Performance of Aged Asphalt Mastic Combining Active and Inert Filler Materials
in Terms of Creep Recovery

Shahrul Ibney Feroz
(Corresponding Author)

Master’s Student, Pavement Engineering, Department of Civil Engineering
Advanced Road & Transportation Engineering Lab (ARTEL)
Memarial University of Newfoundland
St. John’s, Newfoundland & Labrador, A1B 3X5, Canada
Email: siferoz@mun.ca

Debzani Mitra
Graduate Research Assistant, Center for Research and Education in Advanced Transportation
Engineering Systems (CREATES)
Rowan University
New Jersey 08028, USA
Email: mitrad43@students.rowan.edu

SK Faisal Kabir, Ph.D.
Post-Doctoral Fellow, Center for Research and Education in Advanced Transportation
Engineering Systems (CREATES)
Rowan University
New Jersey 08028, USA
Email: kabirs@rowan.edu

Kamal Hossain, Ph.D., P.Eng.
Associate Professor
Department of Civil and Environmental Engineering
Carleton University, Ottawa
Adjunct Professor, Department of Civil Engineering
Advanced Road & Transportation Engineering Lab (ARTEL)
Memorial University of Newfoundland
Ottawa, Ontario, K1S 5B6, Canada
Email: kamal.hossain@carleton.ca

Yusuf Mehta, Ph.D., P.E.
Professor, Department of Civil and Environmental Engineering
Director, CREATES
Rowan University
New Jersey 08028, USA
Email: mehta@rowan.edu

Submitted on May 01, 2023

Paper prepared for the “SO - Testing and Modeling of Roadway/Embankment Materials and
Geotechnical Engineering” session of the 2023 TAC Conference & Exhibition

Submitted for presentation and publication


mailto:siferoz@mun.ca
mailto:mitrad43@students.rowan.edu
mailto:kabirs@rowan.edu
mailto:kamal.hossain@carleton.ca
mailto:mehta@rowan.edu

ABSTRACT

Mastic is the main component of an asphalt structure that deforms when stress is applied.
Substantial research has been done on the deformation and creep and recovery characteristics
of asphalt mastic with varying filler proportions to develop a rheological parameter. Few research,
however, has examined the combined impact of active and inert fillers. This study compares the
creep recovery performance of asphalt mastics fabricated with the combination of different active
and inert fillers containing modifier and anti-stripping agent. To understand the creep recovery
characteristics of aged asphalt mastic, an experimental campaign of Multiple Stress Creep
Recovery (MSCR) tests following AASHTO T 350 was performed using the Dynamic Shear
Rheometer (DSR). This investigation used Styrene-Butadiene-Styrene (SBS) as modifiers to
modify the neat PG 58-28 binder and Zycotherm as liquid anti-stripping agent. For fabricating the
mastics, different proportions (10%,20%,30% by the weight of base binder) of Hydrated lime (HL)
and Fly ash (FA) were selected as active fillers, whereas different proportions (70%,60%,50% by
the weight of base binder) of Limestone (LS), Dolomite (DM) and Basalt (Ba) were selected as
inert filler materials. The active and inert fillers were added in such a way that the Filler-Binder
(F/B) ratio remains 0.8. Rolling Thin-Film Oven (RTFO) protocol was applied to simulate
construction and laying time oxidative aging. The performance of these mastics was compared
using non-recoverable creep compliance, stress sensitivity analysis, and percent recovery
analysis. AASHTO M 332 specifications have been used to classify all the mastics based on the
Jnr value at 3.2 kPa and stress sensitivity. In addition, polymer method MSCR curve specified by
the Asphalt Institute (Al) were employed to interpret the test results. Based on the analysis of
experimental data, active filler HL produced better creep recovery performance compared to FA,
and when combined with inert filler LS, it showed the best performance. The combined effect of
10%HL and 70%LS modified with SBS containing Zycotherm was predominant and satisfied all
the creep recovery performance requirements.

Keywords: Asphalt mastic, Multiple Stress Creep Recovery, Active filler, Inert filler, Combined
effect

INTRODUCTION

Inclusion of modifiers with binder, improves the binder’s performance and reduces pavement
distress (1). Polymer modifiers are the most effective strategy for preventing excessive plastic
deformations at high temperatures (2). Furthermore, the aggregate surface is more attracted to
water than binder due to its surface energy characteristics (3). Therefore, anti-stripping agents
are added to the asphalt binder to combat moisture damage. With the inclusion of fillers with the
binder, the cohesion between components formed mastic, where fillers influence the asphalt
mixture by increasing the stiffness and altering the moisture resistance, workability, and
compaction characteristics of asphalt mixtures (4-5). The component of the asphalt mixture known
as the mastic deforms when stress is applied (6). Asphalt mastic is a combination of asphalt
binder and specific ratios of mineral filler used to manage its mixture’s mechanical behavior (7-
8). Most of this mineral aggregate passes a 0.075 mm sieve (9). Mastic testing and research on
the optimum filler-binder combination are subjects that are gradually garnering attention in this
area and have demonstrated more potential than traditional binder testing (4,10).

