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ABSTRACT
SMA, which is stone matrix asphalt, is a gap graded HMA which is used to maximise rutting resistance and durability in
heavy traffic conditions. The paper reviews about the various issues related to the construction of pavements using
SMA.Since the high coarse aggregate content forms a stone skeleton, it will improve the rutting performance. To assess
the rutting resistance of such gap graded mixes, so many tests are carried out. Tests are also carried out by selecting
various binders, different types of aggregates and also by various mixes. The effect of rutting resistance, fatigue
behaviour and modulus properties are studied. Modified binders are also used to assess the performance characteristics.
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INTRODUCTION
HMA is Hot Matrix Asphalt in which coarse aggregates, fine aggregates, filler and binder are mixed, placed
and compacted at very high temperature. Mixing is performed at temperature of about 150-1700C. Also
paving and compaction must be performed at temperature of about 130-1500C. So a high mixing and
compaction temperature is required throughout the construction process to maintain sufficient workability.
SMA, which is stone matrix asphalt, is a gap graded HMA to maximise rutting resistance and durability in
heavy traffic conditions. SMA has a high coarse aggregate content that interlocks to form a stone skeleton that
resists permanent deformation. Relatively higher amount of bitumen is used in such pavements to which fibres
are added to provide stability of bitumen and to prevent the drain down of binder. Typical SMA composition
consists of 70-80% coarse aggregates, 8-12% filler, 6-7% binder and 0.3% fibre. Mixing and paving methods
are similar to HMA. The paper reviews about the various issues related to the construction of pavements using
SMA.

REVIEW
Paredes, et al. [1]conducted a laboratory study by introducingfiber in SMA mixtures to prevent binder
drainage which complicates work in the mixing plants and generates additional costs. It is therefore interesting
to define techniques in order to dispensewith the fiber without taking further risks concerning binder drainage
during construction or plasticdeformation during the service life of pavements. SMA mixtures were prepared
with two types of binders.The study results show that both bituminous mixtures SMA with fibers and
PMBwithout fibers-successfully fulfilled the water sensitivity tests, binder drainage and resistance to
permanent deformation.

Xie, et al. [2]studied the performance properties of rubberised stone matrix asphalt produced through different
processes. The study investigated the dynamic modulus, rutting resistance, moisture susceptibility and fatigue
resistanceof rubberized Stone Matrix Asphalt through laboratory performance tests. Rubberized SMA mixes
were produced by three processes: the dry process, the wet process and the terminal in the laboratory. For
comparison purposes, SMA mixtures containing styrene–butadiene–styrene modified binder and virgin
asphalt were also evaluated and compared to rubberized SMA. Dynamic modulus and direct tension fatigue
tests were performed and also the rutting resistance and moisture susceptibility tests were conducted. The
results showed thatthe incorporation of rubber improved the high temperature dynamic modulus, the
resistance to rutting and fatigue life of SMA mixes but no significant influence on themoisture susceptibility
and fatigue life.



589 Bindhu Bernard

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386

Volume 4, Issue 12
December 2017

Woodward et al. [3] summarized the laboratory investigation into the wear of Stone Matrix Asphalt road
surfacingmaterial. Review of harmonized European test methods found no specific wear test and this is an
important knowledge gap relating to laboratory prediction.

The UK Wear Test using the Road Test Machine was applied to assess SMA test specimens.

The full size pneumatic tires were used to wear asphalt test specimens, under slow speed high stress
conditions. The study showed 14 mm and 10 mm SMA to behave in similar ways. Relationships between
variables for newly compacted test specimens quickly change with the onset of simulated trafficking. This
raised issues with laboratory investigations that do not involve some aspect of test specimen wear at their
interface. Contact area is a better property to measure than macrotexture. Poor relationships between contact
area and pendulum tester suggest that either something additional at the contact interface has to be measured
or there are limitations with the pendulum tester. More research is required to better understand wear at the
tire–asphalt interface and the measurement of propertiessuch as skid resistance, rolling resistance and noise
generation.

