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Abstract— Bitumen, in its natural form, possesses good qualities to be a binder in the mix for laying flexible pavements. Still 
there are so many studies undertaken to improve the properties of bitumen; different additives are also being tried. The tannery 
waste is one of them. Many additives like Polythene, Glass Fibres, Coir Fibres, Sisal Fibres, etc are used in Hot Mix Asphalt in 
various proportions for developing High Performance Bituminous Mixes. In this study, properties of buffing dust, bitumen and 
aggregates have been carefully studied, recorded and tabulated after testing the buffing dust, trimming waste, bitumen and 
aggregates based on the MoRTH guidelines. Marshall specimens of bituminous concrete with and without buffing dust were 
prepared as per the standard procedure laid down.  
 
Index Terms— Bitumen, Buffing dust, MoRTH , Tannery waste  
 
I. INTRODUCTION   
 
A. General 
Buffing dust is a solid waste generated from leather 
industry. It is obtained during tanning process while 
shaving the hides to required thickness. They are fine 
particles and also contain chromium. Current practice 
of dumping in vacant site causes severe health and 
environmental hazards.  
 
In the present work, an attempt has been made to 
dispose of the buffing dust by encapsulating it with the 
binding material used in road construction without 
compromising the nominal performance of the 
pavement. Warm mix additive (Sasobit) when added 
will reduce the working temperature, so it prevents 
decomposition at high temperature while adding 
buffing dust. (Proteinicious material).  
 
The property of bitumen or bituminous mixes can be 
improved by adding certain additives called Modifiers 
and the bitumen premixed with modifier is called 
Modified Bitumen. Use of modified bitumen in top 
layers of pavement is expected to enhance the life of 
surfacing. In this study, Styrene Butadiene Styrene 
(SBS) is used as a modifier in different proportions. 
SBS is a hard rubber used in the production of soles of 
shoes, tire treads and in places where durability is 
important.  

 
B. Need for the study 
Every 100 tons of leather generate 2.5-3.5 tons of 
Chrome Shaving/Buffing dust as waste, which is 
currently under-utilized for leather board making or 
widely wasted in the name of landfill which ultimately 
pollutes the soil as well as ground water owing to its 
chromium content. Such chrome shavings can be 
utilized as filler in bituminous mix for road 
construction, the disposal problem of Chrome Shaving 
will be solved.  

 
C. Objectives 
 To investigate the performance of leather waste 

and SBS modified bituminous mix compacted by 
Marshall Compactor. 
 To measure the mechanical properties of 

bituminous concrete by using performance based 
tests with respect to 

Stiffness Modulus Test 
Indirect Tensile Strength Test 

 To find out the other properties by conducting 
Fatigue and Rutting test and then comparison has 
been made between Conventional and Modified 
mix. 
 

D. Limitations 
Exposure of buffing dust to higher temperature may 
result in loss of some volatile materials and also there 
is a possibility of decomposition.  
The dosage of warm mix additive should be limited 
based on the earlier studies, as over dosage of it may 
lower the viscosity of binder  
 
II.REVIEW OF LITERATURE 
 
A. General 
The review of literature focuses on the past research 
studies that were conducted to determine the 
characteristics of leather waste, its disposal methods, 
effect of usage of leather waste in pavement as 
bitumen modifiers, and to determine the optimum 
quantity which will increase the strength of pavement 
without harming the environment. 

 
B. Literature Review 
Rajaram. J. et. al (2009) has studied the characteristics 
and the application of Leather Particulate – Polymer 
Composite. India alone produces, more than 960 MT 
of solid wastes from various industrial and domestic 
operations and dumping of these wastes in wastelands 
pose severe environmental threat. Proper recycling of 
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these wastes would certainly save the energy and 
conserve the resources. The Physio Chemical 
characteristics of the chrome shavings and buffing 
dust (Fig. 1) are given in Table.I. The study reveals 
that these polymer composites play a significant role 
in replacing the conventional polymers and finds 
immense application in various fields.  
 

 
Fig 1. Images of buffing dust and chrome shaving 

 
 

Table I. Chemical characteristics of chrome 
shavings & buffing dust 

 
Source: Rajaram. J.et. al (2009) 

 
Ozgunay. H. et. al (2007) has studied the 
characteristics of leather waste by chemical analysis. 
Chromium traces found in sole leather shaving and 
buffing wastes were associated with the contamination 

of wastes, since chrome is not used as the main tanning 
substance in sole leather production. Chromium has 
two important oxidation states: trivalent (Cr+3) and 
hexavalent (Cr+6). Trivalent chromium is of low 
toxicity and is an essential trace ion necessary for 
several biological activities, whereas hexavalent 
chromium is of high toxicity. Tannery wastes 
normally contain only trivalent chromium.  On the 
other hand, about 90% of hides/skins in the world are 
still tanned with chrome, because other tanning 
materials fail to give the leather a high hydrothermal 
stability and other useful properties that chrome 
provides. 
 