A filler’s function in an asphalt mixture may be divided into the following separate actions: 1)
functioning as an inert filler material (Limestone (LS), Dolomite (DM), Basalt (Ba), etc.) to fill
spaces between coarse aggregates, and 2) acting as an active filler material (Hydrated Lime (HL),
Fly-ash (FA), diatomite) when it comes into contact with binder at the interface (11). Very few
literature describe the combined effect of active and inert filler in modified asphalt mastic
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containing a liquid anti-stripping agent. The performance of the combination of active and inert
filler in asphalt mastic will be evaluated in his study. When the proportion of active and inert filler
is used above a specific limit, thermal cracking may develop. This is because the filler particles
are cementing the binder too strongly. Thus, effective rutting resistance can only be achieved by
using the proper quantity of filler (12). This investigation aims to understand the function of adding
a different proportion of active and inert filler to prepare the mastic and compare their high-
temperature rutting and recovery performance. The optimized proportion of active and inert filler
was used to prepare the mixture. For high-temperature performance, it is often advised that the
F/B ratio not exceed 1.4 (13). The ideal filler content for modified mastic is between 0.8 and 1.2.
(14). A F/B ratio of 0.8 was used in this study to prepare all the mastics.

In this study, HL and FA were used as active fillers. HL was used, which enhanced the ductility of
asphalt mastic, lowered aging and boosted rutting and moisture resistance (15). Several research
efforts had looked at the positive impact of FA on the asphalt mix’s ability to resist moisture and
rutting and maintain tensile strength (16-17). Due to the considerable rise in mastic consistency,
HL and FA fillers must be introduced in small quantities. The performance of an asphalt mixture
may be decreased by using too much HL (18). Thus, the proportion of active filler was chosen to
be 10% - 30% by the weight of the base binder to prepare the mastics. LS filler was selected for
this study because it is a broadly used filler. Along with having a strong stiffening capacity, LS
filler also helps the polymer phase function as effectively as possible (4). In a previous study 75%
Ba with 5% HL showed better low-temperature cracking performance (19), so, Ba was also
selected for this study. The proportion of inert filler was chosen 50% - 70% by the weight of the
base binder to prepare the mastics. Various asphalt mineral filler mastics revealed nonlinear
rheological behavior at high temperatures (6).

Some studies have been conducted to evaluate the rheological characteristics of asphalt mastic.
Dynamic shear rheometer (DSR) was used in these studies following AASHTO T 315 test method.
The superpave rutting parameter, often known as the index (G/sind), has also been used to
measure the flow characteristics of asphalt mastic. But this test method cannot measure
mechanical and viscoelastic characteristics of polymer-modified binders and mastics beyond their
linear viscoelastic ranges. Also, the Superpave parameter can not measure the energy dissipation
of most polymer-modified binder (PMBs) due to delayed elasticity, so a non-reversible cycle
loading is suggested (20). Direct measurements of the damage resistance of mastic may be
obtained using the MSCR test. Therefore, it is advised that the MSCR test rather than the elastic
recovery test be used to assess the recovery property of binders and mastics (21). Typically,
rheological parameters like creep recovery performance of viscous materials are measured and
evaluated using dynamic shear rheometers (DSRs) by applying a shear force to specimens. (15)
following AASHTO T 315 test method. DSR can work in two modes — controlled stress or
controlled strain (22-23). The multiple stress creep recovery (MSCR) test method is used during
this study, applying a constant stress condition to the sample. To capture the influence of
modifiers, MSCR parameters are more efficient than other parameters (24). The MSCR test
technique involves loading a sample for one second at constant creep stress and then allowing it
to recover for nine seconds at zero stress. The test is performed at two different levels of stress:
0.1 kPa and 3.2 kPa at 64°C (25). The non-recoverable creep compliance (J.) and MSCR percent
recovery (%R) values are computed from the test results at both stress levels, as stated in the
applicable AASHTO and ASTM standards (26-27). Instead of using the rutting parameter
(G*/sind), these two findings from the MSCR test can be utilized to assess rutting potential (28).
The Jnr and %R is used to construct the polymer method MSCR curve (polymer modification
curve) to interpret the elastomeric performance of the aged asphalt mastic and ensure whether
the samples are modified with an acceptable range with elastomeric polymer (27).
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OBJECTIVES

The main objectives of this study include:

¢ Evaluate and compare the creep recovery performance of different active, inert, and a
combination of active and inert filler in aged asphalt mastic containing modifier and liquid
anti-stripping agent based on non-recoverable creep compliance, percent recovery, stress
sensitivity, and polymer modification curve.

