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Abstract:- This paper reports the results on the evalua-

tion of mechanical properties of asphalt concrete using 

baghouse dust as filler material. Ordinary Portland ce-

ment and limestone dust are conventional materials used 

as mineral fillers in asphalt production. However, an in-

crease in the cost of these materials in recent times has led 

to some construction companies avoiding their use as 

mineral fillers. Baghouse dust is a waste obtained from 

the screening process of asphalt aggregates in an asphalt 

plant that results in air pollution as these asphalt plants 

emit the wastes into the environment. This project is 

aimed at partially replacing limestone dust; a convention-

al filler material with Baghouse dust at varied propor-

tions to examine its mechanical properties, in order to 

ascertain whether or not it can be suitable as a filler ma-

terial for asphalt concrete production. Twelve (12) num-
bers of asphalt concrete samples were prepared using The 

Marshall Mix Design Method. Varied proportions of 

Baghouse dust at 0%, 10%, 20% and 30% were used to 

examine the various mechanical properties such as bulk 

density, specific gravity, Marshall-stability and flow, voids 

in the mix, voids filled, and the stiffness of the asphalt 

concrete.  
 

The results from this paper will help Civil Engineers in 

the effective cost reduction of filler materials and will also 

further reduce the effect of Baghouse dust waste pollution 

in the environment. 
 

Keywords:- Asphalt, Baaghouse Dust, Filler, Cement, Recy-

cling, Limestone, Fine And Coarse Aggregates 

 

I. INTRODUCTION 
 

Continuous generation of wastes arising from industrial 

by-products and agricultural residue, create acute environ-

mental problems both in terms of their treatment and dispos-

al. The construction industry has been identified as one of the 

areas where these wastes can be absorbed, with the majority 

of such materials used as filler in concrete (Antihos et al., 

2005). If these fillers have pozzolanic properties, they impart 

technical advantages to the resulting concrete and also enable 
larger quantities of cement replacement to be achieved (Hoss-

ain, 2003). Approximate utilization of these materials brings 

ecological and economic benefits. Waste material recycling 

into useful products has been the current method of solving 

waste problems (Ahmed, 2006). Material recycling has been 

a common practice for most of human history with records as 

far back as Plato in 400 BC (Grosse, 2010). Recycling is a 

process to change waste materials into new products to pre-

vent hazards associated with waste, thus reducing the con-

sumption of fresh raw materials, and it also reduces green-

house gas emissions arising from the conventional method of 

disposing of such wastes (Grosse, 2010). Many highway 

agencies are conducting a wide variety of studies and re-

search work on the feasibility, environmental suitability, and 

performance of using recycled products in highway construc-

tion (Ahmed, 2006). Baghouse dust from the primary dust 

collection devices (cyclone collectors) at asphalt mixing 

plants are routinely recycled as all or part of the mineral filler 
portion in Hot Mix Asphalt (HMA) paving mixtures. Since 

these fines are derived from naturally occurring aggregates 

(crushed stone or sand and gravel), their properties are ordi-

narily quite similar to those of commonly used mineral fillers, 

such as stone dust or hydrated lime.  Some industrial wastes 

have been studied for use as supplementary cementing mate-

rials such as fly ash (Siddique, 2004; Wang, 2007; Baxter; 

2007), silica fume (Lee et al., 2005), pulverized fuel ash (Ba-

lendran and Martin Buades, 2000), volcanic ash (Hossain, 

2005), rice husk ash (Waswa-Sabuni, et al., 2002) and corn 

cob ash (CCA) (Adesanya and Raheem, 2011). Elinwa and 

Ejeh (2004) considered the effect of waste incineration fly 

ash in cementing pastes and mortar. Cheah and Ramli (2011) 

investigated the implementation of wood waste ash as a par-

tial replacement for cement in the production of structural 

grade concrete and mortar. Elinwa, et al. (2008) assessed the 

properties of fresh self-compacting concrete containing saw-
dust ash amongst others.  A filler material is that fraction of 

air inert material dust passing the 200-mesh (0.075mm BS 

sieve size) in a bituminous mixture (Csanyi, 1962). The pri-

mary function of filler material is to fill voids in coarser ag-

gregates proportion thus increasing the density, stability, and 

toughness of a conventional bituminous paving mixture. 

Baghouse dust is a much cheaper form of filler material and 

is readily available compared to most of the other fillers. It 

will also limit the problems encountered in the disposal of 

this material, reducing its environmental littering and pollu-

tion impact. If the results obtained comply with   standard 
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aggregate gradation specifications, then it will create a posi-

tive turn up in the use of fillers in bituminous mixture. 

