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Abstract - “Thin Stone Matrix Asphalt is a tough, stable and rut resistant gap graded bituminous mix which contains high
coarse aggregates, high bitumen, filler and stabilising additive'. TSMA is a coarse aggregate skeleton with stone-on-stone
contact which resists shear force created by the loads applied and results in high resistance to deformation. The utilization
of TSMA mix has been an attractive alternative for the highways because of their possible utilization as preventive
maintenance treatment on urban roads to restrict thickness of the pavement and save aggregates usage.

For the present study, an attempt has been made to study the engineering properties of the TSMA mix with VG-30 grade
bitumen. The study is mainly focused on the effect of the mix with the addition of Arbocel fibre. The Marshall specimens
were prepared for both conventional and with the addition of fibre (0.3%, 0.35% and 0.4%) with varying bitumen content
of 5.8%, 6%, 6.2%, 6.4% and 6.6% by weight of the aggregates, to determine the Optimum Bitumen Content (OBC) and
Optimum Fibre Content (OFC). Drain down potential test was also conducted on the both the mixes. It was observed that
0.3% addition of fibre proves an improved engineering property of the TSMA mix when compared to the conventional
mix. Since, the TSMA mix has better rut resist, durable and can be effectively used as wearing course for the Indian roads.
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I INTRODUCTION

"Thin Stone Matrix Asphalt is a tough, stable and rut resistant gap graded bituminous mix which contains high coarse aggregates,
fine aggregates, bitumen, filler and stabilising additive". TSMA is a coarse aggregate skeleton with stone-on-stone contact which
resists shear force created by the loads applied and results in high resistance to deformation. Thin Stone Matrix Asphalt (TSMA)
provides improved engineering characteristics on other conventional dense graded bituminous mixes (DBM and BC). The
utilization of 9.5 mm and 4.75mm nominal size of aggregates in mixes has been an attractive alternative for the highways because
of their possible utilization as preventive maintenance treatment on urban roads to restrict thickness of the pavement and save
aggregates usage. The main differences of TSMA to conventional dense graded bituminous mixes are:

i High content of coarse aggregate
ii. High binder content
iii. Gap-graded mix
iv. Thick mortar films, stabilised with drain-arrestor additives

Following are the key reasons for the selection of Thin Stone Matrix Asphalt for Indian roads:

Due to smaller thickness, the unit price will be less

Less noise under traffic

Better rut resist and skid resistance

The Larger size of aggregates requires greater thickness which leads to higher unit price.

Cost

Effective

Figure 1: Benefits of TSMA mix
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Scope and objectives of the present study

The extent of present work includes the assurance of different properties of the binder and aggregates utilized for TSMA mixture.
TSMA samples were set up by fluctuating the bitumen substance and fibre content by conducting Marshall Stability Test to
decide the ideal bitumen substance and ideal fibre substance. Further the Drain-down Test was led to check for the cover seepage.
The objectives of the present dissertation work are given below:

e To assess the basic properties of the aggregates and bitumen as per MORTH specifications and IRC SP 079:2008
Tentative specifications for SMA.

e To determine the Optimum Bitumen Content (OBC) and Optimum Fibre Content (OFC) by varying bitumen
concentration using Marshall Stability test.

e To determine the drain down characteristics of the TSMA mix.

1. LITERATURE REVIEW

C. Kamaraj, et al., (2010) carried out the “Laboratory investigation on the performance of warm mix based Thin Stone
Matrix Asphalt mix for urban roads”. The development of TSMA is very much essential for the city roads where the raise of
the pavement thickness cannot be affordable. For the study, materials used are Delhi quartzite of 9.5mm nominal size aggregates,
stone dust, hydrated lime as filler, cellulose fibre as stabilising additives and polymer modified bitumen. The Marshall stability
test was carried to determine the optimum binder content. ITS and Dynamic creep test was conducted. The warm mix has been
adopted to reduce the energy consumption during construction. The paper brings out improved properties of TSMA mix with
modified warm mix additive which contributes to reduction in temperature during compaction leads to energy savings.