¢ Understand the effect of different proportions of active and inert filler in mastic scales by
comparing their rheological performance at high temperature and propose an optimum
dose.

e Gain a basic understandstanding about the combined effect of fillers, modifiers and anti-
stripping agents’ dosage on the rheological properties of asphalt mastic

MATERIALS AND METHODS

Materials

Asphalt Binder, Modifier and Anti-stripping Agents

Rutting is a common condition that may be avoided by carefully choosing the binder. Performance
Grade PG 58-28 binder is employed in several regions of Newfoundland and Labrador, Canada,
particularly in the southern area. Binders are rated according to their performance in extremely
cold and hot temperatures. SBS (4% by the weight of base binder) was used in this study as
shown in Fig.-1. SBS was obtained from local sources. Xiao et al. demonstrated that applying
anti-stripping agents may reduce asphalt pavement stripping (29). Adding Zycotherm to the binder
enhances the binding between the bitumen and aggregate. Zycotherm makes the aggregate
surfaces more hydrophobic (30), eventually improving the contact between the aggregate and
binder, thus increasing the performance. Liquid anti-stripping agent Zycotherm shown in Fig.-1
was added with the modified asphalt to evaluate the creep recovery performance of liquid anti-
stripping agents. 0.1% Zycotherm with 4% SBS showing good rutting performance (31). So, 4%
SBS and 0.1% Zycotherm have been chosen in this study.

(@) (b)

Fig-1. Binder Modifier (a)SBS and b) Anti-stripping agents Zycotherm
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@) (b)

(c) (d) (e)

Fig-2. Active fillers a) HL, b) FA, and Inert fillers ¢) LS d) Ba e€) DM

ALA 650 FEG 0 15.1mm 25.00kV ETD 74.6 um 4 000 x

(a) (b)
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(c) (d) (e)

Fig-3.SEM images of Active fillers a) HL, b) FA, and Inert fillers c) LS d) DM e) Ba

Fillers

HL and FA were obtained in powder form, passing sieve No. 200. Conversely, LS, Ba, and DM
were obtained from local quarries. Initially, the average size of the collected fillers was between
2-10 mm. To grind the materials, planetary ball mill equipment was used. After grinding the
materials, the fine particles of LS, Ba, and DM were sieved with sieve No. 200. The fillers passing
sieve No. 200 were collected to use as afiller. The fillers are presented in Fig.-2. While preparing,
the mastic F/B ratios of 0.8 (80% by the weight of the base binder) were used. To evaluate the
creep recovery performance of the asphalt mastic and the mechanical performance of the asphalt
mixture, active and inert fillers were mixed so that the F/B ratios remained 0.8. For fabricating the
mastics, different proportions (10%,20%,30% by the weight of base binder) of active fillers and
different proportions (70%,60%,50% by the weight of base binder) of inert filler materials were
mixed, i.e., HL0.1+LS0.7, HLO.2+LS0.6, HL0.3+LS0.5, etc. Some mastics were prepared without
mixing any active and inert fillers (80% by the weight of the base binder) to compare the
performance of the combination of active and inert fillers, i.e., HLO.8, FAO0.8, etc.

As part of this investigation, the physical and chemical characteristics of the fillers were examined
to better understand their properties. Specific gravity tests with the pyknometer method,
brunauer— emmett—teller (BET) tests for specific surface area (SSA), scanning electron
microscopy (SEM) imaging, and X-ray fluorescence spectrometry were used for this
characterization. According to SSA and SG tests, Active filler HL has a lower density while Fa has
a higher density (Table 1.). The SSA of the HL filler was 1.4 times greater than the FA filler.
Dolomite filler has the highest density of all the active and inert fillers. Ba has a higher SSA
compared to other inert fillers. Table 1. shows XRF oxide profiles for chemical analysis. For HL,
LS, and DM dominating oxide is CaO, while FA and Ba dominating oxide are SiO..

Fig.-3 displays SEM and physical photographs of all the fillers. In the case of HL, most particles
are coarser, irregular, and have a porous structure, whereas most FA particles are rounded. For
LS filler, most particles have a small grain size while particles of Ba and DM tend to agglomerate.
Usually, the particle of Ba is flaky but due to the use of plenary ball mill equipment for grinding,
the particle size cannot be properly defined.

