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Abstract— Presently, all over the worlds industrial growth is 

increasing day by day, which is requirement of developed 

society. Industries are necessary need of humans to full fill 

their basic needs. Increasing of industry has many good 

aspects but carry some drawback also, which is most noticed 

that’ industrial waste disposal’. Industrial waste is residue of 

many industrial products. There are many industrial waste 

are coal fly ash, municipal solid waste ash, waste glass, scrap 

tires, spent oil shale, steel slag, marble dust etc. This paper 

will discuss about spent oil shale only. This paper is an 

approach for the utilization of spent oil shale in highway 

construction and what are the effects on pavement behavior 

and physical properties due to spent oil shale is analyzed. It 

was observed that spent oil shale changes strength, stability 

of the pavements. Another main object of this paper is to 

study the environmental impact assessment also. 
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I. INTRODUCTION 

India is a developing country. In past two century there is 

much growth in industry, which is the reason for industrial 

waste and after this a major question is arise in front of 

human `how to dispose it’. These industrial wastes are 

having two major issues which are disposal and 

environmental hazards. In present many engineers and 

environmental researchers are inventing new concept which 

provide a stable and economical approach to dispose of this 

industrial waste. A new trend is adopted by engineers to use 

these industrial wastes as an additives or modifiers in 

highway construction. These modifiers or additives are 

affected the physical properties and rheological properties of 

highway materials and beneficial for environmental aspect 

also. some industrial waste from different industries are used 

as construction materials will be highly desirable and has 

several practical, economic and environmental benefits. 

(Shafigh et al, 2010).Many industrial wastes are  used in 

highway such as coal fly ash, municipal solid waste ash, 

waste glass, scrap tires ,spent oil shale, steel slag, marble 

dust etc. Increased amount of waste materials imposes a 

significant burden on landfills and disposals fields. Oil shale 

is a potential resource to full fill the future liquid fuel needs 

in all over the world. Petrochemical industry is main 

resources’ of spent oil shale. Spent oil shale is a valuable 

engineering material (Winter 2000). 

 
Fig. 1: Oil shale, source: unconventional hydrocarbons, EIS 

information system. 

(Image Courtesy: http://toddneff.com/wordpress 

/2012/02/, 27/09/2012) 

Oil shale is fine grained sedimentary rocks 

containing large amount of organic matter and combustible 

gas can be extracted by destructive distillation. Primary 

product of current oil shale extraction process is semi 

coke.(Kulaots et al 2010).The properties and composition of 

semi coke are determined by the type of fuel and the method 

of low temperature carbonization used. Fine semi coke 

serves as an energy producing fuel. 

 Oil shale (64-67) Semi coke (68) 

Organics 28-43 5-10 

Ash, % 35-46 65-75 

Carbon, % 10-18 30 

Sulphur 1-2 1.5 

Table 1: General characteristics of oil shale and semi coke, 

mass % 

Table Courtesy: Estonian Academy Publishers, 

OIL SHALE 2006, Vol. 23, No.1 

Oil shale can be obtained using any of the two 

methods: underground mining or surface mining. After 

mining, the oil shale is transported for retorting, which 

separates the oil fractions of oil shale from material fraction. 

After retorting oil must be upgraded by further processing 

before it can be sent to a refinery, and the spent shale must 

be disposed. 

A. Major Process Steps in Mining and Surface Retorting 

 
Fig. 2: Source: 2012 oil shale and tar sands programmatic 

EIS information center. 

One of the problems with the effective use of oil shale as 

energy resources is disposal of the solid waste produced 

during hydrocarbon process. Hydrocarbon contaminations 

are the leaking of petroleum from underground storage 

tanks, drilling, treatment activities for exploration and 

production of Hydrocarbons and hydrocarbon waste 

disposal from industry (Tarefder et al. 2003) .materials 

based on Hydrocarbons such as oil shale are disposed in 

rivers and reserve lands. The important issue which is kept 

in mind at the time of development of oil shale industry 

would also have potential social and economic impacts on 

local communities. In present it is observed that spent oil 

shale is used in asphalt concrete in many aspects, which 

have a valuable effect on asphalt concrete. The uses of spent 

oil shale in pavement construction as granular fill and sub 

base (winter 2001). Additive or modifier materials have 

been used in asphalt binders to design or to repair pavement 
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due to the following problems: surface defects, structural 

defects and cracking (Borhan et al 2010).Use of spent oil fly 

ash in the modification of local asphalt mixes. The 

modification efficiency was evaluated by the improvement 

in the performance of prepared asphalt concrete mixes (Asi 

et al 2005). 

II. LITERATURE REVIEW 

Pavement failure has been a serious issue for asphalt 

concrete in all over the world since last two decades. The 

main reason of deformation is poor mix design, low quality 

materials, temperature variations and high traffic loads. 

