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Effect of rock gradation in Stone Matrix Asphalt using Coir

Fibre
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Stone Matrix Asphalt (SMA) was introduced to counter heavy traffic and loading
due to its better rut resistance. This study aims to determine the effect of rock
gradation on SMA, water susceptibility, tensile strength, and retained tensile
strength. The methods adopted for testing include the physical properties of rock
and bitumen, the Marshall Stability Test, and the Water Sensitivity Test. Coir fibre is
used in SMA to prevent draining as an alternative to cellulose fibre. The study
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shows that coir fibres satisfy the drain-down requirement for both 13 mm and 19
mm gradations, respectively. Laminate sedimentary rock aggregate used in SMA is
susceptible to water. A larger size of gradation has achieved higher retained tensile
strength, mainly due to the lesser degradation that develops in bituminous

concrete

Keywords: Coir fibre, rock gradation, stability, stone matrix asphalt, water
sensitivity

Introduction

The gradation of the particles determines the
stone matrix asphalt. Gradation enhances material
performance and the bonding capability of the mix.
Material gradatlon must improve the hardness of the
surface course.! It is critical to understand the
Nominal Maximum Aggregate Size (NMAS) since it
will affect performance and should be_chosen
depending on pavement requirements’ When
compared to smaller sizes over the same volume of
rock, larger aggregate sizes can withstand more
repetitive impact stress, have stronger strength due
to the individual thickness of the aggregate, and
have less water absorption due to the reduced
surface area. The existence of larger aggregate sizes
aids in the attainment of greater density and
strength.**

Stone Matrix Asphalt (SMA) is a feasible
technique that can be employed in India, partlcularly
for the high and growing traffic in India.> SMA
mixtures are composed of interlocked coarse
aggregate particles that transfer loads. The
combinations with stone-to-stone contact had
superior rutting properties.*’ Fibres increase the
adherence of aggregate stone to aggregate stone
and reduce the drain down of binders, resulting in a
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more durable product® The addition of fibre to
bituminous mixtures changes their properties by
increasing their stab|I|ty and flow value while
decreasing the air voids.>'® The choice of filler,
binder, and stabiliser had a maJor impact on the
asphalt's ability to drain away."" Variations in fibre
type and content can have a significant impact on
how well SMA ruts.'*"® Using coir as fibre offers a
significant level of stability for a non-traditional fibre
when taking into account all the features and
parameters of the SMA mix. When fibre content is
increased in stabilised mixtures, the stress-strain
curves shape changes more gradually, and brittle-
type failure does not appear to occur as in the case
of control mixtures. Coir fibre are affordable
option for SMA construction and can be employed
to efficiently increase SMA mix stability.'

Stone Matrix Asphalt (SMA) is a gap-graded
combination that depends on stone-to-stone
contact for strength and a thick mortar binder for
durability. Since aggregates make up between 70% -
80% of the whole mix; they play a crucial role in
giving SMA Mix strength. The right amount of coarse
aggregate in the mix generates a skeleton-like
structure that improves aggregate-to-aggregate
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interaction and increases shear strength and
rutting resistance, which is a key attribute for SMA.
The drain down of binder in Stone Matrix Asphalt
can result in the occurrence of fat spots on the
surface. Therefore, fibres are added to prevent the
drain down of the binder as well as to increase its
tensile strength as asphalt pavement can easily
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In the Marshall Stability Test, results have shown
that the larger size of aggregate has a higher result
as compared to the smaller size of aggregate, as
shown in Table 1. This could be justified by the
stone-to-stone contact of the coarse aggregate,
wherein as the coarse aggregate volume grows,
stone-to-stone contact is developed. This stone-to-

crack under traffic load and low-temperature stone skeleton structure increases the internal
environment. strength and therefore the load resistance is more.

Materials and Methods Meanwhile, the Indirect Tensile test has given a

lower value with a larger particle size that may be

Aggregate samples were taken from due to weak bonding between the binder and the

Hlimen Quarry. Bitumen of VG-30 is used as per
the specification of IRC SP 079. The selected
stabilizer i.e., coir fibres were cut into small pieces
of about 3 mm. Bitumen, coarse aggregate, and
fine aggregate are the components of the
bituminous mixes.