Table II. Wastes obtained from leather industry 
during processing 

 
              Source: Achi. SS.et. al (2012) 
 
C. Observations from Literatures 
From the above literatures, it has been obtained that 
the use of polymer modified bitumen (PMB) to 
achieve better pavement performance has been studied 
for a long time. The properties of PMB are dependent 
on the polymer characteristics and content as well as 
the bitumen nature. Polymer that used to modify 
bitumen for road applications is divided into two main 
basic types namely, plastomers and elastomers. 
Plastomers such as Polyvinyl chloride (PVC), 
Ethyl-vinyl-acetate (EVA) and Ethylene propylene 
(EPDM) are typically used to modify bitumen by 
forming a tough, rigid, three-dimensional network to 
resist deformation. Elastomers such as Sstyrene 
Butadiene Rubber (SBR) and Styrene Butadiene 
Styrene (SBS) have a characteristically high elastic 
response and therefore, resist permanent deformation 
by stretching and recovering their initial shape, also it 
exhibits increased tensile strength with elongation and 
have the ability to recover to the initial condition after 
an applied load is removed. Hence it is observed that 
among these elastomers, SBS (Styrne Butadiene 
Styrene) is selected due to its high elastic recovery 
property. Sasobit, warm mix additive is used to reduce 
temperature and to overcome environmental 
problems. 

 
III.METHODOLOGY 
 
A. General 
Based on the review of literature the methodology is 
formulated. To achieve the objectives, different 
proportions of SBS and buffing dust are added and 
tested for various performance indices. 
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In this study, SBS (Styrene Butadiene Styrene) and 
buffing dust was blended with bitumen to have a 
modified binder and tested for the development of 
high strength bituminous mixtures in highway 
pavement. The encapsulation of buffing dust with 
modified binder gives a technique to dispose it without 
polluting the environment and give a safe secured 
solution to leather industry. 

 
B. Materials Used 
 Warm Mix additive - Sasobit 
 Sasobit is a fine crystalline long chain aliphatic 
polymethylene hydrocarbon produced from natural 
gas. The sasobit used in this study is in pastille form of 
size 4mm diameter.  
 

 
Fig 2. Sasobit added to the bitumen 

 
 Buffing dust 
 Buffing dust is in the form of fine particles 
generated as leather industry waste. It is a proteinous 
solid with chromium, synthetic fat, oil, tanning agents, 
and dye chemicals. 

 

 
Fig 3. Buffing dust collected from leather industry 
 
 Styrene Butadiene Styrene (SBS) 

Poly(Styrene-Butadiene-Styrene), or SBS, is a 
hard rubber that is used in the production of soles of 
shoes, tyre treads, and in other places where durability 
is important. It is a type of copolymer called a block 
copolymer.  

 
 Bitumen 
 The bitumen used in this study is VG 30 grade 
bitumen which is the most commonly used for road 
construction in India. It was tested for its property after 
adding SBS, Sasobit and buffing dust to it at varying 
proportions. 

 Aggregate 
The aggregates used in this study were collected 

from various quarries near Chennai.  
 

C. Blending of Bitumen 
 Buffing dust with VG 30 grade of bitumen and 
warm mix additive 
 Sasobit, a warm mix additive is blended with 
conventional VG 30 grade of bitumen at dosage of 3% 
by weight of bitumen at the temperature of 120° C, 
110° C and 100° C respectively for a period of 1 hour.  
 With the above blend, buffing dust is blended at a 
dosage of 1% by weight of bitumen at the temperature 
of 100° C for a period of 1 hour. 
 
  Buffing dust with SBS Modified bitumen and 
warm mix additive 
 Initially, warm mix additive is blended with SBS 
at dosage of 5%, 6% and 7% by weight of bitumen at 
the temperature of 120° C, 110° C and 100° C 
respectively for a period of 1 hour.  
 In addition to the above each blend, buffing dust 
is blended at a dosage of 1% by weight of bitumen at 
the temperature of 100° C for a period of 1 hour. 
 
