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Abstract— The present study, an attempt has been made to 

study the effects of use of a naturally and locally available 

fibre called SISAL fibre is used as stabilizer in SMA and as 

an additive in BC. For preparation of the mixes aggregate 

gradation has been taken as per MORTH specification, 

binder content has been varied regularly from 4% to 7% and 

fibre content varied from 0% to maximum 0.5% of total 

mix. As a part of preliminary study, fly ash has been found 

to result satisfactory Marshall Properties and hence has been 

used for mixes in subsequent works. Using Marshall 

Procedure Optimum Fibre Content (OFC) for both BC and 

SMA mixes was found to be 0.3%. Similarly Optimum 

Binder Content (OBC) for BC and SMA were found to be 

5% and 5.2% respectively. Then the BC and SMA mixes 

prepared at OBC and OFC are subjected to different 

performance tests like Drain down test, Static Indirect 

Tensile Strength Test and Static Creep Test to evaluate the 

effects of fibre addition on mix performance. It is concluded 

that addition of sisal fibre improve the mix properties like 

Marshall Stability, Drain down characteristics and indirect 

tensile strength in case of both BC and SMA mixes. 
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I. INTRODUCTION 

A. General 

The bituminous paving technique was first used on rural 

roads – so as to handle rapid removal of fine particles in the 

form of dust, from Water Bound Macadam, which was 

caused due to rapid growth of automobiles. At initial stage, 

heavy oils were used as dust palliative. An eye estimation 

process, called pat test was used to estimate the requisite 

quantity of the heavy oil in the mix. By this process, the 

mixture was patted like a pancake shape, and pressed 

against a brown paper. Depending on the extent of stain it 

made on the paper, the appropriateness of the quantity was 

adjudged. The first formal mix design method was Habbard 

field method, which was originally developed on sand-

asphalt mixture. Mixes with large aggregates could not be 

handled in Hubbard field method. 

II. DESIRABLE PROPERTIES 

The desirable properties of a bituminous concrete mix can 

be summarized as follows: 

 Stability to meet traffic demand 

 Bitumen content to ensure proper binding and water 

proofing 

 Voids to accommodate compaction due to traffic 

 Flexibility to meet traffic loads, esp. in cold season 

 Sufficient workability for construction 

 Economical mix  

III. SELECTION OF STABILIZING ADDITIVE 

Different stabilizing additive like fibre such as cellulose 

fibre, mineral fibre etc., many polymer, plastic, waste 

material such as carpet fibre, tires, polyester fibre are added 

to bituminous concrete mix mainly with Stone Matrix 

Asphalt to prevent excessive draindown of binder. Natural 

fibre like jute fibre and coconut fibre are also used by many 

researchers. Here an attempt has been made in this research 

work to utilise a naturally available fibre called SISAL 

FIBRE in bituminous concrete mixture both in Bituminous 

Concrete (BC) as well as Stone Matrix Asphalt (SMA). 

Sisal Fiber is exceptionally durable with a low 

maintenance with minimal wear and tear and it is 

Recyclable. It exhibits good sound and impact absorbing 

properties. Its leaves can be treated with natural borax for 

fire resistance properties. Traditionally, sisal has been the 

leading material for agricultural twine (binder twine and 

baler twine) because of its strength, durability, ability to 

stretch, affinity for certain dyestuffs, and resistance to 

deterioration in saltwater. 

 
Fig. 1: Sisal fiber 

 
Fig. 2: Sisal Tree 
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IV. REVIEW OF LITERATURE 

A. MINERAL FILLER: 

Mineral fillers have a significant impact on the properties of 

SMA mixtures. Mineral fillers increase the stiffness of the 

asphalt mortar matrix. 

Mogawer and Stuart (1996) studied the effect of 

mineral fillers on properties of SMA mixtures. They chose 

eight mineral fillers on the basis of their performance, 

gradation etc. They evaluated the properties of SMA 

mixtures in terms of drain down of the mastic, rutting, low 

temperature cracking, workability, and moisture 

susceptibility.  

Mustafa Karasahin et al. (2006) used waste marble 

dust obtained from shaping process of marble blocks and 

lime stone as filler and optimum binder content was 

determined by Marshall Test and showed good result. 

B. BINDER: 

Bitumen acts as a binding agent to the aggregates, fines and 

stabilizers in bituminous concrete mixtures. Binder provides 

durability to the mix. 