 

II. METHODS 
 

Materials used for this research work was obtained after 

compaction, the mould was inverted with a collar on the bot-

tom, the base was removed and the sample was extracted by 

pushing it out the extractor. 

 

2.1 Laboratory Tests 

 

A. The following tests were conducted on the Bitumen 

60/70: 
Penetration test, Softening point test, Specific gravity 

test, Flash and fire point test. 

 

B. The following tests were conducted on the Coarse Ag-

gregates: 
Specific gravity test, Rate of absorption test, and Abrasion 

test. 

 

C. The following tests were conducted on the Fine Aggre-

gates: 
Specific gravity test, Rate of absorption test, and Abrasion 

test. 

 

D. The following tests  were conducted on the Fillers: 
Specific gravity test and Filler grading test. 

 

E. The following tests  were conducted on the Asphaltic 

Concrete: 
Asphalt compaction test, Marshall-stability test, and 

Aggregate size distribution test. 

 

2.2 Laboratory Tools and Equipment Used 

 

A. The following are the Tools/ Equipment used for Bi-

tumen Test: 
Vicat bitumen penetration test apparatus, flash/fire point ap-

paratus with accessories, specific gravity bottle or pycnome-

ter bottle, laboratory viscometer with accessories. 

 

B. The following are the tools/ equipment used for Coarse 

Aggregates Test: 
Specific gravity bottle or pycnometer bottle, wire mesh 

basket, hand dryer, electronic weighing balance, recommend-

ed sieve set, laboratory oven, water bath, standard sieve set, 

electronic weighing balance, weighing and receiving pans. 

 

C. The following are the tools/ equipment used for Fine 

Aggregates: 
Specific gravity bottle or pycnometer bottle, hand dryer, 

electronic weighing balance, standard sieve set, laboratory 

oven, standard sieve set, quartering pan, weighing and receiv-

ing pans. 
 

D. The following are the tools/ equipment used for Fillers: 
Specific gravity bottle or pycnometer bottle, standard 

sieve set, quartering pan, electronic weighing balance, weigh-

ing and receiving pans.   

 

III. RESULTS 
 

Below are the results of Asphalt mix proportion and 

Test properties for asphaltic concrete treated with Baghouse 

Dust. 

 

Table 3.1: Showing the Trial Mix Proportion by Percentage 

Source: from the author’s analysis. 

 

Table 2. Showing the Trial-Mix Proportion by Weight 

 

 

 

Aggregate in mix 

Weight of Aggregates in asphalt Mix 

Asphalt with 

Mineral Filler 

(g) 

Asphalt with 

10% BHD 

(g) 

Asphalt with 20% 

BHD 

(g) 

Asphalt with 20% 

BHD 

(g) 

5 – 15 mm [1/2 inch] 275 275 275 275 

0 – 5 mm [Fine aggregate] 475 475 475 475 

Mineral Filler: BHD 250: 0 225: 25 200: 50 175: 75 

Bitumen content 55 55 55 55 

Source: from the author’s analysis. 

 

 

 

AGGREGATE IN 

THE           MIX 

 

PERCENTAGES OF AGGREGATES IN ASPHALT MIX 

ASPHALT WITH 

MINERAL FILLER 

(%) 

ASPHALT WITH 

10% BHD (%) 

ASPHALT WITH 20% 

BHD (%) 

ASPHALT 

WITH 30% 

BHD 

(%) 

5 – 15 mm [1/2 inch] 27.5 27.5 27.5 27.5 

0 – 5 mm [Fine aggre-

gate] 

47.5 47.5 47.5 47.5 

Mineral Filler: BHD 25: 0 22.5: 2.5 20.0: 5.0 17.5: 7.5 

Bitumen content 5.50 5.50 5.50 5.50 
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Table 3.2 Showing Marshall Mix Design Properties at 5.50% Optimum Bitumen Content 

ASPHALT PROPERTIES ASPHALT 

WITH MIN-

ERAL FILL-

ER, (0% 

BHD) 

ASPHALT 

WITH 10% 

BHD 

ASPHALT 

WITH 

20% BHD 

ASPHALT 

WITH 30% 

BHD 

SPECIFICATION 

LIMIT FOR 

WEARING 

COURSE 

Bulk Density (g/cm3) 2.27 2.33 2.42 2.48 - 

Specific gravity 2.49 2.48 2.50 2.49 - 

Voids in mix (%) 3.40 3.32 3.10 3.04 3 - 5 

Voids filled (%) 76.12 76.46 78.58 79.88 75 - 82 

Marshall stability (kN) 10.13 10.35 11.85 12.08 3.5 (MIN) 

Flow   /0.1mm 2.43 2.85 3.20 3.55 2 - 4 

Stiffness (kN/mm) 4.17 

 

3.63 

 

3.70 

 

3.40 

 

- 

Bitumen content (%) 5.46 5.48 5.50 5.49 5 - 8 

Source: from the author’s analysis. 

