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Abstract:  

Bituminous materials are extensively used for pavement construction, primarily because of their excellent binding characteris tics, 

water proofing properties and relatively low cost  But In bitumen concrete mix the strength of bitumen concrete depends on al l the 

constituent materials that are used in the mix design i.e. bitumen, coarse aggregate, fine aggregate and filler. Above all th e bitumen  

concrete is prepared by bitumen and mineral aggregates. Therefore, there is a need to exp lore the use of various types of waste 

materials like Slag, fly ash, stone dust, brick dust GGBS and steel slag etc. Cement, Brick dust and GGBS is used in bituminous 

concrete mix due to its physical properties i.e. gradation, specific gravity, durability, moisture content, very ha rd and abrasion 

resistant. Therefore there is an increase in  the values of Marshall Stability, Flow value and Bulk density in bituminous concrete mixes 

by using fillers Cement, GGBS and Brick Dust 

 

I.INTRODUCTION 

 

I.1General  

 

A filler defined as that fraction of an inert mineral dust having 

particle size less than 75µ in a bituminous mixture can perform 

several functions. One function is that of filling voids in  coarser 

aggregates, which increases the density, stability, and toughness 

of a conventional bituminous paving mixture. Another is the 

creation of filler-asphalt mastic in which the particles of dust 

either may be ind ividually coated with asphalt or are 

incorporated into the asphalt in mechanical and colloidal 

suspension. These forms of mastic are produced by special 

processes, such as cooking, atomized asphalt, and foamed 

asphalt. In paving mixtures the mastic serves as the cementing 

agent. The effect of fillers in conventional-type mixes is 

pronounced. Excess quantity of filler tends to increase stability, 

brittleness, and proclivity to cracking. Deficiency of filler tends 

to increase void content, lower stability, and soften the mix. In 

mastic mixes the quantity of filler used is not crit ical. When 

filler particles are indiv idually  coated with thin films of asphalt, 

strong, stable, tough mixes may  be prepared composed of 100 

percent filler with 20 to 25 percent of asphalt. In  recent years, 

many countries have experienced an increase in t ruck tyre 

pressures, axle loads and traffic volumes. If the tyre pressure 

and axle load increases then the top layer of the pavement 

surface is exposed to higher stresses. High density of traffic in 

terms of commercial vehicles, overloading of trucks and 

significant variat ions in daily and seasonal temperature of 

pavements have been responsible for development of d istress 

like raveling, undulations, rutting, cracking, b leeding, shoving 

and potholing of bituminous surfaces. Suitable material 

combinations with bituminous binders have been found to result 

in longer life for wearing courses depending upon the 

aggregates used (Mladen Fistri 2010). Bituminous concrete is 

strong enough to handle the traffic with h igher axle loads as 

compared to  other mixes and is easy to repair or refin ish. The 

sources of good quality mineral aggregate are depleting due to 

large-scale road infrastructure projects in India. Therefore, there 

is a need to exp lore the use of various types of fillers like Fly 

ash, GGBS, lime, brick dust etc. which can be used in road 

construction. Among all the civ il engineering sectors, it is found 

that the highway sector has a great potential to use sufficient 

quantities of these, however the laboratory and field 

performance studies should be carried out to check the 

suitability of these materials in road construction. Different 

types and quantity of filler have an effect on the performance of 

asphalt-concrete mixture. Filler provides better resistance to 

micro  cracking  so that it can increase the fat igue life of asphalt-

concrete mixture. Structural characteristics of asphalt-concrete 

mixture are improved by using hydrated lime and phosphor 

gypsum as filler material. Significant improvement in fatigue 

life of the asphalt-concrete mixtures can be obtained by using 

fly ash, brick dust, GGBS, cement etc. cement  and GGBS as 

filler on the asphalt-concrete mixture enhances the mechanical 

properties of the mix, and the laboratory results indicate that the 

cement dust and GGBS can totally rep lace limestone powder in 

the asphalt paving mixture. 