Liphardt, et al. [4]concluded that properties of hot mix asphalt with reclaimed asphalt pavement (RAP) mostly
depends on RAP properties, especially RAP binder.It is assumed that binder from RAP is usually stiffer than
virgin binder because of exploitation aging process. Use of RAP may cause stiffening of asphalt mix and
improvement of rutting resistance. Thestudyconducted in the area of wheel tracking tests of stone mastic
asphalt. Asphalt mixes were designed with six different content of RAP. Penetration and softening point of
binder mix was determined and binder replacement factor for asphalt mixes was calculated. Analyses of wheel
track tests with comparison to binder properties shown that increasing amount of modified binder from RPA
occurs in increasing rutting resistance of asphalt mixes.

Cao, et al. [5]compared the performance of three kinds of stone matrix asphalt mixtures using basalt and
limestone aggregates. The results indicated that SMA with basalt aggregates showed the best rutting
resistance, followed by SMA with limestone aggregates. However, in terms of low temperature performance
of resistance to cracking and moisture susceptibility, they have the reverse sequence. The aggregate type has a
significant effect on rutting resistance, but no significant difference in low temperature cracking susceptibility
or moisture susceptibility was found in SMA mixtures. Also, master curves of dynamic modulus for three
SMA mixtures were constructed and SMA with basalt aggregates showed the highest dynamic modulus at
each frequency.

Asi, [6]comparedthe performance of the normally used dense graded asphalt mixtures, named as control
mixtures, and SMA mixtures. Samples from both mixtures were fabricated at their optimum asphalt contents
that were 5.3% for control mixtures and 6.9% for SMA mixtures. Comparison performance tests that included
Marshall stability, loss of Marshall stability, split tensile strength, loss of split tensile strength, resilient
modulus, fatigue, and rutting testing were performed on both mixtures. Test results showed that although the
control mixtures have higher compressive and tensile strengths, SMA mixtures have higher durability and
resilience properties. In addition, although the research could not prove the superiority of SMA in rutting
resistance because of the limited sample sizes, field performance of SMA mixtures proves its superiority.
Therefore, especially in hot weather climates SMA mixtures are advantageous over dense graded mixtures.

Iskender,[7]investigated the rutting of basalt and basalt–limestone aggregate combinationsfor coarser and
finer SMA mixtures. The sensitivity of the wheel tracking test was also evaluated with different maximum
aggregate sizes and changes in gradation. The coarse aggregate in the mixture was basalt. Four different rock
combinations were designed with basalt and limestone aggregates for filler and fine fractions. Inaddition to
the gradation evaluation, the maximum aggregate size effects were studied with four gradations. Decreasing
the maximum aggregate size is at the utmost importance on rutting resistance, according to the gradation and
mineralogical factors of aggregate. It is believed that limestone aggregate can be used as filler and fine
fractions in SMA with basalt. This matter has great importance for shortage of basalt aggregate quarries and
management difficulties for these quarries. Rutting resistance of SMA mixture relatively decreased in the
incorporation of limestone aggregate in the SMA mixture gradation as fine or filler. This low-level rutting
difference can easily be observed with wheel tracking tests.



590 Bindhu Bernard

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386

Volume 4, Issue 12
December 2017

Sengul, et al. [8]conducted a study on the SBS polymer modified stone mastic asphalt pavement
performance.At the optimal bitumen content control and SBS SMA mixtures were evaluated with Marshall
Quotient approach, repeated creep test, indirect tensile strength test, and Wheel tracking tests. According to
the test results, SBS modified samples gave higher values than conventional control mixtures. Modified
samples gave higher indirect tensile strength than control ones. Repeated creep and wheel tracking test results
showed that SBS modified mixtures have lower rutting values than the conventional mixtures.

