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Abstract: Lignin fibers typically influence the mixture performance of stone matrix asphalt (SMA),
such as strength, stability, durability, noise level, rutting resistance, fatigue life, and water
sensitivity. However, limited studies were conducted to analyze the influence of fibers on the
percent voids in mineral aggregate in bituminous mixture (VMA) during the mixture design. This
study analyzed the effect of different fibers and fiber contents on the VMA in SMA mixture design.
A surface-dry condition method test and Marshall Stability test were applied on the SMA mixture
with four different fibers (i.e., flocculent lignin fiber, mineral fiber, polyester fiber, blended fiber).
The test results indicated that the bulk specific gravity of SMA mixtures and asphalt saturation
decreased with the increasing fiber content, whilst the percent air voids in bituminous mixtures
(VV), Marshall Stability and VMA increased. Mineral fiber had the most obvious impact on the
bulk specific gravity of bituminous mixtures, while flocculent lignin fiber had a minimal impact.
The mixture with mineral fiber and polyester fiber had significant effects on the volumetric
properties, and, consequently, exhibited better VMA over the conventional SMA mixture with
lignin fiber. Modified fiber content range was also provided, which will widen the utilization of
mineral fiber and polyester fiber in the applications of SMA mixtures. The mixture evaluation
suggested no statistically significant difference between lignin fiber and polyester fiber on the
stability. The mineral fiber required a much larger fiber content to improve the mixture
performance than other fibers. Overall, the results can be a reference to guide SMA mixture design.

Keywords: stone matrix asphalt; volume parameters; Marshall Stability; flocculent lignin fiber;
polyester fiber; mineral fiber; fiber content

1. Introduction

Stone matrix asphalt (SMA) is a hot asphalt mixture in which coarse aggregate interlocks to
form a stone skeleton that resists permanent deformation. SMA was first used in Europe as a
mixture that would resist the wear of studded tires. Then it was used successfully in the United
States in 1990, and is now widely used in China. The advantages of SMA include high resistance to
rutting, excellent low-temperature performance, improved macrotexture, long service life, low tire
noise, less water spray from tires, and weak light reflection on rainy nights [1-3]. However, the
coarse texture of an SMA mixture may result in more internal air voids that are related to
performance degradation, even when the volume of air voids is the same as that of common asphalt
mixtures [4]. The coarse surface texture makes it more difficult to differentiate between mixture air
voids and surface texture.

Fiber additive is important for SMA due to its oil absorptive characteristics. A certain quantity
of fiber should be added into the SMA mixture in order to prevent asphalt from flowing out due to
the high asphalt content. The outflow of the asphalt can result in fat spots on the pavement surface
[5]. The mineral skeleton of coarse aggregate supplies the mixture with a strong particle interlock
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increasing the mixture resistance, and the mastic supplies the mixture with better durability. Since
the fiber occupies some space, the gap between aggregates will be increased if it blocks the contact of
the aggregates, and then the mixture performance will be reduced through the influence of
volumetric parameters. The volumetric parameters are the direct controlling indicators in the design
and preparation of the SMA mixtures.

In the early stage of hot-mix-asphalt (HMA) mix design, percent voids in mineral aggregate in
bituminous mixtures (VMA) were determined and maintained throughout the mix-design
procedure. VMA includes the air voids and the volume occupied by the effective asphalt content.
This volumetric property is correlated to mechanical properties [6-8], e.g., small percent air voids in
bituminous mixtures (VV) will cause bleeding and high VV may lead to water damage or instability
in asphalt pavement. In addition to the size gradation, VMA is one of the most important HMA
design criteria to obtain durable pavement, and it significantly affects the permanent deformation
and fatigue performance of a compacted mix [9,10]. The use of VMA criteria for mix design is a
time-honored and fairly successful tool. The VMA requirements for HMA mixtures were initially
developed in the 1950s and were considered one of the most important volumetric parameters for
HMA and SMA mixtures [11,12]. Then other influence factors of VMA, such as aggregate factors and
volumetric basis, were pointed out, and VMA specifications were strongly emphasized during the
process of asphalt mixture design and analysis [12-15].