Methodology

Modification of Binder

To modify the binder, neat PG 58-28 binder was preheated at 160°C to make it fluid enough. The
SBS (4% by weight of base binder) modified binder was collected from a local pavement

Page 6 of 20



company. Zycotherm were added with the modified binders separately. A magnetic stirrer was
used for 45 minutes at 160°C to prepare the modified PG 58-28 with modifiers and liquid anti-
stripping agent. The mixing time and temperature were selected after several trials confirming a
homogeneous mixture without any agglomeration.

Preparation of Asphalt Mastic

Prior to blending the fillers with the modified binder, each filler was cleaned and dried for 24 hours
at 105°C in the oven. To ensure the homogeneity of the mixture of binder with fillers, the mixing
conditions were adjusted for different F/B ratios. To achieve this, each type of filler with different
F/B ratios was gradually included into the heated binder, mixing at 160, 170, and 180°C for 60,
120, and 180 minutes, respectively using a magnetic stirrer. The mixing temperature and time
was adjusted to avoid the filler sedimentation.

Aging, and Testing

All the binders were heated at 160°C until they became pourable to prepare the sample. Finally,
to simulate short-term laboratory aging of the base binders and modified mastics, The Rolling
Thin-Film Oven (RTFO) conditioning in accordance with AASHTO T 240 was employed. To
prepare the aged mastics, continuous oxidative conditioning was applied at 163°C to the binders
for 85 minutes. Finally, the MSCR test protocol was employed using the DSR equipment. A 25mm
plate was used to prepare the mastics. In this investigation, 23 asphalt mastics with varying F/B
ratios were prepared. All the mastics, including the control binder, were tested twice to ensure the
reliability of the data. The experimental plan of the mastic level study is illustrated in Fig-4.

Table 1. Oxide composition and physical properties of fillers

Oxide Composition Physical Properties

Fillers MgO Al2Os SiO2 CaO Fe203 KO  Others SSA (m?/q) SG
HL 6.38 0.19 7.42 84.43 0.18 0.67 0.73 10.95 2.23

FA 1.72 26.95 50.69 11.57 5.23 2.77 1.07 7.93 2.35

LS 2.32 1.09 1.75 91.19 1.82 0.97 0.86 4.02 2.74

Ba 8.31 13.61 48.57 12.78 14.76 1.21 0.76 9.31 2.75

DM 14.89 1.78 2.12 80.52 0.11 0.07 0.51 3.89 2.83
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PG 58-28
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[
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Zyvcotherm

I

[

Active and
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|

Combination of
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filler
| |

[ | [ | |
. Fiaict HL0.1+L.S0.7| | HL0.1+Ba0.7 | HLO0.1+DMO0.7
Active filler HL0.2+LS0.6| | HL0.2+Ba0.6 | [HL0.2+DMO0.6
filler 1.50.8 HL0.3+L.S0.5| | HL0.3+Ba0.5 | [HL0.3+DMO0.5
HLO0.8 BaO‘S FA0.1+LS0.7 FA0.1+Ba0.7 | |[FA0.1+DMO0.7
FAO0.8 D\Id 3 FA0.2+L.S0.6 FA0.2+Ba0.6 | |[FA0.2+DMO0.6
B FA0.3+L.S0.5 FA0.3+Ba0.5 | [FA0.3+DMIO0.5

I

I

|

I

Asphalt mastic

|
Short-term aging RTFOT
Conditioning
|

MSCR analysis

Fig-4. Experiment Design Matrix

Method of Analysis

The multiple stress creep recovery (MSCR) protocol using DSR equipment has been widely
accepted to evaluate the permanent deformation behavior of asphalt mastic using the creep-
recovery concept (32). Three significant parameters like non-recoverable compliance (Jn), stress
sensitivity, and percent recovery are used to identify the creep recovery performance of the
asphalt mastic obtained from the MSCR test (33). AASHTO M 332 (34) specifications classify the
binders as Extremely Heavy Traffic (E), Very Heavy Traffic (V), Heavy Traffic (H), or Standard
Traffic Criteria (S), as based on the J, value at 3.2 kPa.

Non-recoverable Creep Compliance at 3.2 kPa

The non-recoverable creep compliance (Jn) is calculated to evaluate the deformation as per the
AASTHO M 332. The non-recoverable creep compliance, which is evaluated at 3.2 kPa, is used
to assess the samples resistance to permanent deformation under repeated loading. A lower
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value of Jn implies a lower rate of deformation, which implies good elasticity and higher rutting
resistance (35). The test temperature was selected at 64° C for MSCR analysis.

