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ABSTRACT 
 
 This paper a review with different industrial waste or bi-product materials which are produced in vast 
amount because of the reason that rapid growing today’s world, technology increased so far beyond the normal 
life. Utilization of various industrial waste (Recycled aggregates, Copper slag, fly ashes- class F & C, Different 
Synthetic Fibers, Paper pulp, silica fume, WFS, Metakaolin, Cutting stone waste, Waste tire chip) has been 
widely studied to preserve natural resources and prevent environmental disruption. This paper also studied the 
behavior of concrete at fresh and hardened state. 
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Introduction 
 
 Environmental pollution is the major problem associated with rapid industrialization. Increasing amount of 
industrial by products and wastes are not only difficult to dispose but they also cause serious health hazards. 
Therefore, efforts are to be made for controlling pollution arising out of the disposal of wastes by conversion of 
these unwanted wastes into utilizable raw materials for various beneficial uses. Cement production is 
responsible for around 5% of global CO2 emissions. In order to reduce CO2 emissions, the construction industry 
is focusing on increasing the use of cement substitutes in concrete. Due to increased construction activities, 
availability of natural fine aggregate are depleting by each passing day. In order to reduce dependence on 
natural aggregates as the main source of aggregate in concrete, artificial aggregates generated from industrial 
wastes provide an alternative for the construction industry. There are several types of industrial wastes or by-
products which can be utilized in the concrete either as a replacement of cement or sand. 
 
Materials for Sustainable Concrete: 
 
A. Fly Ash: 
 
 (Rafat Siddique, 2012) They studied on concrete with high volume fly ash and polyester fibres. Beyond 
30% replacement of fly ash for cement shows comparable strength. And abrasion resistance is higher for fly ash 
concrete when compared to non-fly ash concrete. However when fly ash content is increased then compressive 
strength and Abrasion resistance decreases and increase in compressive strength and Abrasion resistance was 
observed with age. Abrasion resistance of concrete was strongly influenced by compressive strength and 
percentage of fly ash content. In high volume fly ash concrete when fibres added then Marginal increase in 
Compressive strength.  
 They investigated using high volume class-F fly ash (low calcium) from 0 to 60% by weight of cement. 
Super plasticizers were used to improve the workability at constant w/c ratio. Compressive strength of fly ash 
concrete is lower than reference concrete up to fly ash addition of 60%.  
 (Mucteba Uysal, Veysel Akyuncu, 2012)Here various durability tests have been performed using class C 
and class F type fly ash in which compressive strength is higher for class C type than class F type. Chemical 
composition of C and F type difference occurs in percentage of SiO2 (C-46.38% and F-58.58%) and specific 
gravity for (C-1.84 and F-2.34). The compressive strength C type fly ash of concrete having equal dosage of C 
and F type fly ash for cement is higher. Chloride impermeability of concrete containing C and F type fly ash 
decreases when fly ash content regardless of fly ash type was increased. Sorpitivity of concrete containing C and 
F type fly ash decreases with increase in fly ash. Weight of specimen after freeze-thawing cycles did not show a 
dramatic reduction. Later weight loss of concrete occurred when increases in replacement level of C and F type 
fly ash. After freeze-thawing the flexural strength loss ranges from 5.38 to 29.83% for C and F type fly ash. 
Finally using C and F type fly ash improves the durability. 
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 (Javier Malvar, L., 2007)They studied about pavement failure due to alkali silica reaction using fly ash and 
GGBS to prevent expansion. The reaction between alkali hydroxide in Portland cement and certain siliceous 
rocks and minerals present in the aggregates then alkali silica reaction occurred. Fly ash is added to prevent 
concrete from alkali silica reaction because of their chemical composition and their reaction with aggregates. 
 (Jagadesh. Sunku, 2006)They investigated about the usage of fly ash in fiber cement sheets in which the fly 
ash is calcium enriched using additives like hydrated lime and gypsum from 30 to 50%. Fibre sheets made with 
low calcium fly ash the strength decreases with higher fly ash dosage. When calcium enriched fly ash is used it 
improves frost and carbonation resistance also the durability increase with age.  
 They compared the chemical composition and physical properties of fly ash in Thailand and Japan. Fly ash 
in Thailand has higher CaO and alkali content but lower silica and fineness.  
 (Sumit A. Balwaik,)They investigated about waste paper pulp as partial replacement for cement. Up to 10% 
addition of waste paper pulp results the compressive strength, splitting tensile strength and flexural strength 
increased. Beyond 10% strength reduces gradually. Use of waste paper pulp in concrete reduces disposal cost 
and produces greener concrete for construction. 
 (Prof. Jayeshkumar Pitroda,)Hypo sludge (paper industry waste) as replacement of 10%, 20%, 30% and 
40%. Compressive strength reduces when cement replaced hypo sludge. As hypo sludge percentage increases 
compressive strength and split tensile strength decreases. 
 (ayraj Vinodsinh Solanki, 2013)Fly ash and hypo sludge of different proportion of replacement (10%, 20%, 
30%, 40%) used. Optimum paper waste sludge of 30% replacement gives better compressive stress. Workability 
reduced at higher replacement of fly ash and vice versa for hypo sludge. Compressive strength reduces after 7 
days with fly ash increases. 10% increase in compressive strength after 7 days with hypo sludge.   
 