Putman et al. (2004) used a performance grade 

binder PG 76-22 to study the SMA properties. They 

observed that polymer modified bitumen gives better 

performance (in terms of deformation) than unmodified 

bitumen. 

Sharma et al. (2004) used natural rubber powder to 

modify 80/100 penetration grade bitumen. They termed it as 

Natural Rubber Modified Bitumen (NRMB).  

C. MIX DESIGN: 

For preparation of mix by Marshall Method some researcher 

used 50 blows on either face of sample and some researcher 

used 75 blows for their project work. 

Kamaraj et al. (2004) carried laboratory study 

using natural rubber powder with 80/100 bitumen in SMA 

by wet process as well as dense graded bituminous concrete 

mix with cellulose fibre and stone dust and lime stone as 

filler and found its suitability as SMA mix through various 

tests. 

Reddy et al. (2004) used Crumb Rubber (CR) 

OBTAINED from discarded tire with 80/100 penetration 

grade bitumen in SMA and concluded that it improves 

fatigue and permanent deformation characteristics, greater 

resistance to moisture damage than normal mixes.  

V. ASPHALT CONCRETE  

Asphalt concrete is a composite material commonly used in 

construction projects such as road surfaces, airports and 

parking lots. It consists of asphalt (used as a binder) and 

mineral aggregate mixed together, then are laid down in 

layers and compacted. 

A. Hot Mix Asphalt 

Mixture of coarse and fine aggregates and asphalt binder. 

HMA, as the name suggests, is mixed, placed and 

compacted at higher temperature. HMA is typically applied 

in layers, with the lower layers supporting the top layer. 

They are Dense Graded Mixes (DGM), Stone Matrix asphalt 

(SMA) and various Open graded HMA. Figures below show 

various HMA surface and lab.  

1) Dense-Graded Mixes 

This type of bituminous concrete is a well-graded HMA has 

good proportion of all constituents are also called Dense 

bituminous macadam. When properly designed and 

constructed, a densegraded mix is relatively impermeable. 

Dense-graded mixes are generally referred to by their 

nominal maximum aggregate size and can further be 

classified as either fine-graded or coarsegraded.  

 
Fig. 3: Dense graded HMA surface 

 
Fig. 4: Dense-Graded Core sample 

2) Stone Matrix Asphalt (SMA) 

Stone matrix asphalt (SMA), sometimes called stone mastic 

asphalt, is a gap-graded HMA originally developed in 

Europe to maximize rutting resistance and durability in 

heavy traffic road. SMA has a high coarse aggregate content 

that interlocks to form a stone skeleton that resists 

permanent deformation. The stone skeleton is filled with a 

mastic of bitumen and filler to which fibers are added to 

provide adequate stability of bitumen and to prevent 

drainage of binder during transport and placement. Typical 

SMA composition consists of 70−80% coarse aggregate, 

8−12% filler, 6.0−7.0% binder, and 0.3 per cent fiber.  
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Fig. 5: SMA Surface 

 
Fig. 6: SMA Lab Sample 

3) Open-Graded Mixes 

Unlike dense-graded mixes and SMA, an open-graded HMA 

mixture is designed to be water permeable. Open-graded 

mixes use only crushed stone (or gravel) and a small 

percentage of manufactured sands.  

 
Fig. 7: OGFC Surface 

 
Fig. 8: OGFC Lab Samples 

B. PROPERTIES OF HOT MIX ASPHALT (HMA) 

The bituminous concrete mixture should posses following 

properties 

 Resistance to Permanent Deformation 

 Resistance to Fatigue and Reflective Cracking 

 Resistance to Low Temperature (Thermal) Cracking 

 Resistance to Moisture Damage (Stripping) 

 Workability. 

VI. CALCULATIONS/RESULTS 

 
Fig. 9: Variation of Marshall Stability of  BC 

 
Fig. 10: Variation of Flow Value of BC 
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Fig. 11: Variation of unit weight Value of BC 

 
Fig. 12: Variation of air void of BC 

1) Maximum Marshall Stability values and their 

corresponding binder content 

BC with filler 

type Max. 