Stress Sensitivity

MSCR test allows the assessment of the nonlinearity of asphalt mastic response and identifies

the excessive stress sensitivity of samples in the nonlinear range. Jn diff. is the difference
between the Jn value at stress levels of 3.2 kPa and 0.1 kPa, as defined in Equation 1 (36), is
utilized as an indicator of stress sensitivity of asphalt mastics. According to AASHTO TP 70, Jur
difference should not exceed 75%. If it crosses this limit, then the samples may fail when
experiencing higher stress or higher temperature in the real world, which is different from the
consideration in the laboratory (34).

_ ]nr,3.2kPa - Inr,O.lkPa
]nr,difference -

x 100% (1)
]nr,O.lkPa

Where:

(-Jnr.qifference™) IS the difference between the Jn, value at stress levels of 3.2 kPa and 0.1 kPa;
Jur32kpa IS the Jnr value at stress levels of 3.2 kPa; and,

Jaro.1kpa IS the Jnr value at stress levels of 0.1 kPa.

Modified Method of Stress Sensitivity

Initially, as an indicator of the stress sensitivity of binder’s, the percent difference in non-
recoverable creep compliance (Jn difference) obtained from the MSCR test is used. It is simply
calculated as Equation 1. However, the fact that there is no correlation between the % difference
and field performance (37). MSCR test is widely used, and many researchers have been
concerned about the applicability of this 75% limit (38-39). The percent difference value of a wax-
modified binder is more than 75% (38). As a result of the previous approach of stress sensitivity
study, this binder should be avoided in road construction since it is very stress sensitive. However,
the investigation revealed that the J, value for a wax-modified binder was very low at 3.2 kPa,
implying that this binder was exceptionally rut resistant. As a result, non-recoverable creep
compliance and percent difference are incompatible, which is why the previous approach of stress
sensitivity was ineffective for modified binders. Stemphihar et al. provided a promising approach
for analyzing stress sensitivity (40). This proposed parameter is denoted as the J. slope.
Equation 2 is used to calculate the stress sensitivity. This newly method does not unfairly
penalize modified binder's which have a low Jn value at 3.2 kPa and provides a comparable
assessment of stress sensitivity.

]nr,slope — ]nr,3.2kPa3_1]nr,0.1kPa % 100% (2)

Where:
(-Jur,siope-) IS the proposed parameter for stress sensitivity;

Jar32kpa IS the Jn value at stress levels of 3.2 kPa; and,
Jaro1kpa IS the Jnr value at stress levels of 0.1 kPa.

Percent Recovery at 3.2 kPa

One of the critical parameters influencing the creep recovery performance of mastics in the MSCR
test is %R. It is indicative of the ability of an asphalt mastic to restore its deformation after the
removal of the creep load. For any asphalt mastic, the value of %R should be non-negative. In
other words, the residual strain at the end of the recovery portion should be no more than the
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accumulated strain at the end of the creep portion for a given creep and recovery cycle. However,
Soenen et al. have reported negative %R (41), which is against the physical significance. The
negative %R is more common for unmodified samples at 3.2 kPa (42). However, sometimes due
to a combination of high temperature, high stress, and low modification level, it can also be
observed for modified samples (43). AASHTO M 332 proposed a method to detect the polymer,
as shown in Equation 3. There is no requirement for Jn values larger than 2 kPa-1 to have a
minimum %R value (44-45).

29-37)(]nr,S.ZkPa)_0'2633; ]nr,3.2kPa =01

3
55 , ]nr,3.2kPa <01 ( )

%R = {
Where:
(-%R-) is the Percent Recovery;
Jar3.2kpa IS the Jnr value at stress levels of 3.2 kPa,

RESULTS AND DISCUSSIONS

Non-Recoverable Creep Compliance, Jnr

Analysis of Jnr of Asphalt Mastics Contain HL and other Inert Fillers

From Fig.-5, all the mastics contained different filler or combination of active and inert filler had a
lower Jnr value compared to the neat aged binder. J,r value for neat aged PG 58-28 was 2.15 kPa
1, All the mastics had a Jnr value less than 0.14 kPa. From the binder level analysis, without the
inclusion of any filler Jnr value of SBS-modified 0.1% Zycotherm was found to be 0.2 kPa! (46).
Inclusion of filler thus lower the Jnr value and improved the rutting performance. Combination of
active filler HL and inert filler LS had a lower value of J, compared to other mastics. This
observation could be explained by the combined well graded particle size distribution of HL and
LS. HL has a porous structure while LS a structure with very fine particles Mastic prepared with
10% (by the weight of base binder) HLand 70 % (by the weight of base binder) LS had the lowest
value of Jnr and thus showed better resistance to permanent deformation. With the increase in HL
and decrees of LS, the Jn value was increasing. This might be due to the higher absorption
capacity of HL. The same pattern could be seen for the HL with Ba and HL with DM.