In order to determine VMA, the bulk density, percent air voids in bituminous mixtures (VV),
and percent voids in mineral aggregate that are filled with asphalt in bituminous mixtures (VFA)
have to be obtained first because they are critical parameters to obtain proper VMA in design and
practice. Studies have reported the difficulty of meeting the minimum VMA requirement in an
efficient manner [10,16,17]. It indicated that the minimum VMA should be based on the minimum
asphalt film thickness rather than the minimum asphalt content [18]. Although both Bailey’s method
and the NCHRP 9-33 manual have provided suggestions for adjusting the mix design to achieve the
target VMA, the determination of VMA still requires a large amount of experimental testing [15,19].
As another point of view, VMA was to incorporate at least the minimum permissible asphalt content
into the mixture to ensure its durability. VMA and the shape of aggregate particles influence
workability, shear resistance, fatigue, and durability of the mixture [20-24].

The most commonly adopted fibers in SMA mixtures are lignin fibers. The success in SMA
mixtures spurred the adoption of the fiber for many major highway projects. Then, lignin fiber, glass
fiber, and mineral fiber have been studied in asphalt mixtures [25,26]. From then on, other types of
fibers, such as carpet fiber, polyester fiber, waste tires, cellulose oil palm fiber, waste glass fiber, and
coconut fiber, were used to study the service properties of the HMA mixture and SMA mixture [26—
30]. The studies focused on the mixture to obtain a better performance, such as strength, stability,
durability, reduction of noise, rutting resistance, fatigue life, and water sensitivity. However, fiber
types may influence oil absorption and fiber content will affect the VV. Then it can affect the VMA
directly. Limited studies were conducted to analyze the influence of fibers on the VMA during the
mixture design.

Therefore, this study investigated the effects of four different fibers on the mixture volume
parameter during the SMA mixture design, with the goal of identifying the adaptability of polyester
fiber and mineral fiber for satisfactory binder performance. The mineral fiber has a similar density
with aggregates and smaller oil absorption and specific surface area, which means it cannot absorb
much asphalt binder to fill the mineral outside space, and is less sensitive to the content change.
Polyester fiber has better asphalt absorption and higher ductility; therefore, it can form much
more space in the SMA mixture [31]. High content of polyester fiber means low asphalt content,
which potentially reduces the adhesion between the aggregate and asphalt binder.

Empirical binder tests were conducted to identify volume parameters and appropriate contents
of different fibers. The bulk specific gravity of bituminous mixtures, VV, VFA, and VMA, were
studied with a surface-dry condition method test. Then, the Marshall Stability of the SMA mixtures
with optimized mixing procedures was evaluated to check the effect of the fibers on the mechanical
performance. The flocculent lignin fiber was used as a control fiber. The suggested fiber content of
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this study for different fibers could provide better performance of the SMA mixture. The results
provide effective references for the SMA mixture design.

2. Materials and Methods
2.1. Materials

2.1.1. Asphalt Binder

A modified asphalt binder, i.e., styrene-butadiene-styrene (SBS) (I-C), which has been regularly
used in pavement engineering, was selected in this study. Table 1 shows the measured technical
indicators of the SBS asphalt binder. Basic binder tests, such as the penetration, softening point, and
ductility were conducted to evaluate the fundamental characteristics of SBS asphalt binder which
may influence the SMA mixture.

The asphalt penetration test is used to evaluate the asphalt’s soft and hard levels and its shear
resistance. The test reflects the asphalt’s relative viscosity. The softening point test is used to
determine the temperature at which the asphalt becomes soft and achieves a certain viscosity.
Ductility is mainly about deformability of asphalt and indirectly reflects low-temperature
anti-cracking property. It is an important index that can be used to evaluate asphalt plasticity such
that the larger the ductility value, the better plasticity of the asphalt. All of these are part of the basic
performance index to evaluate the asphalt binder.