Deme (1974), denning et al (1981), was observed that the 

properties of bitumen and mixes can be improved by use of 

additives or modifier such as sulfur, industrial waste, 

organic polymers and rubbers [1,3].Turner et al(1991) 

investigated that engineering properties of solid waste, 

which is derived from combustion of spent oil shale. In this 

study index properties, moisture-density relationship, stress-

strain relationship, shear strength were evaluated in 

laboratory.[4].In asphalt concrete rutting, fatigue is 

considered major failure symptoms. Many researchers were 

worked to find causes of failures and how to control it and 

improve the strength and stability properties of asphalt 

concrete. Katamine(2000) was studied about rutting 

performance of pavement and use spent oil shale as a 

modifier. In this study Marshall Design method and the 

immersion wheel tracking were adopted. It was concluded 

that the shale oil binders displayed inconsistent physical 

properties and therefore should be treated before being used 

[6]. another researchers Asi et al(2005)were used spent oil 

fly ash as additive in highway construction and addition of 

fly ash improving the mechanical properties ,strength and 

water sensitivity of the asphalt concrete mixes.[8].Borhan et 

al (2007) worked on used cylinder oil modified cold-mix 

asphalt concrete. Asphalt concrete mixes having different 

percentage of used cylinder oil as a modifier were prepared 

and tested using the Marshall stability, indirect tension test, 

static creep and dynamic creep test. The addition of oil to 

the asphalt has reduced the solvency of maltenes asphalt 

mixture with bitumen containing commercial waxes 

indicating better rutting resistance.[10] The durability is one 

of the important parameter during its service life for any 

structural member. Teo et al(2008) approach for use 

alternative materials such as waste materials and by-

products as building materials in the construction industry. 

Large quantity of oil shale waste has focusing on the 

possible use of this waste as aggregate in structural 

lightweight concrete. Oil shale waste concrete is 

lightweight, significantly reduces the total dead load of a 

structure. This will result in smaller load bearing members 

and a reduction in the size of the foundation.[11].Borhan et 

al(2009) reported that the effects of used cylinder oil in 

asphalt concrete mixes depend on the percentage of use 

cylinder oil used in the mixtures and also on the chemical 

interaction between the use cylinder oil and the asphalt.[12] 

Different filler materials may have different mechanical 

properties in the asphalt mixture. Borhan et al(2010) 

Evaluation of Palm Oil Fuel Ash on Asphalt Mixtures. This 

study showed differential performance levels but displayed 

most resistance to permanent deformation [13]. Zamahari et 

al (2011) reported that old asphalt layer becomes more 

brittle and therefore prone to fatigue cracking that leading to 

the reduced pavement strength and shortened service life 

[16]. 

III. ENVIRONMENTAL ISSUES 

Industrial waste is defined as waste generated by 

manufacturing or industrial waste. These are two types’ viz. 

Hazardous and Non- Hazardous. Hazardous wastes are not 

municipal waste. It has been a problem since industrial 

revolution. Industrial waste may be toxic, ignitable, 

corrosive or reactive. If not properly managed, this waste 

can cause serious health and environmental concern. Species 

die, beaches get polluted and it effects global warming.  

Industrial waste such as spent oil shale on its 

disposal to the ground creates a potential damage to the 

environment. Its waste may account up to 125% of the 

original volume and therefore, affects large areas. The 

wastes scheduled for ground disposal include the waters 

produced during retorting and subsequently separated from 

the shale oil and the spent shale’s remaining after extraction. 

Retort waters contain relatively high concentrations of 

complex, soluble organic components and the spent shale’s 

contain potentially leachable salts and organic pyrolytic 

products. In addition, spent shale’s have erosion potential 

when disposed on the surface and considerable effort is 

being directed to shale management, emphasizing erosion 

control and shale as a growth medium, and revegetation 

methods for establishing salt- and drought-tolerant plant 

species. Following are the conclusions and points to be kept 

in mind regarding the environmental concern: 

1) Stabilization of spent shale oil and reclamation of 

disposal site. 

2) Freeze-thaw conditions and water saturation can result 

in the mass movement of spent shale through slumping 

and sliding. 

3) Since spent shale disposal require water, process 

waters need not be a pollution problem. Therefore, a 

closed system for water seepage at the disposal site 

will prevent pollution by salt transport. 

4) Ground water resources should be delineated to the tri-

state oil shale region. 

5) Proper guidelines establishing pollution control and 

effluent limitations for the industry, monitoring oil 

shale development, obtaining environmental base line 

data and preparing of assessment of total 

environmental impact. 

IV. CONCLUSION 

The growth in various types of industries together with 

population growth has resulted in enormous increase in 

economic activities world-wide. This has resulted in 

tremendous increase in the movement of people and goods, 

causing much stress on roads. in this paper it was clearly 

observed the concept of “utilization of industrial waste in 

highway construction “has strong reason to adopt this in 

pavement engineering. Use of spent oil shale in asphalt 

concrete has potential approach to improve its rheological 

and mechanical properties, higher strength. Out of this other 

most important benefit of spent oil shale used in highway 

construction is reduce environmental impact of industrial 

waste which are very harmful for humans and atmosphere 
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also. Distress symptoms, such as cracking, rutting, etc., are 

being increasingly caused earlier by high traffic intensity, 

over loading of vehicles and significant variations in daily 

and seasonal temperature of the pavement. Investigations 

have revealed that modifiers can be used to improve 

rheological properties of materials to make it more suitable 

for road construction. It is also worth mentioning that, the 

modifier raw-material has been sourced from disposed waste 

spent oil shale. It has been observed that addition of shale 

oil to the conventional binder had increased the solvency of 

the binder, reduced the stability ,decreased softening points, 

increased penetration, improvement in fatigue life and 

provided less ductility and higher the percentage of the oil in 

the oil shale fillers, the ability of the mixes to resist 

deformation is lower. Creep test do not improve the 

performance of modifiers,which does not improve the 

elastic recovery of materials. It was also observed that 

Marshall stability test not a good indicator for measuring 

permanent deformation for asphalt concrete mixtures. The 

heating of spent oil shale produces a strong granular 

material which can be used in place of natural aggregates. 

The optimum use of spent oil shale is as granular fill or as 

an unbound granular sub base. In this report it was clearly 

observed if industrial waste materials are to be successfully 

used in road construction a good result in between economic 

and environmental benefits must be achieved, and which is 

good for humans and healthy society. 
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