 
Table 4. Showing the Physical Properties of Bitumen 60/70 

Source: from the author’s analysis 

 

IV. DISCUSSION 

 

 
Figure 1: A Graph Showing Relationship between Bulk 

Density and Baghouse Dust. 
 

From Figure 1, it can be observed that there is a geo-

metric increase in the values of the bulk density as individual 

proportions of baghouse dust was introduced to the mix. At 

0% baghouse dust (only quarry dust), the value of bulk densi-

ty was observed to be 2.27g/cm3. At 10% baghouse dust, it 

increased geometrically to 2.33 g/cm3, thus exhibiting a 0.06 
g/cm3 increment. At 20% baghouse dust, it increased geomet-

rically to 2.42 g/cm3, thus exhibiting a 0.15 g/cm3 increment. 

At 30% baghouse dust, there was a geometric increment to 

2.48 g/cm3
, thus exhibiting a 0.21 g/cm3 from the control (0% 

baghouse dust). 

 

 

Bulk density of asphalt is an important property to ex-

amine when determining the quality of asphalt concrete. The 

above relationships show how the increased variation of 

baghouse dust proportions has increased the bulk density of 

the samples. 

 

 
Figure 2: A Graph Showing Relationship between Specific 

Gravity and Baghouse Dust. 

 
From Figure 2, it can be observed that the specific grav-

ity values are gradually increasing and decreasing as individ-

ual proportions of baghouse dust was introduced to the mix. 

At 0% baghouse dust (only quarry dust), the value of specific 

gravity was observed to be 2.49. At 10% baghouse dust, it 
reduced geometrically to 2.48, thus exhibiting a 0.01 de-

crease. At 20% baghouse dust, it increased geometrically to 

2.50, thus exhibiting a 0.01 increment. At 30% baghouse 

dust, the value remained the same as that of control. 
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Specific gravity of asphalt is an important property to 

examine when determining the quality of asphalt concrete. 

Hence, baghouse dust has minimal/negligible influence on 

the asphalt Specific gravity property. 

 

 
Figure.3 A Graph Showing Relationship Between Voids in 

Mix and Baghouse Dust. 

 
From Figure.3, it can be observed that there is a geo-

metric decrease in the values of the voids in the mix as indi-

vidual proportions of baghouse dust was introduced to the 

mix. At 0% baghouse dust (only quarry dust), the value of 

voids in the mix was observed to be 3.40%. At 10% baghouse 

dust, it reduced geometrically to 3.32%, thus exhibiting a 

0.08% decrease. At 20% baghouse dust, it decreased geomet-

rically to 3.10%, thus exhibiting a 0.30% decrease. At 30% 

baghouse dust, the value decreased further to 3.04%, thus 

exhibiting a 0.36% decrease in voids. 

 
Voids in the asphalt mix is an important property to ex-

amine when determining the quality of asphalt concrete. 

Voids in the mix indicate the degree of moisture and air sus-

ceptibility. From the test results it was observed that an in-

creased proportion of baghouse gave a geometric reduction in 

the voids in the asphalt concrete mix as the voids in the mix 

got filled with the filler-baghouse dust ratio, thus, resulted in 

high resistance to moisture and air susceptibility. 

 

 
Figure 4: A Graph Showing Relationship between Voids 

Filled and Baghouse Dust. 

 
From Figure 4, it can be observed that there is a geo-

metric increase in the values of the voids filled as individual 

proportions of baghouse dust was introduced to the mix. At 

0% baghouse dust (only quarry dust), the value of bulk densi-

ty was observed to be 76.12%. At 10% baghouse dust, it in-

creased geometrically to 76.46%, thus exhibiting a 0.34% 

increment. At 20% baghouse dust, it increased geometrically 

to 78.58%, thus exhibiting a 2.46% increment. At 30% 

baghouse dust, there was a geometric increment to 79.88%, 

thus exhibiting a 3.76% from the control (0% baghouse dust). 

 

Voids filled is a complementary substitute of voids in 
the mix as these voids get filled by baghouse dust. Voids 

filled in the asphalt mix is an important property to examine 

when determining the quality of asphalt concrete. The above 

relationships show how the variation of baghouse dust pro-

portions has geometrically increased the voids filled in the 

mix of the samples, thus, resulted in high resistance to mois-

ture and air susceptibility. 

 

 
Figure.5: A Graph Showing Relationship Between Mar-

shall-stability and Baghouse Dust. 
 