Table 1. Technical indicators of the asphalt binder.

Test Properties Unit Test Results Spec1.f1cat10n
Requirements
Penetration (25 °C, 100 g, 5 s) 0.1 mm 71.7 60~80
Softening point °C 97 >55
Ductility (5 °C, 5 cm/min) cm 33.4 230
Penetration index - 0.21 >-0.4
Density (15 °C, g/cm?) - 1.032 -
Viscosity (135 °C) Pa-s 1.83 <3
Flash point °C 328 =230
Solubility (Trichloroethylene) % 99.37 >99
Segregation, 48 h D-value of Softening point °C 21 2.5
Elastic recovery (25 °C) % 98 >65
Mass change % 0.006 <#1.0
Short-term oven aging, Penetration ratio, o
163 °C, 75 min 25°C & 764 260
Ductility, 5 °C cm 29.3 220

2.1.2. Aggregate

The diabase gravel and the limestone sand were chosen as coarse aggregate and fine aggregate

in this study. Some important technical indicators are listed in Tables 2 and 3, respectively. To create
a better adhesion between the aggregate and the asphalt binder during the mixing procedure, the
aggregates were first cleaned and then dried well. The required amounts of aggregates and fillers
were placed into an oven at 105 °C for 5 h, and then the temperature rose to 180 °C for mixing.
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Table 2. Technical indicators of coarse aggregate.
. . Specification
Test Properties Unit  Test Results .
Requirements
Apparent relative density - 2.927 >2.60
Crushing value % 8.3 <26
Sturdiness % 9.8 <12
LA abrasion value % 10.2 <28
Water absorption % 0.48 <2.0
Adhesion with asphalt Grade 5 5
<0.075 mm Grain content % 0.3 <1
Soft stone content % 1.1 <3
Mixture % 6.2 <15
1 1 icl
Needle ail(;in};ei‘ie particle 9.5 mm o 53 <12
<9.5 mm % 9.3 <18
Table 3. Technical indicators of fine aggregate.
Test Properties Unit Test Results Specification Requirements
Sturdiness (>0.3 mm) % 14 >12
Apparent relative density - 2.745 >2.50
Methylene blue value (g/Kg) % 10.6 <25
Angularity (flow time) S 43.1 230

2.1.3. Mineral Filler
The mineral filler was produced by limestone. Some important technical indicators of mineral

filler were shown in Table 4.

Table 4. Technical indicators of mineral filler.

Test Properties Unit Test Results Specification Requirements
Apparent density t/m3 2.726 >2.50
Hydrophilic coefficient - 0.7 <1
Plasticity index % 2.3 <4
Water content %o - <1.0

2.1.4. Fiber

Four different fibers, i.e., flocculent lignin fiber, mineral fiber, polyester fiber, and blended fiber,
were selected in order to analyze the effect on VMA at different fiber contents. The blended fiber was
made up of flocculent lignin fiber and polyester fiber with mass ratio of 2:1. Some important
technical indicators of these fibers are listed in Table 5.

Table 5. Technical indicators of different fibers.

Test Properties Unit Flocculent Polyester Mineral
Lignin Fiber Fiber Fiber
Relative density g/cmd 1.813 1.390 2.720
Length mm 5 6 4
Thickness mm 0.047 - -
Diameter pum - 20 5
Ash content (by weight) % 16 - 8.8
PH value - 6.9 - -
Water content rate (by weight) % 3 2.43 -

Qil absorption rate times 6.5 4.1 -
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Melting points °C - 260 >1000
Tensile strength MPa - 570 935

2.2. Test Methods

2.2.1. Mixing Proportion Determination

A typical SMA mixture, i.e,, SMA-13 with a nominal maximum aggregate size of 13.2 mm,
which has been regularly used in asphalt pavement construction, was selected to study volumetric
parameters and mixture stability. Table 6 and Figure 1 show the gradation of the SMA-13. As an
additive, the fiber was added to make mixture specimens.