0.16
0.14 -
0.12 -
01
S 0.08 -
= 0.06 -
~ 0.04
0.02 -
0

kPa)

HLO.8 h

Ba0.8

LS0.8
DMO0.8

HL0.3+Ba0.5 (I

HL0.3+L50.5 [l

HLO0.1+Ba0.7

HLO0.2+Ba0.6

HLO0.1+LS0.7

HLO0.2+LS0.6
HLO0.1+DM0.7
HL0.2+DM0.6
HLo.3+Dmo.5 (G

Types of Asphalt Mastic

Fig-5. Comparison of . at 3.2 kPa~! of Asphalt Mastics contain HL and other inert fillers
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10% (by the weight of base binder) HLand 70 % (by the weight of base binder) Ba has lower Ju
value than HL0.8 whereas other dosage of HL and Ba has a higher J, value than HL 0.8. All the
mastics of HL+DM has higher Jnr value compared to other mastics. Thus, the combination of HL
and DM show poor rutting performance.

Analysis of Jnr of Asphalt Mastics Contain FA and other Inert Fillers

According to Fig.-6, the Jn values were ranging from 0.04-0.14 kPa! for FA asphalt mastic
whereas the Jnr values for HL mastics ranged from 0.012-0.13 kPa™’. So, as expected inclusion of
fillers with binder had lower J, values than the neat aged binder which implied better rutting
resistance. Most of the mastics prepared with the combination of active filler (FA) and other inert
filler (LS, Ba, DM) had a J. value lower than the mastic prepared with only inert filler LS and Ba.
Mastic prepared with 30% (by the weight of base binder) FA and 50 % (by the weight of base
binder) LS had the lowest value of J, than other mastics. With the increase in FA and decrees of
LS, the Jn value was decreasing. Same pattern could be seen for mastics with FA+Ba and
FA+DM. This was due to the addition of FA improved the rutting performance of mastics (16).

0.16
0.14 -
0.12 A
0.1 A1
0.08 -
0.06 -
0.04 -
0.02

0 -

Jnr (1/kPa)

FAO0.8
Ba0.8
LS0.8
DMO.8

FA0.3+Ba0.5 (NG

FA0.3+Ls0.5 [

FAO0.1+Ba0.7
FAO0.2+Ba0.6
FAO0.1+LS0.7
FA0.2+LS0.6
FA0.1+DMO0.7
FA0.2+DMO0.6
FA0.3+DMO0.5

Types of Asphalt Mastic

Fig-6. Comparison of /nr at 3.2 kPa~! of Asphalt Mastics contain FA and other inert fillers

All the mastics met the extremely heavy traffic criteria based on AASHTO M 332 specification.
Overall, SBS and 0.1% Zycotherm modified mastics prepared with active filler (HL, FA) and inert
filler LS had a lower range of Jnr value which implied better rutting performance.

Stress Sensitivity

Analysis of Stress Sensitivity of Asphalt Mastics Contain HL and other Inert Fillers

Fig.-7 compares the stress sensitivity of all the asphalt mastic with different proportion of HL and
other inert filler. All the mastics were more stress sensitive than the neat aged binder according
to the previous method of stress sensitivity. All the HL+Ba and HL+LS mastics passed the stress
sensitivity criteria. However, all the HL+DM failed the stress-sensitive criteria, which suggested
that high temperatures or heavy loads excessively stress these mastics. Some mastics contain
only active (HL) or inertfiller (Ba) passed the stress sensitivity criteria. Combination of 10% HLand
70 %) LS had the lowest stress sensitivity compared to the other mastics.

Page 11 of 20



160
140 +
120 -
100 A
80 A
60 A
40 A
20 A

— — = Stress Sensitivity Criteria

Jnr Diff.

Ba0.8

LS0.8
DMO0.8

o
Aged Binder t

HLO0.1+Ba0.7

HL0.2+Ba0.6

HLo.3+Ba0.5 (N

HLO.1+LS0.7

HL0.2+LS0.6

HLo.3+Ls0.5 [N
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Types of Asphalt Mastic

Fig-7. Comparison of Stress Sensitivity of Asphalt Mastics contain HL and other inert fillers

Analysis of Stress Sensitivity of Asphalt Mastics Contain FA and other Inert Fillers

Fig.-8 compares the stress sensitivity of all the asphalt mastic with different proportion of FA and
other inert filler. FA mastics were more stress sensitive than HL mastics. This could be explained
by the higher Jn value of FA mastics compared to HL mastics. All the FA+Ba mastics failed the
stress sensitivity criteria whereas all HL+Ba passed the stress sensitivity criteria. all the FA+DM ,
revealing that high temperatures or large loads severely stress these binders since they failed the
stress sensitivity criteria. The stress sensitivity criteria were met by all other mastics containing
FA+LS. Combination of 30% FA and 50 % LS had the lowest stress sensitivity compared to the
other mastics.