B. Silica Fume and Metakaolin: 
 

 (Malathy, R., K. Subramanian, 2007)They discussed about the efficiency factor for silica fume and 
metakaoline for different replacement level at 7 and 28 days. The quantity of binders is optimized therefore 
cracks, shrinkage and other drawbacks due to more finer can be avoided. Efficiency of replacement level 
increased up to 10%. The efficiency factor for silica fume and metakaolin replacement level is greater than 1 at 
7 days whereas efficiency factor for fly ash is less than 1 at 28 days at all level of replacement. 
 (Sanjay N. Patil,)Metakaolin which has good pozalonic gives positive effect on various properties of 
concrete. Dosage of 15% metakaolin decreases workability of suspension in time. For higher metakaolin dosage 
super-plasticizer are used. When metakaoline reacts with active component Ca (OH)2 which is formed from 
cement hydration. This reaction leads to formation of binding phases component like C-S-H gel, C4AH13, 
C3AH6, C2ASH8 thereby increases strength. Compressive strength increases at 20% with metakaolin and also 
increases chemical attack and prevention of alkali silica reaction.  
 (Justice, J.M., 2005)Metakaolin having two different surface areas (11.1m2/g and 25.4m2/g) at 8% weight of 
cement content were used. Mixtures made of different w/c ratio 0.40, 0.50 and 0.60. Setting time reduced in 
both metakaolin. In both mix containing metakaolin compressive, split tensile, flexural strength and elastic 
modulus higher than control mix. In Rapid chloride ion permeability and expansion due to alkali-silica reaction 
reduced when compared with both metakaolin and silica fume mixtures. 
 (Mohammad Alizadeh Kharaazi)In this study they utilized different waste produced in Iranian industries 
have been used in making concrete. 75% metakaolin and 25% ferro-silica powder with full replacement for 
cement has been used which shows better replacement for cement. Another mix of 75% metakaolin and 25% 
travertine rock powder with full replacement for cement has been used which shows better replacement for 
cement.  
 
C. Slag: 

 
 (Amit Rai, 2002)It has been observed that metallurgical slag which is extracted from Ferro-Manganese and 
Ferro-Manganese-silicon alloy manufacturing plant as a component in blended cement. If slag content increases 
then compressive strength increases then 50:50 composition shows 22MPa and 33MPa at 27 and 28 days wet 
curing respectively. Higher the percentage of Na2O and K2O as well as MgO content more than 8% will affect 
the strength development if metallurgical content is increased beyond 50% in slag cement. Free line was 
determined by the modified frankels method using aceto-acetic ester and isobutyl alcohol as extracting medium. 
Further reported MnO slag should not be recommended as slag cement and research has to be carried for 
different slag cement and aggregate like GGBS from steel plants.  
  (Antonio M. Arino, 1999)It has been reported that the effects of ground copper slag up to 15% for cement 
on closed loop compressive strength the specimen fails in longitudinal cracking and three point bending fracture 
toughness test. From resistance curve (R-curve) response of specimen describing the dependence of fracture 
toughness on stable crack length. The area under stress-strain curve for reference sample have higher energy 
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absorption capability than Ground copper slag samples were as strength increases as age increases. The fracture 
response from typical load-deflection curve of concrete containing 0, 5% and 10% of Ground copper slag initial 
linear response followed by non-linear response before maximum load. Finally from compression and fracture 
test concrete containing ground copper slag it is stronger in compression and brittleness is high.  
  (Zain, M.F.M., 2004)Here they investigated about cement based solidification/Stabilization process for safe 
disposal of blasted copper slag. From various test conducted the heavy metal retards initial and final setting of 
cement by interfering with normal hydrated reactions and the strength of copper slag mortar lowered than 
reference mix. In mortar incorporating copper slag up to 10% replacement it is safe with respect to leach ability 
of metal ions. Compressive strength reduces by 5%.   
  (Medhat S. El-Mahllawy, 2008)The concrete made using kaoline fine quarry residue combined with 
granulated blast furnace slag and granite basalt fine quarry residue for making brick resistible to chemical 
action. Different durability tests have been conducted. 
 (Sioulas, B., J.G. Sanjayan, 2000)Slag-blended cement was used in production of high strength concrete. 
Reduction in net temperature and thermal gradients can be achieved in slag replacement in high strength 
concrete. A progressive reduction in maximum net temperature is obtained with increase in slag content. Slag 
delayed the time required to attain peak temperature. 50% replacement with slag recorded temperature below 
20˚c.  
 