Table 6. Gradation of SMA-13 asphalt mixture.

Mesh Size (mm/%)
16.0 132 95 475 236 118 0.6 0.3 0.15 0.075

Composite  Percentage

9.5~16 mm 44% 100 851 123 040 040 040 040 040 040 040
4.75~9.5 mm 33% 100 100 979 86 05 050 050 050 050 0.50
0~2.36 mm 13% 100 100 100 100 92,6 620 361 199 136 99
Mineral filler 10% 100 100 100 100 100 100 100 993 954 853

100

80

60

40 . .
-~ —a— Composite gradation

—e— Intermediate value
—4A— Upper limit in specification
—v— Lower limit in specification

Passage rate (%)

204

Mesh size (mm)

Figure 1. Gradation of the SMA-13 mixture.

Using the materials and the aggregate gradation described above, the SMA mixtures with
different fibers and 0.3% content (by the weight of total mix) was prepared for laboratory testing.
The optimal asphalt aggregate ratio of SMA mixtures with different fibers shown in Table 7 were
determined according to the Marshall mixture design method of the Chinese technical specification
for construction of highway asphalt pavements (JTG F40-2004).

Table 7. Asphalt aggregate ratio of SMA mixtures with different fibers.

. . Flocculent Lignin Mineral Polyester Blended
Different Fibers Fiber Fiber Fiber Fiber
Asphalt aggregate ratio (%) 5.9 5.5 5.7 5.9

2.2.2. SMA Sample Preparation

In this study, SMA specimens were prepared using the compaction method. The dimensions
were 101.6 mm x 63.5 mm. According to the standard requirement and field construction experience,
the fiber content (by the weight of the total mix) used in the SMA mixture was selected, which was
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0.1%, 0.2%, 0.3%, 0.4%, 0.5%, and 0.6%, respectively. The fiber types and contents are shown in Table

8.
Table 8. Different fiber types and fiber content in SMA mixtures.
Type Flocculent Lignin Fiber Mineral Fiber
Content (%) 0.1 02 0.3 0.4 05 0.1 0.2 0.3 0.4 0.5 0.6
Type Blended fiber Polyester fiber
Content (%) 0.1 0.2 0.3 0.4 0.5 0.1 0.2 0.3 0.4 0.5 -

The density was determined with the surface-dry condition method (T0705-2011/]TG E20-2011),
which was very similar to ASTM D2726-14. There were mainly two differences. First, ASTM
D2726-14 explained if the temperature of the specimen differs from the temperature of the water
bath by more than 2 °C (3.6 °F), the specimen should be immersed in the water bath for 10 to 15 min;
instead of 3 to 5 min. The immersed time in the water bath was only 3 to 5 min in the T0705-2011.
Secondly, ASTM D2726-14 required, after determining the mass in water and in a saturated-surface
dry condition, thoroughly drying the specimen to a constant mass at 110 + 5 °C (230 + 9°F). While it
only required making the specimens thoroughly dry, it did not illustrate the temperature in the
T0705-2011.

The loose fibers (by the weight of total mix) were first blended with the hot aggregates to
prevent the asphalt binder from draining during the mixing procedure. The heated asphalt binder
was added after mixing 1 to 1.5 min. Then the heated filler was added until all of the aggregate was
completely covered. The total mixing time was 3 min. During the mixing process, the temperature
was kept between 170 °C and 180 °C. Finally, the Marshall specimens were made with dimensions of
101.6 mm x 63.5 mm using the compaction method. For note, the final temperature was greater than
145 °C.