140

— = =Stress Sensitivity Criteria

120

100
80 -

60 -

Jnr Diff.

40 +

20 1

0 ' T T T T T T T

Aged Binder
FAO0.8
FA0.1+Ba0.7
FA0.2+Ba0.6
FAO0.3+Ba0.5
Ba0.8
A0.1+LS0.7
A0.2+L.S0.6
Fao3+Lso.s [
LS0.8
FA0.1+DMO0.7
FA0.2+DMO0.6
FA0.3+DMO.5 [
:
DMO0.8

L L .
Types of Asphalt Mastic

Fig-8.Comparison of Stress Sensitivity of Asphalt Mastics contain HL and other inert fillers.
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Modified Stress Sensitivity

Analysis of Modified Stress Sensitivity of Asphalt Mastics Contain HL and other Inert Fillers

The comparison of the modified stress sensitivity asphalt mastic with varying proportions of HL
other inert filler is shown in Fig.-9. All the mastics passed the modified stress sensitivity criteria,
whereas LS0.8, DM0.8 and all the HL+DM failed to pass the previous stress sensitivity criteria.
The newly proposed stress sensitivity technique indicated that all HL+LS mastics, HL0.8 and
HLO.1+Ba0.7 had a lower stress sensitivity than the neat aged binder. All HL mastics containing
Zycotherm were less stress sensitive than other mastics. Like the previous method, combination
of 10% HLand 70 %) LS had the lowest stress sensitivity compared to the other mastics.
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Fig-9. Comparison of Modified Stress Sensitivity of Asphalt Mastics contain HL and other inert
fillers

Analysis of Modified Stress Sensitivity of Asphalt Mastics Contain FA and other Inert Fillers
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Fig-10. Comparison of Modified Stress Sensitivity of Asphalt Mastics contain FA and other inert
fillers
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Fig-10 illustrates a comparison of the asphalt mastic with different proportion of FA and other inert
filler. All the mastics passed the modified stress sensitivity criteria, whereas most mastics failed
to pass the previous stress sensitivity criteria. All mastics had higher stress sensitivity than the
aged binder, according to the modified method of stress sensitivity analysis.

Polymer Method and MSCR Grade

Analysis of Polymer Method of Asphalt Mastics Contain HL and other Inert Fillers

Polymer modification curves of asphalt mastic with different proportion of HL and other inert filler
are shown in Fig.-11.
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Fig-11. Polymer Method MSCR curve of Asphalt Mastics contain HL and other inert fillers

Addition of fillers enhanced the elastic behavior of the mastics. Most of the asphalt mastics (9 out
of 13) passed the polymer modification criteria and clustered above the line. According to asphalt
institute guidelines, the modification was done within an acceptable range for these mastics, and
these mastics showed an excellent recovery performance. All the HL+LS and HL+Ba showed an
excellent recovery. All the HL+DM failed to pass the polymer modification criteria and clustered
under the line and showed poor recovery performance. This implied that the modification was not
done within an acceptable range. Combination of 10% HLand 70 % LS had the highest %R
compared to the other mastics., thus excelling in elastic recovery. All the mastics could be graded
according to MSCR grading as the Jnr value was less than 4.5 kPa-1.

Analysis of Polymer method of Asphalt Mastics Contain FA and other Inert Fillers

Fig.-12 displays the polymer modification curves for asphalt mastic with different proportion of FA
and other inert filler. All the proportions of FA+LS and FA+BA passed the polymer modification
criterion and clustered over the line. Therefore, the modification was carried out within a range
suitable for these mastics, and they exhibited outstanding recovery capabilities. However, all the
FA+DM congregated beneath the line and performed poorly after recovery. This suggested that
the modification was not made within an acceptable range. Given that the J. value was less than
4.5 kPal, all the mastics of FA and other inert filler may be graded according to MSCR
grading. Combination of 30% FA and 50 % LS had the highest %R compared to the other
mastics. A summary of all the performance parameters considered for this study is given below
in (Table 2).
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Fig-12. Polymer Modification curve of Asphalt Mastics contain FA and other inert fillers