D. Red mud and chromium industry waste: 
 

 [24]Concrete incorporating red mud and chromium industry waste with 5%, 10% and 15% by weight of 
binder. Compressive strength of concrete with 5% Red mud and 5% chromium industry waste shows similar 
strength to that of control mix. Setting time of 15% chromium industry waste found to be has higher retardation. 
Setting time of 5% red mud found to be increased when replacement increases the setting time decreases. At 
higher replacement level strength decreases.  
 
E. Recycled Aggregate: 
 
 (Akash Rao, 2007)It has been reported that for achieving the equivalent slump for recycled aggregate 
concrete as that of conventional concrete the free water content is 5% increased. When replacement level 
exceeds 50% then workability reduces. Air content is slightly higher around 4 to 5.5%. If w/c ratio is reduced 
then compressive strength reduces about 75% compared to conventional concrete. Apart from w/c ratio moisture 
condition of recycled aggregate also affects compressive strength. As far as flexural and tensile strength concern 
when replacement reaches 100% then strength is reduced around 15-20%. When admixtures like silica fume is 
added then there is improvement in strength.  
 As natural resources diminish the demand for recycled aggregate is likely to increase making concrete 
recycled economically and environmentally preferable alternatives to traditional. It can be used in different 
application. 
 (Kamel K. Alzboon 2009)In this study stone cutting sludge waste have been used which reduces both 
environmental and production cost. Dry sludge of size <160µm have been used as fine aggregate. Setting period 
of 30 minutes obtained 99% removal efficiency. Sludge which contains high quality calcium oxide (54.22%) 
with undetectable limit of k2o and chloride were found. In addition small amount of silica, ferric oxide, 
aluminum oxide and violated solids were detected. Slump value for two different times of 10 minutes and 30 
minutes measured. Slump reduces after 30 minutes are 59%, 50%, 43%, 27% and 25% for different mix 
proportion.  
 (Nataraja, M.C. 2011)Tile waste as partial replacement for coarse aggregate. Generalized Abram’s law was 
employed for w/c ratio. Limiting strength of concrete closed to characteristic strength of broken tile would be 
possible to restrict mortar strength to minimize the use of cement. 
 (Nitish Puri, 2013)Recycled aggregate and PVC aggregate wastes are used. In fresh concrete state, decrease 
in weight of concrete when recycled aggregate waste were used. Compressive strength increases when normal 
aggregate replaced with 25% recycled aggregate. Compressive strength decreases when normal aggregate 
replaced with PVC aggregate but characteristic strength achieved. Flexural strength decreases when normal 
aggregate replaced with PVC aggregate. 
 
F. Waste Foundry Sand: 
 

 (Rafat Siddique,)Waste foundry sand when used as partial replacement of fine aggregate will affect the 
slump and strength increase with increase in foundry sand content and also with age. 
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G. Fibres: 
 

 (Bing Chen, Juanyu Liu, 2005)Fibres like steel, carbon, polypropylene are used in hybrid combination. 
Steel-carbon combination shows reasonable workability, compressive strength increases 27.6% and split tensile 
strength increases 38.9%. Use of different fibres in light weight concrete reduces surface bleeding and 
sedimentation of aggregates which improves the uniformity of mixtures. Ability to restrain shrinkage using 
single fibre is carbon>steel>polypropylene.  
 (Wu Yao, 2003) Hybrid combination of fibres like steel, carbon, polypropylene having volume fraction 
0.5% used. Compressive strength, split tensile strength, moment of resistance and toughness increases in 
strength 31.4%, 36.5%, 32.4%, 33.9% compared to unreinforced concrete. 
 (Youjiang Wang, 2000)Recycled short fibres with different volume fraction (0.5 to 2%) have been used. 
Waste paper by dry mechanical processing of different paper was used. Flexural strength is moderately 
increased in of 14 and 28 days curing. 
 (Rene Cechmanek,)Shell concrete element reinforced using glass fibre and matrix made using admixtures. 
The flexural and impact strength are high. Use of admixtures reduces free lime and efflorescence on concrete 
surfaces.  
 (Guoqiang Li,)Waste tire in the form of fibres (different length and stiffness) and chips were used. They 
exhibit less workability, high compressive strength, moderate tensile strength and very low toughness. Finite 
element analysis model was developed and stress concentration concrete in tire fibre with lower than tire chip 
modified concrete.  
 
III Conclusion: 
 
 The primary objective of this study was to increase the utilization of various industrial wastes to preserve 
the natural resources and to prevent environmental disruption. Various conclusions can be drawn from this study 
compared with conventional concrete. Finally this overall review concluded that the effect of different kinds of 
industrial waste in concrete properties, like slump value, workability, mechanical properties of hardened 
specimen and durability were studied. This paper will also encourage the utilization of waste derived from 
various industries.  
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