 

1.2GGBS  

 

Blast furnace slag (BF slag) is an  industrial by-product 

produced during the manufacture of iron by chemical reduction 

in a blast furnace. Approximately 4 million tonnes of BF slag is 

produced annually in the UK and used either as construction 

aggregates or as a cementitious binder in  the form of ground 

granulated blast furnace slag (GGBS). The BF slag is formed in 

a continuous process by the fusion of limestone (and/or 

dolomite) and other fluxes with the ash from the carbon source 

(coke) and the non-metallic components of the iron ore. The 

slag floats on the surface of the molten iron and is subsequently 

drawn off and allowed to cool to produce a semi-dense porous 
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crystalline material (light weight aggregate) known as air 

cooled blast furnace slag. 

 

1.3GGBS PROPERTIES  

The basic guidelines of requirements for GGBS if it  has to be 

used in pavement construction are: 

Gradation: GGBS are used in bituminous mix must meet the 

same graduation requirements as specified by the code of 

practice for the conventional aggregate.  

 

Specific Gravity: Due to the relatively medium specific gravity 

(2.0-2.4), GGBS can be expected to yield a higher density 

product compared with that of conventional mixes. Bulk 

densities are 15 to 25 percent greater than most conventional 

mixes (Australian Slag Association Inc 2002).  
 

 
Moisture Content: The relat ively rough surface texture of 

GGBS increases the chances of presence of moisture on the 

surface of GGBS. So  According to ASA, to minimize d rying 

requirements and to avoid the hydration reactions, GGBS 

aggregate’s moisture content should be limited to 5% prior to 

use in bituminous mix. The moisture content of the GGBS 

aggregate after drying should not be greater than 0.1 percent. 

 

Frictional Properties: Polished Stone Values (PSV) and 

Aggregate Abrasion Values (AAV) as tested by FHWA indicate 

that GGBS exhibits superior frict ional resistance property. The 

high frict ional resistance, as well as the abrasion resistance of 

GGBS is useful in constructing the roads in places such as 

industrial roads, intersections and parking which are subjected 

to heavy loads. 

 

Table.1. GGBS properties  

S.NO Property Result 

1 Specific Gravity  2.2 

2 Bulk density 570kg/m
3  

3 size 75µ 

4 Surface area  200m2/kg  

5 Sio2 (90-96)% 

6 Al2O3 (0.5-0.8)% 

 

II.MATERIALS  

2.1 Binder 

Bitumen of v iscosity grade 30 (VG-30) is used as a binder in 

the present study. The bitumen should not be highly 

temperature susceptible, because during the hottest weather the 

mix becomes too soft and during cold weather the mix becomes 

too brittle, which leads to the initiation of cracks. The viscosity 

of the bitumen at the time of mixing and compaction should be 

adequate. This can be achieved by heating the bitumen and 

aggregates prior to mixing. There should be adequate affinity 

and adhesion between the bitumen and aggregates used in the 

mix. Hence in order to assess properties of bitumen, the basic 

tests are conducted according to the IS 73-2013. The results are 

presented in Table. 

 

Table.2. binder  

S.No Test particulars 
Test 

Results 

Requirements as  

per IS 73:2013 

1 
Penetration at 

25°C, mm 
67.0 50-75 

2 
Softening point, 
o
C 

58.4 47-57 

3 Flash point, 
o
C 265.0 Min 220 

4 Fire Po int, 
o
C 296.0 Min 220 

5 
Ductility at 27 

o
C, 

m 
9.5 Min 7.5 

6 Specific gravity  1.05 Min 0.99 

 

2.2Fillers 

Cement brick dust mix, and GGBS less than 0.075 mm size 

sieve were used as filler in  the bituminous mixes for 

comparison and economical point of v iew. Tests were 

performed to determine the specific grav ity, water absorbtion of 

filler cement, GGBS, brick dust, according to the procedures 

specified by AASHTO and given in Table  

 