2.2.3. Marshall Stability and Flow Tests

The Marshall stability and flow tests were conducted to evaluate the resistance of asphalt
mixtures to distortion, displacement, rutting, and shearing stresses. The stability test measures the
maximum load sustained by the specimen at a loading rate of 50.8 mm/min. Basically, the applied
testing load increases until the specimen splits into two pieces, then the loading is finished and the
maximum load is recorded as the Marshall Stability.

3. Results and Discussion

3.1. Effect of Fiber on Bulk Specific Gravity, VV, and VFA

Figure 2 displayed the bulk specific gravity of SMA mixtures with different fibers and fiber
contents. The data show an inverse correlation between bulk specific gravity of SMA mixtures and
fiber content for fiber types. The SMA mixture with mineral fiber had the largest bulk specific
gravity values, followed by the mixture with polyester fiber. The mixture with flocculent lignin fiber
had the smallest values. All of the bulk specific gravity values were between 2.465 and 2.523. The
bulk specific gravity of SMA mixtures with polyester fiber and blended fiber decreased with fiber
content increasing from 0.1% to 0.4%, and then it maintained a slight decrease with fiber content
from 0.4% to 0.5%. The mixture with mineral fiber had a similar variety, with the only difference
being the relatively smaller reduction in fiber content from 0.5% to 0.6%.

These results indicated that it was not necessarily true that the larger bulk specific gravity of the
SMA mixture results from a higher fiber content. The higher fiber content results in lower bulk
specific gravity. In terms of the four different fibers, the mineral fiber has a density very close to that
of the aggregate, and it was much easier to combine with the asphalt binder than other fibers. Under
the same compaction effort, the SMA mixture with mineral fiber can reach a larger dry mass per unit
volume. Therefore, it appeared to have a larger bulk specific gravity value.
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Figure 2. Bulk specific gravity of SMA mixtures with four different fibers.

Figure 3 displayed the percent air voids in SMA mixtures with different fibers and fiber
contents. The data showed a positive correlation between VV and fiber content. Higher fiber content
resulted in better asphalt absorption and adsorption in the SMA mixture. The measured VV values
of different fiber types and contents were between 2.9% to 4.4%.

It was found from the results that the polyester fiber had an important impact on the VV values
when the content was up to 0.2%. It indicated that polyester fiber prevented the aggregates
contacting each other and formed much more space in the mixture due to its higher ductility. The
VV with polyester fiber, flocculent lignin fiber, and blended fiber increased with the fiber content
increasing from 0.1% to 0.4%, and then it maintained a slight increase with the fiber content from
0.4% to 0.5%, and the increments of flocculent lignin fiber, polyester fiber, and blended fiber were
4.5%, 1.9%, and 4.9%, respectively. However, mineral fiber had little impact on VV values when the
content was less than 0.2% due to the negligible impact on the asphalt absorption. However, when
the content was more than 0.2%, mineral fiber began to show its effect on absorptive action and the
mixture’s adsorption, for which the VV showed a significant increase. At the same content, the
mixture with polyester fiber had the largest VV value.

In practice, the optimum fiber type and content should be selected to achieve satisfactory
performance of the SMA mixture in the production process. This study suggests that the minimum
content is above 0.3% for mineral fiber and above 0.2% for the other fibers. However, the specific
value may depend more on other factors, such as cost considerations, availability, and ease of field
construction application because of the difference between lab tests and field construction.

4.6 1
4.4
4.2 1
4.0
& 384
= ]
> 3.6
1 —a— Flocculent lignin fiber
344 —e— Polyester fiber
30 —a— Mineral fiber
] v— Blended fiber
3.0 ~
{1 o
2.8 1
T T T T T T
0.1 0.2 0.3 0.4 0.5 0.6

Fiber content (%)

Figure 3. Percent air voids in SMA mixtures with four different fiber types.
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Figure 4 showed the percentage of voids in mineral aggregate (VFA) that are filled with asphalt
in SMA mixtures with different fibers and fiber contents. The data from Figure 4 indicated that fiber
types and contents had an obvious impact on VFA, which decreased as fiber content increased. All
of the VFA values were between 73% and 82%. The percentage of voids in mineral aggregate that are
filled with asphalt in SMA mixtures with blended fiber, flocculent lignin fiber, and polyester fiber
decreased with the fiber content increasing from 0.1% to 0.4%, and then it maintained a slight
decrease with fiber content from 0.4% to 0.5%. When the additive was mineral fiber, it had similar
variety, with the only difference being the relatively smaller reduction in the content from 0.1% to
0.2% and 0.5% to 0.6%.