Behnood, et al. [9] studied the feasibility of utilizing steel slag aggregates in Stone Matrix Asphalt mixtures.
The results showed that the use of steel slag as the coarse portion of aggregates can enhance Marshall
stability, resilient modulus, tensile strength, resistance to moisture damage and resistance to the permanent
deformation of SMA mixtures.

Lavasani, et al. [10] evaluated resilient modulus and dynamic creep behaviour ofstone matrix asphalt and
continuous graded hot mixed asphalt versus various fiber contents in three levels of temperature with two
types of fillers. Generally, continuous graded mixtures presented better mechanical properties in both resilient
modulus and dynamic creep tests. Fibers have shown great effect not only on asphalt drain-down, but on
mechanical properties of samples. Considering the temperature effect, the higher the temperature is, the higher
fiber content is required to improve mechanical characteristics of asphalt concrete.

Judycki, [11] conducted a study on the stiffness modulus and indirect tensile strength characteristics of three
asphalt concrete and three stone mastic asphalt mixes after isothermal storage at temperature of Twenty
degree Celsius, at different time intervals up to 16 days. The tests under repeated dynamic loading showed
physical hardening of all tested mixes which was manifested by an evident increase of their stiffness moduli
after isothermal storage. Contrary to expectations, the tests on all mixes did not show any evident changes of
the indirect tensile strengths which after isothermal storage remained almost constant, withinnormal scatter
range. The differences in the physical hardening of asphalt concrete and stone mastic asphalt were found. At
the beginning of isothermal storage at Twenty degree Celsiusthe physical hardening was slower for the SMA.
After 5–16 days of storage the SMA showed greater physical hardening than the asphalt concrete. Two
measures which allowed the quantification of intensity of the physical hardening were introduced.

Kok, et al. [12] studied the effects of usingsasobit and SBS on the engineering properties of bitumen and stone
mastic asphalt. The properties of SBS-modified and Sasobit-modified binders and mixtures were evaluated for
their rheological andmechanical performances using different experimental techniques such as rheological
bitumen tests—i.e., dynamic shear rheometer, bending beam rheometer, and hot-mixture performance tests;
i.e., dynamic creep, fatigue, and toughness index tests. Sasobitimproves the effectiveness of SBS
modification, especially at medium to high temperatures, although it is not as flexible as SBS at
lowtemperatures. In some cases, SBS modification is more effective than Sasobit modification when used
alone. However, a better performance isachieved when 3% SBS plus 3% Sasobit is used when the two
modifiers are mixed in the same binder, especially in terms of fatigue performance.

Muniandy, et al. [13] conducted a study on the laboratory diameteral fatigue performance of stone matrix
asphalt with cellulose oil palm fiber. Stone Matrix Asphalt is a gap-graded mix that is gaining popularity
worldwide.Generally, gap graded mixes are thought to be weak in fatigue resistance. In this study, cellulose
fibers were pre-blended in PG64-22 binder with fiber proportions of 0.2%, 0.4%, 0.6%, 0.8% and 1.0% by
weight of aggregates. The fiber-modified binder showed improved rheological properties and showed that the
PG64-22 binder can be modified and raised to PG70-22 grade. The cellulose oil palm fiber was found to
improve the diameteral fatigue performance of SMA design mix. The fatigue life increased to a maximum at a
fiber content of about 0.6%. The tensile stress and stiffness also showed a similar trend in performance. The
initial strains of the mix were lowest at a fiber content of 0.6%.

Nejad, et al. [14] studied the fatigue behaviour of SMA and HMA mixtures.Fatigue crack is a main form of
structural damage in flexible pavements. Under the action of repeated

vehicular loading, deterioration of the asphalt concrete materials in pavements caused by the accumulation
and growth of the micro and macro cracks gradually takes place. The indirect tensile tests was carriedout on
hot mix asphalt HMA and stone matrix asphalt SMA mixtures comprising different nominal maximum
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aggregate sizes NMAS in three temperatures of 5, 25 and 40oC. Stiffness modulus, fatigue livesand fatigue
prediction equation of the mixtures were developed and characterized in terms of aggregategradation type,
coarseness and fineness of gradation, temperature and asphalt content.