Table .3. Fillere 

S.NO FILLER TYPE SPECIFIC 

GRAVITY 

AASHTO 

1 CEMENT 3.2 T-85 

2 GGBS  1.05 T-85 

3 BRICK DUST 2.76 T-85 

 

3.3AGGREGATE 

Aggregate plays an important role in  the performance of 

bituminous mix. In  bituminous mix, aggregates constitute about 

90 to 95 percent by weight and comprise 75to 85 percent by 

volume. Aggregate main ly consisting of both coarse and fine 

aggregates (coarse aggregate of 14.2 mm to 2.36 mm and  fine 

aggregates of 2.36 mm to 75µ) are used. Coarse aggregates 

offer compressive and shear strength and shows good 

interlocking properties and the fine aggregates fills the voids 

present between the coarse aggregates. The fo llowing  tests are 

conducted on coarse aggregates and the results are presented in 

Table  

 

Table .4. Test Results on Aggregates  

S.No  Test Particulars 
Test result 

obtained 

Test conducted as 

per 

Requirements as per 

MORT&H V revision 

Specifications 

1 Aggregate impact value, % 19.50% IS:2386 Part (IV) Max 24% 

2 Los Angeles abrasion value, % 26.34% IS:2386 Part (IV) Max 30% 

3 
Flakiness Index , % 10458% IS:2386 

 Part(I) 

Max 15% 

Elongation Index, % 12.11% Max 20% 

4 Water absorption, % 0.27% IS:2386 Part (IV) Max 2% 

5 
Aggregate specific 

Gravity  

Coarse aggregate 2.75 
IS:2386 Part (III) Min 2.5 

  Fine aggregate 2.55 
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Aggregate gradation 

 

Gradation is one of the important properties of the aggregate, as 

the stability of the mix is dependent on the gradation of the 

aggregate. The stability of the b ituminous mix increases with 

the decrease in the air voids of the mix. Therefore it is necessary 

to choose the grain size distribution of the coarse and fine 

aggregate in the mix so as to get the maximum density. 

aggregate gradation for bituminous concrete mix is adopted for 

the study as per Table 500-19 of MoRTH (V rev ision) and is  

given in Table  

 

           Table .5. Aggregate gradation 

S.N

O 

Sieve 

size, 

mm 

%  passing, as per MORT&H (V 

Revision) 

Specified Mid Limit 

1 19 100 100 

2 14.2 79-100 89.5 

3 9.5 70-88 79 

4 4.75 53-71 62 

5 2.36 42-58 50 

6 1.18 34-48 41 

7 0.6 26-38 32 

8 0.3 18-28 23 

9 0.15 12-20 16 

10 0.075 4-10 7 

 

III.MARS HALL METHOD OF MIX DES IGN 

MARS HALL S TABILITY TES T 

 

Marshall Test is carried out to determine the stability of 

bituminous concrete mix with cement, brick dust, and GGBS. 

The tests are carried out by adding filler GGBS , brick dust and 

cement at 5% The Optimum Bitumen Content is the average of 

the bitumen content at maximum stability, maximum bulk 

density and at 4% air voids. The optimum bitumen content for 

the mix design is found by taking the average value of the 

following three bitumen contents found from the graphs of the 

test results. 

i. Bitumen content corresponding to maximum stability  

ii. Bitumen content corresponding to maximum Bulk density 

iii. Bitumen content corresponding to the median of the 

designed limits of percent air voids in total mix (4%) 

 

Marshall properties of bi tuminous concrete mix Marshall 

properties of bituminous concrete mix (Grad ing-2) are 

determined. The results obtained at 4.5%, 5%, 5.5% and 6% 

bitumen content are presented in Fig. 

Table.6 .Marshall properties of Bituminous Concrete mix 

prepared by using cement as filler at OBC 

S.

