DSR.Transportation Research Record: Journal
of the Transportation Research Board, No. 2180, 85-92, (2010).

Hanz, A.J., Bahia, H.U. Asphalt Binder ContributinMixture Workability and Application of Asphalt
Lubricity Test to Estimate Compactability Temperatufor Warm Mix Asphalt92™ Annual Meeting of
the Transportation Research Board, January 13-17, (2013).

Guler, M., Bahia, H. U., Bosscher, P. J., PleshaElDevice for measuring shear resistance of hwot-m
asphalt in the gyratory compactdransportation Research Record: Journal of the Transportation Re-
search Board, No. 1723, 116-124, (2000).

Losa, M., Bacci, R., Leandri, P. (2008). A statigtimodel for prediction of critical strains in Ranents
from deflection measurementsternational Journal of Road Materials and Pavement Design, EATAQ8
Volume 9 special issue, 373-396, (2008).

Losa, M., Leandri, P., Licitra, G. Mixture Desigmptnization of Low-Noise Pavemenisansportation
Research Record: Journal of the Transportation Research Board, No. 2372, 25-33, (2013).

Leandri P., Cuciniello G., Losa M. Study of Susgdile High Performance Bituminous Mixtupeocedia
- Social and Behavioral Sciences, n° 53, 495-503, (2012).

Leandri, P., Riccardi, C., Losa, M. (2015). A ngepebach to estimating rheological properties ofrtpe
binder at intermediate temperaturésternational Journal of Road Materials and Pavement Design,
EATA 15 Volume 16 Supplement 1, 280-299, (2015).

Riccardi, C., Cannone Falchetto, A., Leandri, Rsd, M., Wistuba, M. A novel back-calculation ap-
proach for determining the rheological propertieRAP binder.Road Materials and Pavement Design,
volume 18, S1, 359-381, (2017).

Christensen, R. M. Viscoelastic Properties of Hejeneous Medialournal of the Mechanics and Phys-
ics of Solids, Volume 17, 23-41, (1969).

Hashin, Z. Complex moduli of viscoelastic compasit&eneral theory and application to particulate
compositeslnternational Journal of Solids and Structure, volume 6, 539-552, (1970).

ICSV24, London,23-27 July 2017