Table 2. Summary of MSCR Test Parameters

Anti- Meet Meet %Recovery MSCR
No  strippin Active Inert Modifier Stress Modified (Meets GRADE
A9 Filler  Filler Sensitivity ~Stress AASTHO T  AASHTO
9 Criteria  Sensitivity  350) M 332
1 QO™ i0g  NIA SBS4% Yes Yes Yes S
2 ZYOOMEM hio1 Lso7 sBS4% Yes Yes Yes e
3 OO o2 LS06 SBS4% Yes Yes Yes e
4 gyl‘i,ztherm HLO3  LSO.5 SBS4% Yes Yes Yes EgE-zs
5 gyl‘i,ztherm N/A LS0.8 SBS4% No Yes Yes EgE-zs
6 gyl‘i,ztherm HLO.1  Ba0.7 SBS4% Yes Yes Yes EgE-zs
7 OOMOM hio2  Baos SBS4% Yes Yes Yes P o
g JYOOMC™M 03 Ba0s SBS4% Yes Yes Yes P %
o ZONEM wA Baos SBS4% Yes Yes Yes P %
10 gﬁztherm HLO.L  DM0.7 SBS4% No Yes No ;86 S8E-
11 gﬁztherm HL0O.2  DM0.6 SBS4% No Yes No ;86 S8E-
12 gﬁztherm HL0O.3  DMO05 SBS4% No Yes No gg S8E-
Zycotherm 0 PG
13 0.1% N/A DM0.8 SBS 4% No Yes No 58E-28
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14

15

16

17

18

19

20

21

22

23

g}llizthefm FA0.8  N/A  SBS4% No Yes No E8GE-28
g}’lcoztherm FAO.L  LS0.7 SBS4% Yes Yes Yes o-28
g}’lcoztherm FAO.2  LS0.6 SBS4% Yes Yes Yes ESE—ZS
g}’lcoztherm FA0.3  LS0.5 SBS4% Yes Yes Yes ESE—ZS
g_y{%itherm FAO.L  Ba0.7 SBS4% No Yes Yes E8GE-28
g_y{%itherm FAO.2  Ba0.6 SBS4% No Yes Yes gg e
S_yl‘éitherm FA0.3  Ba0.5 SBS4% No Yes Yes gg e
g.yli‘/’otherm FAO.L  DM0.7 SBS4% No Yes No gé; .
?ﬁgtherm FA0O2  DM0.6 SBS4% No Yes No ;;3 e
g}’l‘;ztherm FAO.3  DM05 SBS4% No Yes No %

CONCLUSIONS

The following conclusions can be drawn based on the experimental results collected from the
mastic and mixture level analysis of different parameters.

A combination of active filler HL and inert filler LS improved the mastics' rutting resistance
compared to those prepared with only active or inert filler by decreasing the Jn value.10%
HL+70% LS had a lower J, value than other mastics. Whereas, for the mastics prepared
with the combination of FA and other inert fillers, only 30%Fa+50%LS showed better
performance than that prepared with only inert filler Ba..

The modified method of stress sensitivity analysis showed that all the mastic passed the
stress sensitivity criteria, which implied these binders can perform well in high
temperatures or heavy loads. However, some mastics failed the previous method of stress
sensitivity. All the mastics prepared with the combination of HL+LS and HL+Ba had less
stress sensitivity than the aged binder, according to the modified method of stress
sensitivity.

From the polymer modification curve, all the mastics can be graded according to MSCR
grading as the J, value is less than 4.5 kPa-1 for all the mastics. In the case of elastomeric
performance, the mastics prepared with the combination of HL and other inert fillers (LS,
Ba, DM) outperformed the mastics prepared with the combination of FA and other inert
fillers. 10% HL+70% LS had better recovery performance compared to the other mastics.

RESEARCH APPLICATION AND RECOMMENDATION

This study used SBS and Zycotherm to modify the binder, Two active fillers (HL and FA) and
three inert fillers (LS, Ba, DM) were combined separately in three different proportions and mixed
with the modified binder to fabricate the mastics. RTFO conditioning was employed to evaluate
these short-term aged asphalt mastics' creep recovery performance in mastic levels. The
combination of active filler HL(10%) and inert filler LS(70%) performed better than other mastics.
This mastic passed Extremely Heavy traffic loading criteria based on AASHTO M 332, modified
stress sensitivity criteria, and polymer modification curve. So, this mastic(10%HL+70%LS) is
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suggested to use in the asphalt mixture instead of using only active, inert, or other combinations
of fillers to prepare the mastics to minimize the moisture susceptibility and to strengthen the
adhesion of binder with aggregate. The performance of the mastics depends on the mixing
procedure. A mechanical or electrical mixer would produce a more homogenous mixture than a
magnetic stirrer. Long-term aging, the low-temperature performance of the mixtures, and the
chemical characterization of these mastics can also be considered for future analysis. The
chemical interaction of active and inert filler in mastic scales and mixture levels can also be
evaluated.The following summarizes the application of this experimental work and
recommendations for future study.
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