Bindu C.S, et al.,(2015) an attempt has been made to study on "'Influence of natural fibre on the compressive strength of
Stone Matrix Asphalt Mixtures". India being an agricultural background country, there will be a huge availability of natural
fibres. For the study, nature fibre like sisal, coir, banana fibre was used. Compressive strength tests were done to study the
resistant to crushing to withstand the stresses from the traffic loads. With 0.3% of fibre content, the mix shows the maximum
compressive strength. The SMA mix with Coir fibre compared with banana fibre and sisal fibre shows higher compressive
strength with higher crushing resistance.

1. MATERIALS CHARACTERISATION

1. Aggregates:Aggregates play a key role in the performance of a bituminous mix. Aggregates used for the study of TSMA
mix are mainly divided into coarse and fine aggregates depending upon their sizes. Basic tests are performed for the
selected aggregates as per IRC: SP: 79:2008 specifications and MoRTH section 500, confirming to table 500-36. 100%
crushed aggregates with superior quality are procured from R. N. Shetty quarry, Jigani Bangalore. The results are shown
in Table 1.

2. Binder: The proper selection of binder content is an important element supporting the stone skeleton performance. For
the present study, bitumen acts as a binder content for the TSMA mix. VG-30 grade bitumen is used for the work
procured from "Civil Aid Technoclinic Pvt. Ltd" Bangalore. The tests are carried on VG-30 bitumen as per the
guidelines of IRC: SP:53:2010 and MoRTH 500-36 section. The tests results are shown in Table 2.

3. Filler:For better binding purpose filler is used in TSMA mix. Hydrated lime, rock dust, fly ash, slag dust, cement and
mineral filler are the fillers used in TSMA mix. For the present studies, Hydrated lime is used as a mineral filler with 2
% replacement for stone dust. It is procured from PannaPolychem, Sait industrial town, Bangalore. The grading
requirements results are shown in Table 3.

4. Arbocelfibre:For the TSMA mix Fibres are used as stabilising additive. The key role of fibre is to increase the stability
and reduces the drain down of the TSMA mix. Cellulose fibre, natural fibre, polymer fibre and mineral fibres are the
different types of fibres commonly used. For the present study, ARBOCEL® ZZ 8/1G fibre is used, it is a cellulose fibre.
The fibre is obtained from “Strategic Marketing and Research team” Bangalore. Properties of the Arbocelfibre are shown

in Table 4.
Table 1: Tests results of Aggregates
Requirements as per
Aggregate tests Results IRC: SP:79:2008
Aggregate Impact Value (%) 16.12% < 18%
Los Angeles Abrasion Value(%) 14.81 % < 25%
Combined Flakiness and Elongation Index (%) 13.20 % <30%
Water Absorption Test 0.92 % < 2%
Specific Gravity, Coarse aggregates 2.65 25-2.8
Fine aggregates 2.75
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Table 2: Tests results of VG-30 bitumen
Test Results Requirements as per
IRC: SP:53:2010
Penetration at 25°C (mm) 67 60-70
Softening point (°C) 54 45-55
Flash point and Fire point (°C) 255 and 262 -
Specific gravity 0.99 0.99-1.02
Ductility (mm) 82 Min 75

Viscosity 9 sec -

Table 3: Sieve analysis of Hydrated lime

IS Sieve, | Weight Percent Cumulative Cumulative Cumulative percent
size retained weight Percent weight | weight percent passing by weight of
(mm) (gm) retained retained passing total aggregate
0.6 3 1 1 99 100
0.3 9 3.5 4 96 95-100
0.075 13 8 12 88 85-100

Table 4: Properties of Arbocelfibre

Characteristics Long fibre, Grey
Cellulose content 80+5 %
Average fibre length 1100 pm
Average fibre thickness 45 um

Bulk density 200 g/l —280 g/l
Temperature resistance (°C) Up to 200°C

pH value 7.5+1

IV.EXPERIMENTAL PROGRAMME

1. Gradation of Aggregates
The gradation of aggregates is an important factor for the design of TSMA mix. To obtain a desired gradation of different sizes
aggregates of 10mm down size, 6mm down size and stone dust are used for the present work. Sieve analysis is carried out for
various size of aggregate.

