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Abstract 

In the present scenario heavy traffic and unfavorable environmental conditions are detrimental to the quality of road pavements. 

Hence pavements need to be modified to attain improved performance and life span. Many researches have been conducted to 

analyse the suitability of different materials in pavement modification. In this study the effect of nano silica and micro silica on 

the properties of bitumen binder and mixture is evaluated. For the analysis 2, 4, 6 and 8 % of nano silica and micro silica are 

individually mixed with bitumen. The modified bitumen is tested for ductility, viscosity, softening point and penetration. The 

engineering properties such as Marshall Stability, retained stability, indirect tensile strength and indirect stiffness modulus of the 

bituminous mix are evaluated. From this study it is observed that nano silica is more effective than micro silica for the modification 

of the binder and as well as the mix. 
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

In India pavements are subjected to different distresses due to heavy traffic and climatic changes. The improvement of 

performances of bituminous pavements is necessary for reducing these distresses. Over the last decades researches investigated 

the use of additives for modifying bitumen binder as well as mix. In recent years use of nanomaterial to improve bitumen binder 

and mix performance has become popular. Nanotechnology is a promising and innovative technology applied in material 

modification. It deals with dimensions in the scale of nanometers (10-9m). 

Nanomaterials provide exceptional properties to materials such as high strength, better conductivity etc. Hence different 

nanomaterials such as nano carbontubes, nanoclay, nanosilica, nanopolymers etc. are used in bitumen applications. Similar to 

nanomaterials, micromaterials also have the potential to modify bitumen materials. Micro materials have dimensions in the scale 

of micrometers (10-6m). In this study the effect of nanosilica on the properties of bitumen binder and the mix is compared to the 

effect of microsilica on the same.  

II. LITERATURE REVIEW 

Nanomaterials have significant effects in improving engineering properties of bitumen binder and mixture. In 2009 two types of 

nanoclay, nanofil-15 and cloisite -15A were used by Jahromi and Khodai to modify bitumen. The amount of nano clay added was 

2, 4 and 7 % by weight of bitumen. It was found that the nanoclay increases the stiffness and aging resistance of the bitumen. A 

small percent of nanoclay added can cause changes in rheological parameters. It was also observed that the ductility, penetration 

and softening point were increased. 

It was reported that rutting resistance and high temperature storage stability of the SBS modified bitumen can be improved by 

organophilic montmorillonite addition (Galooyak et al., 2010). 

Youz et al. in 2011 found out that by adding montmorillonite nanoclay in 2 % and 4 % by the weight of asphalt, the rotational 

viscosity and dynamic shear complex modulus were increased. Also addition of 4 % nanoclay increased complex moduli by 196 

% whereas addition of 2 % nanoclay increased complex moduli by 184 %. A study done by Yang and Tighe (2013) concluded that 

nanosilica can enhances antiaging resistance, rutting resistance, fatigue cracking performance and anti-stripping properties of 

bitumen binder. 

Similarily studies done on microsilica modified bitumen by Abutalib et al. (2015) investigated the effect of silica fume in asphalt 

binder. He added 2, 4 and 8 % of silica fume by weight of asphalt binder. It was found out that silica fume reduced asphalt aging 

index up to 4 %. However it negatively affects its aging index after 8 %. 

There were studies done on addition of nanosilica in polymer modified bitumen. Here also nanosilica increased penetration, 

viscosity; reduced softening point and increased complex shear moduli. Hence the rutting resistance and fatigue resistance were 

increased significantly (Alhamali, 2015). 
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In 2016 asphalt binder was modified with nanosilica by Ezzat et.al and noticed that nanosilica increased Brookfield rotational 

viscosity and increased penetration, and reduced softening point. Abdullah (2016) found out that nanomaterials can also act as 

secondary modifier for SBS-modified bitumen. Nanosilica also improved the performance grade of bitumen. 

III. MATERIALS 

The materials used in this study include aggregates, bitumen and additives. The physical properties of aggregates are given in 

table.1. The gradation of aggregate used in this study is given in figure 1. VG-30 is used as the binder in this study. The physical 

properties of ordinary bitumen are given in table.2The additives used in this project are nanosilica and micro silica. Nano silica is 

a crystalline silicon dioxide nanoparticle. It has vast surface area, better adsorption and better stability. Nanosilica is obtained by 

direct synthesis of silica sol or by crystallization of nano sized quartz crystal. It has a density of 24g/m3. The average particle size 

is 15 nm. Its specific gravity varies from 2.2 – 2.4. It appears as white powder. 