CONCLUSION
A number of studies are there to evaluate the performance characteristics of SMA mixtures compared to the
control dense graded mixes. When polymer modified binders are used the rutting values are less than the
conventional dense graded mixtures. The polymer modified samples gave higher values of Marshall Quotient
than the conventional control mixtures and also there is an improvement in the mechanical properties.When
other types of aggregates are used the rutting resistance decreased. When fibers are added it will have a great
effect on binder drain down and also on the mechanical properties.The test results of various studies shows
thatespecially in hot weather climates SMA mixtures are advantageous over dense graded mixtures.

FUTURE STUDY
All the conventional methods are using a very high mixing and compaction temperatures. Studies can be
concentrated in the area of reducing the production temperatures to promise a sustainable environment. This
can be done with the help of some warm mix additives along with SMA. Also the study can be extended to a
wider area by using some modified binders.

REFERENCES
[1] Paredes, M., Gallego, J. and Saiz, L., Rubber modified binders as an alternative to cellulose fiber SBS polymers in

stone matrix asphalt.Construction and Building Materials 121 (2016) 727–732.
[2] Xie, Z. and Shen, J., Performance properties of rubberised stone matrix asphalt produced through different

processes.Construction and Building Materials 104 (2016)230-234.
[3] Woodward, D., Millar, P., Lantieri, C., Sangiorgi, C. and Vignali, V., The wear of SMA due to slow speed high

stress simulated laboratory trafficking.Construction and Building Materials 110 (2016) 270–277.
[4] Liphardt, A., Król, J and Radziszewski, P., Influence of the polymer modified binder content from RAP on

SMArutting resistance.Procedia Engineering 153 (2016) 407–413.
[5] Cao, W., Liu, S. and Feng, Z., Comparison of performance of stone matrix asphalt mixtures using basalt and

limestone aggregates. Construction and Building Materials 41 (2013) 474–479.
[6] Asi, I.M.,Laboratory comparison study for the use of SMA in hot weather climates. Construction and Building

Materials 20 (2006) 982–989.
[7] Iskender, E., Rutting evaluation of stone mastic asphalt for basalt and basalt–limestone aggregate

combinations.Composites: Part B54 (2013) 255–264.
[8] Sengul, C.E., Oruc, S.,Iskender, E. and Aksoy, A., Evaluation of SBS modified stone mastic asphalt pavement

performance. Construction and Building Materials 41 (2013) 777–783.
[9] Behnood, A. and Ameri, M., Experimental investigation of SMA containing steel slag.Transactions A: Civil

Engineering19(5) (2012) 1214–1219.
[10] Lavasani, M., Namin, M.L., and Fartash, H., Experimental investigation on mineral and organic fibers effect on

resilient modulus and dynamic creep of stone mastic asphalt and continuous graded mixtures in three temperature
levels. Construction and Building Materials 95 (2015) 232–242.

[11] Judycki, J., Influence of low-temperature physical hardening on stiffness and tensile strength of asphalt concrete
and stone mastic asphalt. Construction and Building Materials 61 (2014) 191–199.

[12] Kok, B.V. and Akpolat, M.,Effects of using sasobit and SBS on the engineering properties of bitumen and stone
mastic asphalt. Journal of Materials in Civil Engineering, ASCE, 2015, 27(10).

[13] Muniandy, R. and Huat, B., Laboratory DiameteralFatigue Performance of stone matrix asphalt with cellulose oil
palm fiber.American Journal of Applied Sciences 3 (9): 2005-2010, 2006.

[14] Nejad, F.M., Aflaki, E.and Mohammadi, M.A., Fatigue behavior of SMAand HMA mixtures. Construction and
Building Materials 24 (2010) 1158–1165.