Gradation of Aggregates is obtained using the Rothfuch’s method, individual percentage of different sizes of aggregates are
determined for the TSMA mix. The composition of Thin Stone Matrix Asphalt (TSMA) is shown in table 5.

Table 5: Composition of Thin Stone Matrix

Property Criteria
Course where it is used Binder course
Nominal size of aggregates 9.5 mm
Nominal layer thickness 15 mm
IS Sieve (mm) Limits Obtained Gradation
13.2 100 100
9.5 90-100 95.04
6.3 30-55 48.64
4.75 20-40 32.40
2.36 15-28 21.47
1.18 13-24 19.54
0.6 12-21 17.98
0.3 10-18 15.11
0.15 9-14 12.89
0.075 8-12 10.45
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Figure 2: Gradation Chart for TSMA 9.5 mm mix
TSMA mix design

The mix design of TSMA mix is obtained by Marshall Stability test. The superior mix of the TSMA shall satisfy the requirements
as per MoRTH specifications Table 500-38. TSMA mix requirements are presented in Table 6.

Table 6: TSMA mix requirements

Mix design parameters Requirements as per MORTH table 500-38
Air void content % 4.0
Bitumen content % 5.8 min
Fibre 0.3% min by weight of total mix
Voids in mineral aggregate % 17 min
Asphalt drain down 0.3 max %
Tensile strength ratio % 85 min

2. Marshall Stability test

The test is performed to determine the optimum binder content bearing a maximum stability value and other Marshall parameters
of the TSMA mix.

TSMA Conventional mix

Marshall Stability test was conducted on thin stone matrix mix with the binder (VG-30) and 2% of filler (hydrated lime) by
weight of total aggregates i.e. 24 grams and replacing the same weight of dust and filler is added. The test was carried out to
determine the OBC and stability of the mix. The mix was prepared with varying percent of bitumen 5.8%, 6%, 6.2%, 6.4% and
6.6% by the weight of aggregates. 2% of filler was kept constant. The results are shown in Table 7.

Table 7: Marshall Properties for Conventional TSMA Mix

Marshall Flow Value Corrected
% of Gt | Gm | W Vb | VMA | VFB | Stability Value (mm) Stability

Bitumen % % % % (ko) Value (kg)
5.8 2.40 | 2.28 | 5.02 | 12.85 | 17.88 | 71.91 763 3.8 633.29
6 2.40 | 2.28 | 4.78 | 13.33 | 18.12 | 73.61 824 4.8 667.44
6.2 2.42 | 2.31 | 4.09 | 13.95 | 18.04 | 77.31 1018 5.1 844.94
6.4 2.40 | 2.30 | 3.82 | 14.34 | 18.16 | 78.98 885 5.2 716.85
6.6 2.38 | 2.29 | 3.56 | 14.68 | 18.25 | 80.48 830 5.4 647.40
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Figure 3: Marshall Properties of conventional TSMA mix

Marshall Stability test was carried out for the conventional TSMA mix for obtained gradation. From the results, it has been found
that as the bitumen content increases, there is increase in the stability value up to certain point and then decreases in their
properties. Also, there is an increase in the flow value and decrease in the voids percentage of the TSMA mix respectively. From
the graph, it was observed that the Optimum Binder Content (OBC) was 6.2% with stability value 845kg, VFB was 77.31%, bulk
density was 2.31 gm/cc, Vv was 4.09%, flow value was between 3-5mm and VMA obtained was 18.04% at OBC. The results
obtained from conventional mix were used for comparison with TSMA mixes.