The content change of mineral fiber had a negligible impact on the VFA values due to its large
density and low oil absorption rate when the content was less than 0.2%. Then VFA showed a
significant decrease after the content was more than 0.2%. However, when the mineral fiber content
was up to 0.4%, it began to show its absorptive action and the mixture’s adsorption, which made the
VFA much smaller than that with polyester fiber. The three other fibers had obvious impacts on the
VFA value, and the SMA mixture with polyester fiber had a much smaller VFA than that with
blended fiber and flocculent lignin fiber.

The results indicated that the mineral fiber and polyester fiber had better asphalt absorption
and adsorption in the SMA mixture. To obtain the same VFA value, lower content is needed for
mineral fiber and polyester fiber. Therefore, the fiber selection should comprehensively consider
both absorptive action and the mixture’s adsorption. Higher contents of mineral fiber and polyester
fiber were not the best choice. Fiber with higher adsorption, but lower absorption, will improve the
SMA mixture volume index.

824

—=— Flocculent lignin fiber
—e— Polyester fiber

—a— Mineral fiber
—v— Blended fiber

80+

76 4

74

0.1 0.2 0.3 0.4 0.5 0.6
Fiber content (%)

Figure 4. VFA of SMA specimens with four different fiber types.

3.2. Effect of Fiber on Percent Voids in Mineral Aggregate in Bituminous Mixtures (VMA)

Figure 5 displayed the percent voids in mineral aggregate in SMA mixtures. The VMA
increased with fiber content increasing. The measured VMA values were between 15% and 18%. At
the same fiber content, the VMA value had the minimum gap between lignin fiber and blended
fiber. It was only 16.4% even when the mineral fiber content was up to 0.5%. The values were more
than 17.3% for the other fibers. This indicated that the mineral fiber had the minimum impact on
VMA. The same trend was found for Marshall Stability. Compared with the previous literature, the
mix designer was able to judge the proper VMA requirement for each kind of fiber.

The VMA with polyester fiber, flocculent lignin fiber and blended fiber increased with fiber
content increasing from 0.1% to 0.4%, and then the increment gradually reduced with fiber content
from 0.4% to 0.5%. However, the content change of mineral fiber had a negligible impact on VMA
when the content was less than 0.2%. The mixture with mineral fiber had a similar variety with the
only difference being the relatively lower VMA values with fiber contents from 0.2% to 0.6%. When
the content of flocculent lignin fiber, blend fiber, and polyester fiber was 0.3%, and mineral fiber
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content was 0.4%, the VMA values of SMA mixtures were 16.7%, 16.7%, 16.5%, and 16.1%,
respectively, which explained much more mineral fiber content was needed to achieve a target VMA
value in the SMA mixture design.

Furthermore, mineral fiber had a similar density with aggregate and smaller oil absorption and
smaller specific surface area; it cannot absorb much asphalt binder to fill the outside space of the
mineral fiber. Therefore, effective asphalt content was not sensitive to the content change. Therefore,
the SMA mixture with mineral fiber can obtain a lower VMA under the same compaction effort.
These test findings can be a reference and used to promote the use of fibers in SMA mixtures.

18.0
—=— Flocculent lignin fiber
17.54 —e— Polyester fiber
—a— Mineral fiber
17.0 4 —v— Blended fiber
S 1654
<
E 16.0
v
155
15.0

0.1 0.2 0.3 0.4 0.5 0.6
Fiber content (%)

Figure 5. VMA of SMA specimens with four different fiber types.