D. Tests Conducted 
 Marshall Test 
Marshall Stability of a test specimen is the maximum 
load required to produce failure when the specimen is 
preheated to a prescribed temperature placed in a 
special test head and the load has been applied at a 
constant strain (5 cm per minute). The deformation at 
the failure point is called the Marshall Flow value of 
the specimen. The Marshall testing machine is shown 
in Fig. 4 

 

 
Fig 4. Marshall Testing machine 

 
 Indirect Tensile Strength Test 
The tensile characteristics of bituminous mixtures 
have been evaluated by loading the Marshall specimen 
along a diametric plane with a compressive load at a 
constant rate acting parallel to and along the vertical 
diametrical plane of the specimen through two 
opposite loading strips. The static indirect tensile 
strength of a specimens have been determined using 
the procedure outlined in ASTM D 6931.  



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092, Volume- 3, Issue-8, Aug.-2015 

Design Of High Performance Bituminous Mix Using Tannery Waste 
 

110 

 
Fig 5. Indirect Tensile Strength Test 

 
 Beam Fatigue Test 
The FPB fatigue tests have been performed at a 
frequency of 10 Hz and at a temperature of 20 ºC 
under the controlled-strain mode of loading which is 
more preferred for thin flexible pavements such as 
bridge deck pavements where the elastic recovery 
properties of the material can affect its fatigue life.  
 

 
Fig 6. Beam Fatigue Test 

 
 Rutting test 
Rutting test was conducted using Immersion Wheel 
Tracking Equipment (IWTE) at Highways Research 
Station.  This test was used to determine the effects of 
rutting by moving a hard moulded rubber wheel on the 
bituminous concrete surface and the procedure is 
described in BS 598: Part 110: 1998.  
 
 Stiffness Modulus test 
In this study, an UTM-100 machine capable of 
applying 100 kPa of loading is used. The machine has 
an environmental chamber that can provide condition 
temperatures between -10 ⁰C and 60 ⁰C.  

 

 
Fig 7. UTM machine 

IV. RESULTS AND DISCUSSION 
 

A. Aggregate Test 
Series of test has been carried out to ensure the 
suitability of aggregate to be used in the mix design.  
 

Table III. Aggregate Test Results 

 
Source: Laboratory test 
  
B. Bitumen Test 
The properties of both conventional and modified 
bitumen like penetration, softening point and ductility 
are tested in the laboratory as per Indian Standard 
Specifications.  

 
Table IV. Laboratory Test Result for Conventional 

and Modified binder 

 
 Source: Laboratory test 
 
C. Mix Design 
The mix used in this study is a bituminous concrete 
mix and is done as per Marshall Method of mix design 
as per MoRTH  grading I (50 mm thick using 19 mm 
nominal size of aggregate). The gradation adopted is 
within the limits specified in MoRTH and is given in 
Table V. 
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Table V. Gradation of Aggregate 

 
Source: MoRTH, 2013 

 
Apart from conformity with the grading and quality 
requirements for individual ingredients, the mix shall 
meet certain requirements as specified by Ministry of 
Road Transport and Highways. The specifications are 
given in Table VI 

 
Table VI. Requirements for Bituminous Concrete 

 
Source: MoRTH, 2013 

 
The mix used in this study is a bituminous concrete 
mix of grading I. Approximately 1200gm of 
aggregates and filler is heated to a temperature of 150° 
C to 170°C. Bitumen was heated to a temperature of 
150 to 165° C for VG 30 and 100°Cfor Modified 
Bitumen with the first trial percentage of bitumen(5%) 
to the heated aggregates and thoroughly mixed at 
temperature of 150°C to 165°C for VG 30 and 
120°Cfor Modified Bitumen. The mix was placed in a 
preheated mould and compacted by a rammer with 75 
blows on either side at temperature of 90°C. By 
varying the bitumen content in the next trial by +0.5% 
and the above procedure was repeated.  

 
 

D. Volumetric Analysis 
The volumetric analysis, Marshall Stability and flow 
values of conventional and modified mix are shown in 
Table VII and VIII. 