TSMA mix with Fibre

The Marshall Stability test was conducted to determine the optimum binder content, optimum fibre content, stability and other
properties of TSMA mix. Specimens were prepared with varying bitumen content (5.8%, 6%, 6.2%, 6.4% and 6.6%) and fibre
content (0.3%, 0.35% and 0.4%). The results obtained from the TSMA mix with the addition of fibre are shown below.

Table 8: Marshall Properties of TSMA mix with 0.3% fibre

Marshall Flow Corrected

% of Gt Gm Vv Vb VMA VFB Stability Value Stability

Bitumen % % % % Value (kg) (mm) Value (kg)
5.8 2.40 2.28 4,76 12.89 17.65 73.02 879 4.8 729.57
6 2.40 2.30 4.23 13.41 17.65 76.01 1116 5.2 903.96
6.2 2.42 2.31 4.05 13.95 18.01 77.49 1318 5.5 1093.94
6.4 2.40 2.31 3.70 14.36 18.06 79.50 1055 5.6 854.55
6.6 2.38 2.29 3.47 14.69 18.17 80.91 1104 5.9 861.12
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Figure 4: Marshall Properties of TSMA mix with 0.3% fibre

Marshall Stability test was carried out for the TSMA mix with addition of 0.3% fibre. From the graph it was observed that the
Optimum Binder Content (OBC) was 6.2% with stability value 1094kg, VFB was 77.49%, bulk density was 2.31 gm/cc, Vv was
4.05%, flow value was between 4-6 mm and VMA obtained was 18.01% at OBC. The results obtained from TSMA mix with
addition of 0.3% fibre were used for comparison with conventional mix.

Table 9: Marshall Properties of TSMA mix with 0.35% fibre

Marshall Flow Corrected
% of Gt Gm Vv Vb VMA VFB Stability Value Stability
Bitumen % % % % Value (kg) | (mm) Value (kg)
5.8 240 | 2.28 488 | 12.87 | 17.75 72.52 787 4.2 653.21
6 240 | 2.29 439 | 13.39 | 17.78 75.31 810 4.8 656.10
6.2 242 | 231 4.03 | 13.96 | 17.99 77.61 1123 5 932.09
6.4 240 | 231 359 | 1437 | 17.97 80.02 975 5.4 789.75
6.6 2.38 | 2.29 354 | 1468 | 18.22 80.60 787 5.8 613.86
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Figure 5: Marshall Properties of TSMA mix with 0.35% fibre

Marshall Stability test was carried out for the TSMA mix with addition of 0.35% fibre. From the graph it was observed that the
Optimum Binder Content (OBC) was 6.2% with stability value 932 kg, VFB was 77.61%, bulk density was 2.31 gm/cc, Vv was
4.03%, flow value was between 4-6 mm and VMA obtained was 17.99% at OBC. The results obtained from TSMA mix with
addition of 0.35% fibre were used for comparison with conventional mix.
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Table 10: Marshall Properties of TSMA mix with 0.4% fibre

Marshall Flow Corrected
% of Gt Gm Vv Vb VMA VFB Stability Value Stability
Bitumen % % % % Value (kg) | (mm) Value (kg)
5.8 2.40 2.28 4.97 12.86 17.83 72.14 818 4.9 678.94
6 240 | 2.30 4.09 | 13.43 17.53 76.63 842 5.3 682.02
6.2 2.42 2.31 4.02 13.96 17.98 77.65 910 5.6 755.30
6.4 2.40 2.30 3.76 14.35 18.11 79.25 872 5.9 706.32
6.6 238 | 2.29 3.46 | 14.70 18.16 80.94 856 6.2 667.68
Stability in kg Percent voids
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Figure 6: Marshall Properties of TSMA mix with 0.4% fibre

Marshall Stability test was carried out for the TSMA mix with addition of 0.4% fibre. From the graph it was observed that the
Optimum Binder Content (OBC) was 6.2% with stability value 755kg, VFB was 77.65%, bulk density was 2.31 gm/cc, Vv was
4.02%, flow value was between 4-6 mm and VMA obtained was 17.98% at OBC. The results obtained from TSMA mix with
addition of 0.4% fibre were used for comparison with conventional mix.