The second additive micro silica or silica fume is an amorphous polymorph of silicon dioxide. It is obtained as a byproduct of 

silicon or ferrosilicon alloy production. The bulk density of silica fume varies from 130 – 600 kg/m3. The average particle size is 

444.2 nm. Its specific gravity is 2.21. It has a greyish powder appearance. 

 
Fig. 1: Gradation of Aggregate Used In This Study 

Table – 1 

Physical Properties of Aggregates 

Property BIS Limit Result 

LOS Angeles Abrasion (%) 30% max 24 

Aggregate Impact Value (%) 30% max 22 

Elongation Index (%) 15% max 13 

Flakiness Index (%) 15% max 12 

Water Absorption (%) 0.1-2 0.9 

Table – 2 

Physical Properties of Ordinary Bitumen 

Property Result Recommended Limit 

Ductility (cm) 87 min75 

Penetration (mm) 67.5 min 45 

Softening Point (oC) 46.5 min 47 

Specific Gravity 0.99 min 0.98 

Viscosity, Cp 460 max 3000 

IV. EXPERIMENTAL ANALYSIS 

 Preparation and Testing of Modified Bitumen 

The first step in the experimental program was preparation of modified bitumen. In this process 2, 4, 6 and 8 % of nanosilica and 

microsilica by weight of binder was mixed with bitumen separately. The modified bitumen was tested for ductility, penetration, 

softening point and viscosity. Figure 2, 3, 4 and 5 shows the result of testing on modified bitumen.  It was observed that penetration 

decreases steadily for nanosilica. However at 8 % the bitumen is becoming stiffer due to increase in concentration of nanosilica. 

All other properties such as viscosity, ductility as well as softening point were also improving. Hence upto 6 %, nanosilica was 

making bitumen more efficient for improved pavement performances.  

In the case of microsilica modification, the penetration value was decreasing consistently upto 6 %. After that there was a slighter 

improvement in penetration value. However softening point was increasing upto 6 %. After 6 % the softening point is decreasing. 
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Viscosity is found to be increasing steadiliy upto 6 %. Hence at 6% of microsilica, the bitumen was having better properties same 

as in the case of 6% nanosilica. The properties of modified bitumen are given in figure 2, 3, 4 and 5. 

   
Fig. 2: Penetration Test Results                                                         Fig. 3: Softening Point Test Results 

   
Fig. 4: Ductility Test Results                                                          Fig. 5: Viscosity Test Results 

 Preparation and Testing of Marshall Samples 

Marshall Samples were prepared by gyratory compactor. From the tests conducted on modified bitumen, it was found that at 6% 

of both nanosilica and microsilica content, bitumen is having most desirable improvement. Hence modified Marshall Samples were 

prepared by adding 6 % of nanosilica and 6% of microsilica separately, with varying bitumen content of 4.5, 5, 5.5 and 6 %. 

Marshall Method of mix design, ASTM D 1556 using MORTH specification was adopted. 

After preparation of samples they were subjected to Marshall Analysis. The tests such as retained stability, indirect tensile 

strength and indirect tensile Stiffness were conducted on sample containing optimum bitumen content in the control samples as 

well as the modified samples. 

 Marshall Stability Test  

It is a simple and low cost test method to analyse Marshall Properties and to obtain optimum bitumen content. The volumetric 

properties of control mix, nanosilica modified mix and microsilica modified mix are given in table 3 and figure 6. 
Table – 3 

Marshall Test Result 

MIX BITUMEN(%) Gm (g/cc) Vv(%) Vb(%) VMA(%) VFB(%) STABILITY(kN) FLOW(mm) 
 4.5 2.34 6.54 10.65 17.19 61.95 10.32 4.48 

Control 5 2.36 5 11.92 16.92 70.44 12.11 4.6 
 5.5 2.38 2.62 13 15 83.56 15.70 4.72 
 6 2.36 3.49 14 17.79 86.38 14.32 4.9 
 4.5 2.42 4.5 10.38 14.36 72.32 14.25 2.6 
 5 2.46 4 11.71 13.97 80.42 17.32 3.24 