Table VII. Marshall Stability value, Flow value 
and volumetric analysis for conventional mix using 

VG-30 

 
 

Table VIII. Marshall Stability, flow value and 
Volumetric Analysis for modified mix (PG 88) 

 
Source: Laboratory test 
 
Optimum bitumen content 
The optimum binder content for the mix design is 
determined by taking average value of the Binder 
content corresponding to maximum stability, 
maximum bulk specific gravity and the median of 
designed limits of percent air voids (Vv) in the total 
mix(i.e. 4%). 
The graph for binder with VG-30 grade of bitumen, 
sasobit, SBS and buffing dust are shown below. In 
Fig.8 shows the curve of Binder content vs Bulk 
specific gravity and from which the binder content 
corresponding to maximum bulk specific gravity is 
5.5%. 
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Fig 8. Binder content vs Bulk Specific Gravity 

 
From the graph of Binder content vs Stability shown in 
Fig.9 , it is clear that the binder content corresponding 
to maximum stability is 5.41% for Modified Mix and 
5.5% for conventional mix. Also the maximum 
stability is attained at the dosage of 2% sasobit, 5% 
SBS and 1% buffing dust. 
 

 
Fig 9. Binder content vs Stability 

 
The graph for Binder content vs Air voids shown in 
Fig.10 reveals that the Binder Content corresponds to 
4%air voids is 5.48% for conventional mix and 5.38% 
for Modified Mix 
 

 
Fig 10. Binder content vs Airvoids 

 
Due to addition of warm mix additive, the mixing and 
compaction temperature can be reduced up to 30% 
which in turn saves energy. 
The modified mix is found to have maximum stability 
of 17 kN at 5.43% optimum binder content. 
The addition of buffing dust and SBS has proved to 
improve important parameters like stability. So the 
modified mix is better than the conventional mix. 
 
E.  Indirect Tensile Strength (ITS) 
As per MoRTH 2013, the minimum tensile strength 
ratio required for the mix with modified bitumen is 
80%. The result shows 87% that the mixture will 

perform well with a good resistance to moisture 
damage and creep.  

 
Table IX. Indirect Tensile Strength Test Result 

 
Source:HRS, Guindy 

 

 
Fig 11. Tensile Strength Ratio 

 
F. Stiffness Modulus Test  
This testing method used cylindrical specimens 
prepared in the laboratory. The standard target 
parameters pertaining throughout testing were as 
follows:  

 Test temperature: 25oC, 40°C 
 Rise time: 124 ± 4 ms  
 Horizontal deformation: 5±2µm  
 Poisson’s ratio: 0.35  

Prior to testing, all specimens are stored in a 
conditioning cabinet at the test temperature of 25oC / 
40°C for at least two hours. 

 
Table X. Stiffness Modulus Test Results 

 
 

 
Fig 12. Stiffness Modulus 
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In Indirect Tensile Strength test, Tensile Strength 
Ratio for modified mix has increased by 6% compared 
to that of conventional mix.  
In stiffness modulus test, increase in temperature has 
reduced the stiffness modulus value. It is found that 
the Stiffness Modulus value of the modified mix is 
41.96% more at lower temperatures and 30% more at 
higher temperatures than those of Conventional mix. 
This shows that modified mix has increased stiffness 
and is suitable for Indian road conditions 
 
G. Beam Fatigue Test  
In fatigue test, Modified mix exhibited excellent 
performance against fatigue. It withstood 200000 
cycles without crack; whereas the conventional 
sample developed crack at 125000 cycles. This shows 
that modified mix has good fatigue resistance and 
improved durability. 
 

 
Fig 13. Images of Fatigue Beam 

 
Table  XI. Flexural Stiffness Results 

 
 
H. Rutting Test 

Table XII. Rutting Results 

 

For asphalt pavements, rutting is one of the most 
serious forms of pavement distress, and severe rutting 
is a significant cause of pavement failure. 
Rutting refers to permanent deformation of the asphalt 
surface that accumulates in the wheel paths. It is 
primarily the result of repeated traffic loading cycles. 
Rutting may be accompanied by fatigue cracking and 
other distresses, making it a serious concern and 
potential indicator of pavement failure. The stability of 
the asphalt mix is an important element in its ability to 
resist rutting and thus a key factor to evaluate. 
 

 
Fig 14. Rutting Test 

 

 
Fig 15. Rutting Depth Comparison graph 

  
In rutting test, the rut depth of Modified mix sample is 
less by 55% than that of Conventional mix at 20000 
cycles. 
 
CONCLUSION 
 
The mixture made of modified bitumen has improved 
performance indicators like density, stability, flow, 
tensile strength, fatigue, stiffness modulus and rut 
depth. The pavement laid using the mixture would 
perform well under various climatic conditions in 
India. 
This approach would give an effective solution for the 
problem of disposal of solid waste generated from 
leather industry. The use of warm mix additive in the 
preparation of bituminous mixture would bring down 
the fuel requirement and produce positive impact on 
the environment. 
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