The Marshall Stability test was carried out on specimens with varying fibre content (0.3%, 0.35% and 0.4%). The optimum binder
content obtained was 6.2%.

For 0.3% addition of fibre the stability value obtained was 1094 kg, 932 kg for 0.35% and 756 kg for 0.4% of fibre.
It was observed that 0.3% addition of fibre achieves maximum stability value and as the fibre content increases, there was
gradually decrease in stability of the mix. Flow value increased with increase in the bitumen content. Air voids decreased with the
increase of fibre content. The TSMA mix with addition 0.3% fibre achieves maximum stability value as compared to the
conventional mix.

3. Drain down test

The test was conducted to determine the drain down characteristics for TSMA mix. The samples were prepared for both with fibre
(0.3% OFC) and without fibre mixes. The results are shown in Table 4.5.

Table 11: Drain down potential of TSMA mix

Fibre | Bitumen Empty Wire Empty | Catch plate + Drain down
(%) content wire basket + catch Drained potential (%) =
(%) basket Sample plate (C) | Material (D) —¢ . 100
(A) gm (B) gm gm gm B-A
0% 6.2 719 1780.78 105.32 107.64 0.22
0.3% 6.2 719 1780.81 105.32 105.73 0.03

The test was conducted for both conventional mixes and with the addition of fibre (0.3%). The drain down potential for
conventional mix obtained was 0.22% and 0.03% for the addition of 0.3% fibre content. It was observed that the addition of fibre
decreases the binder drain down. The drain down test results obtained is within the limits as specified in IRC: SP: 79:2008
specifications for SMA.
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V. CONCLUDING REMARKS

Following are the conclusions based on the test results:

1. The aggregates and bitumen test results are well within the specified limits as per IRC: SP: 79:2008 specifications for the
present study.

2. From the present work it was observed that the Marshall Stability test conducted on TSMA mix, shows around 1.3 times
increase in the stability value of the mix with the addition of 0.3% Arbocelfibre as compared to the conventional mix.
The stability value for conventional mix obtained was 845 kg and for TSMA mix with the addition 0.3% of fibre was
1094 kg.

3. It was observed that Optimum Bitumen Content (OBC) was 6.2 % and Optimum Fibre Content (OFC) was 0.3%.

4. From the present work it was observed that the stability value of the mix with 0.3% dosage of fibre achieves maximum
stability of 1094 kg and it is gradually decreasing when the fibre dosage increases to 0.35% and 0.4% respectively. The
stability value obtained for the mix with 0.35% fibre was 932 kg and 755 kg for 0.4% dosage of fibre mix.

5. The voids in mineral aggregates (VMA) for conventional mix was 18.04% and 18.01% for OFC mix. It was found
within the specified limit of minimum 17%. Overall the TSMA mix satisfies all other Marshall parameters for the
present work.

6. From the present work it was observed that the drain down potential test results (limit min 0.3%) satisfies as per the
requirements of IS: SP: 79:2008 specifications. The drain down specimen results for conventional mix was 0.22% and
0.03% for the mix with 0.3% fibre.

7. From all the above results it is noticed that the TSMA mix with OFC shows improved results as compared to the
conventional mix.

8. From the present work it can be concluded that the use of Thin Stone Matrix Asphalt mix of 9.5mm nominal size of
aggregates is an attractive alternative for wearing course for Indian roads to restrict thickness of the pavement and to
save the utilization of aggregates.
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