The physical properties of rock tests such
as The Aggregate Impact Value (AlV), Los Angeles
Abrasion Value (LAAV), Specific Gravity (SG), Water
Absorption (WA), and bitumen and asphalt
concrete test such as ductility, penetration,
softening point, Marshall Stability Value and Water
Sensitivity test were used to evaluate the influence
of rock gradation on SMA, water susceptibility, and

aggregates when the tensile load is applied.

Influence of water in SMA using water sensitivity
analysis
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tensile strength and retained tensile strength. TSR% oy o, 18
PreparatiOnS of SMA grade | & Il for Marshall = 13mm NMAS 30.50 611.83 187.17
Stability and Tensile strength were done as per = 19mm NMAS 41.86 429.06 179.62
MoRT&H'" and ASSHTO T 283",
Figure 1: Indirect Tensile Test
Results
There is a significant reduction in tensile

Effect of Gradation of SMA

The tests carried out for both grades show that
the 19 mm grade shows better performance in
terms of stability and retaining tensile strength.
However, in 19 mm gradation, the gap produced is
larger than in 13 mm gradation, and as a result, the
drain-down of asphalt is slightly higher than that of

strength for both grades after the SMA sample
undergoes the freeze-thaw cycle. The reduction in
strength is mainly due to the high-water absorption
of aggregate as well as the presence of small
sequences in rock aggregate. The retained tensile
strength values in 19 mm and 13 mm are 41.86%
and 30.59%, respectively. The larger gradation has
achieved higher retention strength as the

13 mm but is kept within the specification. aggregate degrades less when wheel load is
applied, as shown in Figure 1.
Table 1: Marshall Stability Test on SMA

SMA 13 ) % Gb Gt Vv Vb VMA VFB Stability in Flow
mm binder Kg mm
S1 6.50 233 | 243 3.90 14.87 18.77 79.23 737 4
S2 6.50 233 | 243 4.03 14.85 18.88 78.65 642 5
S3 6.50 2.34 2.43 3.66 14.91 18.56 80.30 655 6

Average 6.50 233 | 243 3.86 14.87 18.74 79.40 678 5

SMATS 1 e | Gt Vv vb | vMa | VvFB Stabli(lgy | Flow
S1 6.50 2.26 2.43 6.72 14.43 21.16 68.22 874 6
S2 6.50 2.32 2.43 4.43 14.79 19.22 76.95 969 5
S3 6.50 217 | 243 10.82 13.80 24.62 56.04 683

Average 6.50 225 | 243 7.32 14.34 21.66 67.07 842 5.67
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The SMA is susceptible to water as the
retained tensile strength value is less than the
prescribed value of 85% as per IRC SP-079' due
to the presence of highly degradable of rock
used.

Discussion

A larger gradation of aggregates produces
more stability due to the development of stone-
to-stone contact, which increases the internal
strength of the SMA mixture. Both SMA
gradations satisfied the drain-down requirements
and indicate that coir fibre can be used as an
alternative to cellulose fibre to prevent drain-
down.

A bituminous concrete with a finer gradation
(13 mm NMAS) provides better tensile strength
over a coarser gradation (19 mm NMAS), as the
bituminous mix can be packed more densely due
to the finer aggregate particles. Meanwhile, a
larger size of gradation (i.e., 19 mm max. nominal
size) has achieved higher retained tensile strength
compared to a 13 mm gradation, mainly due to
the less degradation that develops in a
bituminous structure.

The reduction of tensile strength after an
SMA sample undergoes the freeze and thaw cycle
(weathering action) both in 19 mm and 13 mm
gradations is mainly due to the high-water
absorption of aggregate as well as the presence
of a small sequence of rock layers.

The performance of laminate sedimentary
aggregate cannot achieve the minimum retained
tensile strength value, mainly due to the low
resistivity of weathering action. This indicates that
the laminated sandstone aggregate used in the
SMA is susceptible to water and not
recommended for SMA.
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