No 

Marshall 

properties 

Test 

results 

obtaine

d 

Requirements as 

per Table 500-10 of 

MORT&H (V 

revision) 

Specifications  

1 

Optimum 

Bitumen Content, 

% 

5.64 Min 5.4 

2 
Marshall 

Stability,kg  
1550.01 Min 900 

3 Flow, mm 2.5 2.0 – 4.0 

4 Air Voids (VV), % 4.12 4.0 – 5.0 

5 VMA, % 18.06 Min 14 

6 VFB, % 73.52 65-75 

 

Table.7 .Marshall properties of Bituminous Concrete mix 

prepared by using GGBS as filler at OBC 

S.No 
Marshall 

properties 

Test 

results 

obtained 

Requirements as  

per Table 500-10 

of MORT&H (V 

revision) 

Specifications  

1 

Optimum 

Bitumen 

Content, % 

5.9 Min 5.4 

2 
Marshall 

Stability,kg  
1347.01 Min 900 

3 Flow, mm 3.1 2.0 – 4.0 

4 
Air Voids 

(VV), % 
4.015 4.0 – 5.0 

5 VMA, % 16.76 Min 14 

6 VFB, % 73.52 65-75 

7 
Bulk density, 

gm/cc 
2.392 2-3 

 

Table. 8.Marshall properties of Bituminous Concrete mix 

prepared by using brick dust as filler at OBC 

S.No 
Marshall 

properties 

Test 

results 

obtained 

Requirements as per 

Table 500-10 of 

MORT&H (V 

revision) 

Specifications  

1 

Optimum 

Bitumen 

Content, % 

5.85 Min 5.4 

2 
Marshall 

Stability,kg  
1198.59 Min 900 

3 Flow, mm 2.7 2.0 – 4.0 

4 
Air Voids 

(VV), % 
4.35 4.0 – 5.0 

5 VMA, % 15.75 Min 14 

6 VFB, % 72.85 65-75 

 

Marshall properties of bituminous concrete mix  

 Marshall Properties of bituminous concrete mix are 

determined. The results obtained at 4.5%, 5%, 5.5% and 6% 
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bitumen content with using fillers as Cement, GGBS and Brick 

Dust 4% as presented in fig  

 

 

 

 

 

 

Comparison of Marshall properties at OBC for different 

fillers Cement GGBS and Brick Dust 

The results obtained for the Marshall properties of bituminous 

concrete mix, specimens are prepared at Optimum Bitumen 

Content with fillers cement, GGBS and brick dust @ 4% fillers 

effect of on the Marshall properties of bituminous concrete mix 

are shown from Fig  

 

Table .9. OBC for di fferent fillers GGBS 

Type of 

filler 
OBC

, % 

Marsha

ll 

Stabilit

y, kg 

FlOw

, mm 

Air 

Voids

, % 

VFB

, % 

VMA

, % 

CEMEN

T 
5.64 1505 2.40 4.20 

74.5

2 
17.16 

GGBS 5.60 1525 2.90 4.70 
73.2

6 
17.60 

Brick 

dust 
5.58 1567 3.10 4.51 

74.1

0 
17.41 

 

IV.CONCLUS ION 

 

1. It is observed that bituminous mixes containing Cement , 

GGBS and brick dust as fillers have almost same 

Marshall Properties as those of conventional fillers. 

2. It is observed that with there is increase of bitumen  

content, the Marshall Stability of the mixture also 

increased. Bituminous mixes containing cement as filler 

showed maximum stability of 15KN at 5.64% bitumen  

content. The maximum stability value obtained for the 

mixes containing GGBS and Brick dust as filler were 

13.47KN and 11.98 KN respectively. 

3. Due recycling process brick dust and GGBS may be also 

used as fillers for low traffic pavements  

4. The stability value of cement filler is higher at bitumen  

content of 5.64. so, cement is considered as most 

desirable filler for heavy traffic pavments  

5. With some modification in design mixes, can result in  

utilizat ion of GGBS and brick dust as fillers in  

bituminous pavement, thus save considerable investment 

in construction and partially  solving the disposal of 

wastes as recycling process. 
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