Stability (KN) 

Corresponding 

Binder 

Content (%) 

 

Cement 14.78 5 

Stone dust 14.48 5 

Fly ash 14.38 5 

2) Maximum unit weight values and their corresponding 

binder content 

BC with filler 

type 

Max. Unit 

weight 

Corresponding Binder 

Content (%) 

Cement 2.54 5 

Stone dust 2.52 5 

Fly ash 2.49 5 

3) binder content corresponding to 4.5% of air void 

BC with filler 
type Air void 

(%) 

Corresponding Binder 

Content (%) 

Cement 4.5 5 

Stone dust 4.5 5 

Fly ash 4.5 4.8 

4) Maximum Marshall Stability values and their 

corresponding binder content 

Fibre 

conte

nt 

(%) > 

0 0.3 0.5 

BC 

with 

binde

r 

Max. 

Stabili

ty 

(KN) 

Binde

r 

Conte

nt 

(%) 

Max. 

Stabili

ty 

(KN) 

Binde

r 

Conte

nt 

(%) 

Max. 

Stabili

ty 

(KN) 

Binde

r 

Conte

nt 

(%) 

60/70 14.38 5 14.55 5 14.1 5 

5) Maximum unit weight values and their corresponding 

binder content 

Fibre 

conte

nt 

(%) > 

0 0.3 0.5 

BC 

with 

binde

r 

Max. 

Stabili

ty 

(KN) 

Binde

r 

Conte

nt 

(%) 

Max. 

Stabili

ty 

(KN) 

Binde

r 

Conte

nt 

(%) 

Max. 

Stabili

ty 

(KN) 

Binde

r 

Conte

nt 

(%) 

60/70 2.49 5 2.45 5 2.45 5 

6) binder content corresponding to 4.5% of air void 

BC with fibre 

content (%) 

Air void 

(%) 

Corresponding Binder 

Content (%) 

0 4.5 5 

0.3 4.5 6 

0.5 4.5 6.5 

7) OBC of BC with different fibre content 

BC With fibre content (%) OBC (%) 

0 4. 8 

0.3 5 

0.5 5.5 

8) Maximum Marshall Stability values and their 

corresponding binder content 

Fibre 

conte

nt 

(%) > 

0 0.3 0.6 

SMA 

with 

binde

r 

Max. 

Stabili

ty 

(KN) 

Binde

r 

Conte

nt 

(%) 

Max. 

Stabili

ty 

(KN) 

Binde

r 

Conte

nt 

(%) 

Max. 

Stabili

ty 

(KN) 

Binde

r 

Conte

nt 

(%) 

60/70 12.3 6 14.5 5.5 14 6 

9) Maximum unit weight values and their corresponding 

binder content 

Fibre 

conte

nt 

(%) > 

0 0.3 0.4 

SMA 

with 

binde

r 

Max. 

Stabili

ty 

(KN) 

Binde

r 

Conte

nt 

(%) 

Max. 

Stabili

ty 

(KN) 

Binde

r 

Conte

nt 

(%) 

Max. 

Stabili

ty 

(KN) 

Binde

r 

Conte

nt 

(%) 

60/70 2.46 5 2.47 4.5 2.48 5 

10) binder content corresponding to 3% of air void 

SMA with fibre 

content (%) 

Air void 

(%) 

Corresponding Binder 

Content (%) 

0 3 6.5 

0.3 3 6.5 

0.5 3 7 



Study of Bituminous Mix Concrete in Civil Construction 

 (IJSRD/Vol. 8/Issue 5/2020/032) 

  

 All rights reserved by www.ijsrd.com 148 

11) OBC of SMA with different fibre content 

BC With fibre content (%) OBC (%) 

0 5.8 

0.3 5.2 

0.4 6.2 

12) Drain down of mixes without fibre 

MIX Drain down value (%) 

SMA 0.08 

BC 0.02 

VII. CONCLUSIONS 

Different test like Drain down test, Indirect Tensile Strength 

(ITS), Static creep test is done on MIX at their OBC, OFC 

and its conclusion is given below. 

1) Drain down of SMA is more than BC without fibre. At 

their OFC drain down of binder is decreases. 

2) From Indirect Tensile Strength it is concluded that 

Tensile Strength of SMA is more than BC. 

3) From Static Creep Test it is concluded that by addition 

of fibre to BC and SMA mixes deformation reduced. 

MORTH recommended that permanent deformation 

should not be more than 0.5 mm. SMA sample with 

fibre shows deformation about 0.45mm which is good. 
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