From Figure 5, it can be observed that there is a geo-

metric increase in the values of the Marshall-stability as indi-

vidual proportions of baghouse dust was introduced to the 

mix. At 0% baghouse dust (only quarry dust), the value of 

Marshall-stability was observed to be 10.13kN. This value is 

above ASTM D 1559 minimum specification of 8kN, hence it 

was adequate. At 10% baghouse dust, it increased geometri-

cally to 10.35kN, thus exhibiting a 0.22kN increment. At 20% 

baghouse dust, it increased geometrically to 11.85kN, thus 
exhibiting a 1.72kN increment. At 30% baghouse dust, there 

was a geometric increment to 12.08kN, thus exhibiting a 

1.95kN increment from the control (0% baghouse dust). 

 

Marshall-stability of asphalt is an important property to 

examine when determining the quality of asphalt concrete. 

The above relationships show how an increment in the pro-

portions of baghouse dust increases the Marshall-stability of 

the asphalt concrete. The more the stability value, the more 

the strength of the asphalt concrete. 

 

 
Figure 6: A Graph Showing Relationship between Flow 

and Baghouse Dust. 
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From Figure 6, it can be observed that there is a geo-

metric increase in the values of the flow as individual propor-

tions of baghouse dust was introduced to the mix. At 0% 

baghouse dust (only quarry dust), the flow value was ob-

served to be 2.43mm. At 10% baghouse dust, it increased 
geometrically to 2.85mm, thus exhibiting a 0.42mm incre-

ment. At 20% baghouse dust, it increased geometrically to 

3.20mm, thus exhibiting a 0.77mm increment. At 30% 

baghouse dust, there was a geometric increment to 3.55mm, 

thus exhibiting a 1.12mm increment from the control (0% 

baghouse dust). 

 

The flow of asphalt is an important property to examine 

when determining the quality of asphalt concrete. The more 

the flow value, the more the flexibility of the asphalt concrete 

(and the lesser the stiffness of the asphalt). Observation from 

the test result reveals that an increment in the proportions of 

baghouse dust resulted in a geometric increment in the flow 

values of the asphalt concrete. 

                             

 
Figure.7: A Graph Showing Relationship between Stiff-

ness and Baghouse Dust. 

 

From Figure 7, it can be observed that there was a re-

duction in the flow values at increased proportions of 
baghouse dust. It is to be noted that as the stiffness value re-

duces, the higher the asphalt’s resistance to elastic defor-

mation. At 0% baghouse dust, the stiffness value was ob-

served to be 4.17kN/mm. At 10% baghouse dust, it reduced 

geometrically to 3.63kN/mm, thus exhibiting a 0.54kN/mm 

increment in its elastic deformation property. At 20% 

baghouse dust, it reduced geometrically to 3.70kN/mm, thus 

exhibiting a 0.40kN/mm increment in its elastic deformation 

property. At 30% baghouse dust, there was a geometric reduc-

tion to 3.40kN/mm, thus exhibiting a 0.77kN/mm increment  

in its elastic deformation property from that of the control 

(0% baghouse dust). 

 

The stiffness of asphalt is an important property to ex-

amine when determining the quality of asphalt concrete. Ob-

servation from the test result reveals that an increment in the 

proportions of baghouse dust resulted in a geometric incre-
ment in the stiffness values of the asphalt concrete because 

the more the stiffness value, the more the pavement resistance 

to elastic deformation when wheel load is applied. 

 

Generally, an increment in the Filler: Baghouse dust 

proportion resulted in enhanced properties of the asphalt con-

crete mix. 

V. CONCLUSION 
 

A good pavement material should be durable, strong, 

moisture and air resistant, etc. Baghouse dust as condemned 

dust from the screening process of asphalt aggregates at the 
dust collection units (cyclone) of asphalt plants recycled into 

bituminous mixes partially replacing conventional limestone 

dust that has been used over the years after analysis, was 

found to have Marshall Properties greater than that of lime-

stone dust only as filler. 

 

Studying the effect of introducing Baghouse dust to par-

tially replace a conventional filler such as limestone dust in 

this project has been of significant importance as there was a 

significant increase in the Marshall properties of the mix. As 

the stiffness values increased, there was a resultant increase in 

the resistance of the material to elastic deflection under wheel 

loading. Counteracting the effect of wheel loading on the 

asphalt pavement is a dominant feature in the durability of 

pavement material. Rutting of road pavements is a result of 

low stiffness value. Several properties are of significant im-

portance in the service life of a road pavement material, such 
as Marshall Stability and flow which ensures that the pave-

ment is of sufficient strength and flexibility respectively. Al-

so, voids filled counteracts the possibility of moisture and air 

penetration into the pavement membrane thus, maintaining a 

durable pavement material. Properties such as bulk density 

and specific gravity are insignificance as they seldom affect 

the asphalt pavement service life. 
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