Nanosilica 5.5 2.43 2.17 12.78 14.9 86.39 20.18 3.9 

6% 6 2.41 2.28 13.77 16.05 90.79 16.15 3.93 
 4.5 2.39 5.26 10.16 15.42 65.87 13.32 3.8 
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Microsilica 5 2.42 3.39 11.41 14.8 70.08 15.68 3.82 

6% 5.5 2.4 3.5 12.45 15.95 78.04 18.30 4.01 
 6 2.38 3.8 13.47 17.09 81.79 15.78 4.2 

 

 
Fig. 6: Variation of Marshall Properties for Different Mixes for Different Binder Content 

 

From the marshall analysis it was found that stability was increased as a result of modification. The maximum stability was 

obtained from the modification by nanosilica which is 20.18 kN. The stability obtained by microsilica modification is 18.30 kN. 

Air voids are found to be decreasing with increase in additive content. From the figure 6 it was found out that the optimum bitumen 

content for control mix is 5.26 %. For nanosilica modified mix it was 5.1 % and for microsilica modification it was 5%. 

 Retained Stability Test 

Retained stability is the measure of stripping in aggregate due to moisture. This test was conducted as per ASTM D 1075-1979. 

Table 4 shows the result obtained from this test. 
Table – 4 

Retained Stability 

Type of Mix Retained Stability after 30 minutes Retained Stability after 24 hours Average Retained Stability(KN) 

Control 15.70 11.56 73% 

Nano Silica 20.18 16.99 84% 

Micro silica 18.30 14.47 79% 

It was found that there is a 6% increase in retained stability for microsilica modified mix and 11 % increase for nanosilica 

modification. 

 Indirect Tensile Strength 

It was performed as per ASHTO T 283 and found out that there is 7 % increase in the tensile strength for microsilica modified mix 

and 9 % increase for nanosilica modification. Hence the modified mix has higher resistance to moisture damage and creep. Table 

5 shows indirect tensile strength characteristics of different bitumen mixes. 
Table - 5 

Indirect Tensile Strength Ratio 

MIX ITS Dry (kN/m2) ITS Wet (kN/m2) TSR (%) 

Conventional 460 558 83 

Nano Silica 913 989 92 

Micro Silica 550 611 90 

 Indirect Tensile Stiffness  

A sinusoidal load pulse is applied which is characterized by the rise-time and peak value. It was conducted as per ASTM D 4123-

82. The stiffness modulus increased by 29.7 % in microsilica modification and 89.7 % increase in nanosilica modification. Hence 

the resistance to deformation is increased in modified mix. Figure 7 shows graphical representation of the result. 
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Fig. 7: Indirect Tensile Stiffness 

 

V. CONCLUSIONS 

With a view to improve properties of bitumen and bituminous concrete mix with nanosilica and microsilica , the following 

conclusions were made. 

 The concentration of nanosilica and microsilica suitable for better modification of bitumen is found to be 6 % by weight of 

binder.  

 The penetration and softening point of bitumen were improved by 17% and 18% respectively by modification by nanosilica. 

In microsilica modification, penetration and softening point were improved by 14%. 

 Viscosity was improved from 460 MPa to 1350 MPa in nanosilica modified bitumen and to 1200 MPa in microsilica modified 

bitumen. 

 The optimum bitumen content for control mix was 5.26 %. For nanosilica modified mix it was 5.1 % and for microsilica 

modification it was 5%. 

 The stability of control mix was 15.70 kN. It increased to 18.30 kN in microsilica modification which represent 16 % increase. 

In nanosilica modification, the stability was 20.18 kN. There is 28% increase in the stability of the mix. 

 The increase in retained stability was found out to be 6% for microsilica modified mix and 11 % for nanosilica modification. 

 There was 7 % increase in the tensile strength for microsilica modified mix and 9 % increase for nanosilica modified mix. 

 The stiffness modulus improved by 29.7 % in microsilica modification and 89.7 % increase in nanosilica modification. 

 It is concluded that pavement modified by nanasilica and microsilica can sustain high loads and unfavouable climatic changes. 
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