3.3. Effect of Fiber on Marshall Stability

Figure 6 displayed the Marshall Stability of SMA mixtures. It had the similar trend with VV. All
of the Marshall Stability values were between 7 and 14 kN. Compared with the previous literature,
this was larger than with cellulose oil palm fibers. The data from Figure 6 indicated that fiber types
and contents had evident correlations between fiber content and Marshall Stability, which increased
with fiber content increasing. When the fiber content was less than 0.3%, the SMA mixture with
polyester fiber showed better stability. When the fiber content was larger than 0.3%, the SMA
mixture with blended fiber showed better stability than that with the other three fibers.

The SMA mixture with the mineral fiber had the lowest Marshall Stability values within the
content ranges. The amount of polyester fiber was the smallest at the same Marshall Stability when
the fiber content was larger than 0.2%, followed by blended fiber, flocculent lignin fiber, and mineral
fiber. Meanwhile, the Marshall Stability of SMA mixtures with polyester fiber and flocculent lignin
fiber increased with the fiber content increasing from 0.1% to 0.3%. The Marshall Stability then
maintained a slight increase with the fiber content from 0.3% to 0.5%, and 0.4% to 0.6% for the
blended fiber and the mineral fiber.
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Figure 6. Marshall Stability of the SMA mixtures with four different fibers.

4. Conclusions

HMA and SMA are commonly used pavement materials which are composed of aggregates,
fillers, binders, and fibers. These loose materials are mixed together by controlling the volumetric
properties to obtain an optimum mechanical performance. Thus, the volumetric properties are the
direct indicators in design and construction practice. This paper analyzed the effects of four fibers on
the volumetric parameters and Marshall Stability (mechanical performance) of SMA mixtures. As a
control fiber, the flocculent lignin fiber was compared with the other three fibers.

This paper found that both the polyester fiber and mineral fiber had an obvious impact on VV,
VFA, VMA, and Marshall Stability of the SMA mixture compared to the regular flocculent lignin
fiber. The experiment data indicated that increasing the content of polyester fiber and mineral fiber
benefitted the mechanical performance of SMA mixtures, which potentially enlarged the fibers’
application range. This study suggests that the optimum fiber content is to be larger than 0.3% for
flocculent lignin fiber, blended fiber, and polyester fiber, and larger than 0.4% for mineral fiber.

When fiber content was up to 0.5%, the VMA of the sample with the mineral fiber and the
polyester fiber was both larger than 16.4%. However, it was more than 17.5% for lignin fiber and
blended fiber. Therefore, SMA mixtures with mineral fiber and polyester fiber will be better in heavy
traffic sections or hot areas with larger high-temperature stability. They can provide more options in
SMA mixture design, which indicates the significant potential for their application. Fiber with
higher adsorption, but lower absorption, is a better choice as a potential alternative for lignin fiber in
SMA mixture design and construction.

The study proved the adaptability of polyester fiber and mineral fiber in SMA mixture design
and provided proper content ranges of the fibers. However, other factors (e.g., cost, availability, and
ease of field construction application) should be considered in practice. The fiber type and fiber
content should be selected according to field construction experience. The results obtained from the
lab tests are a reference to bring convenience to field projects.

In the future, microstructure analysis will be the research emphasis. The dispersion and
dissolution of mineral fiber or polyester fiber in the asphalt binder will be characterized with
micro-analytical instruments. Then, the chemical reactions between polyester fiber and the asphalt
binder can be evaluated. Finally, the high-temperature stability and cracking performance
(load-induced, fatigue, top-down, etc.,) of SMA mixtures with mineral fiber and polyester fiber will
be evaluated in different areas. Through synthetic consideration of microscopic analysis and field
construction, the application range of mineral fiber and polyester fiber will be further expanded in
pavement industries and create economic benefits.
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