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Abstract: Infrastructure sector in developing countries is growing very rapidly. Availability and cost of
construction materials plays a vital role in maintaining this growth momentum. In the present age the waste
generated from industriesis the huge concern for the environment, health, and cause for land filling.
Recycling of such wastes and using them in construction materials appears to be viable solution not only to
the pollution problem but also an economical option in construction. There are many choices in regard to
selection of materials in any type of constructions. Due to growing interest in sustainable construction,
engineers and architects are motivated to choose the materials which are more sustainable. Geo polymer
concrete capable for sustainable construction is characterized by application of industrial wastes to reduce
consumption of natural resources and energy and pollution of the environment. Replacement of materials
over nominal concrete is what makes Geo polymer concrete more environmental friendly concrete.It contains
fly ash, alkaline solution as binding material. In view of utilization of industrial waste in Geo polymer
Concrete, the present paper reviews various Industrial waste materials at different levels in Geo polymer
Concrete. Compressive strength of Geo polymer Concrete incorporating different waste materials is reviewed
and recommendations are suggested at the outcome of the study. The reviewed approach for development of
new construction material using industrial waste is useful to provide a potential sustainable source.The main
objective of this investigation is to increase the strength of Geo polymer concrete and decrease the cost of
Geo polymer concrete by replacing natural resourceswith various industrial waste materialssuch as waste
glass powder, Fly Ash, copper slag and Steel slag, Granite slurry,bottom ash,M-Sand, Micro Silica, Nano
Silica, Foundry Sand, etc. This paper describes the literature which isbased on Geo polymer concrete in
which various industrial wastes such as waste glass powder, Fly Ash, Bottom Ash, Copper Slag etc., replaced
by natural resources in Geo polymer concrete. This paper provides a review of research era in the area of
Geo polymer concrete.

Keywords: Geo polymer Concrete, Natural Resources Replacement, Fly Ash, GGBS, Waste Glass Powder,
Granite slurry, bottom ash, Copper slag, M-Sand, Micro Silica, Nano Silica, Foundry Sand, Steel Slag, E-
Waste

1. INTRODUCTION

Portland cement concrete industry has full-fledged universally in recent years.The demand for
concrete as a construction material has enlarged due to enhance of infrastructure. However,
production of Portland cement concrete generates problems such as carbon di oxide emission, global
warming. Human activities on earth produce in considerable quantities of wastes more than 2,500
million tons per year, including industrial and agricultural wastes from rural and urban societies. This
creates serious problems to the environment, health and also the land filling. Now a day the concrete
is most used manmade material in the world. The Indian construction industry alone consumes
approximately 400 million tons of concrete every year and the relative amount of mortar too.
Therefore the demand of the concrete and the required raw materials are very high. This causes the
hike in the costs of cement, fine and coarse aggregates. Quite often the shortage of these materials is
also occurred. To avoid the problems like cost hike and cuts in supply of concrete and mortar, the
alternate material or the partial replacements for the cement and aggregate should be developed by
recycling of waste materials. This provides us the low cost, lightweight and eco-friendly construction
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products. Use of the waste materials also reduces the problem of land-filling, environmental and
health concern.

Geopolymers are inorganic polymeric binding materials, developed by Joseph Davidovits
in1970.Geopolymer is a type of amorphous alumino silicate cementations material that shows the
ideal properties of rock forming minerals. Davidovits proposed that an alkaline liquid could be used to
react with silicon and the aluminum in a source material of geological origin. Flyash geopolymers
have been prepared as geopolymer pastes, mortar and the concretes. The source materials and the
alkaline liquids are the two main constituents of geopolymer. The natural minerals that are rich in
silicon and aluminium are the source materials for geopolymers. The alkaline liquid are from soluble
alkali metals that are sodium or potassium based. The most common alkaline liquid used in
geopolymerisation is a combination of sodium hydroxide and sodium silicate. Geopolymer is a result
of reaction between material containing aluminosilicate (source material) and concentrated alkaline
solution.

Davidovits termed it geopolymer concrete, which is output of chemical reaction between
aluminosilicate containing source materials and alkaline liquids (alkali polysilicates) results a binding
gel of Si-O-Al bonds. With reference to the previous test results, its proves that geopolymer concrete
has advantage over conventional concrete, in terms of mechanical strength, environmental exposure
fire resistance, etc. F class fly ash, i.e low calcium fly ash when mixed with alkaline solution in
presence of heat, results in more durable, efficient and environmental concrete which respect too
conventional concrete. Alkali activated materials can be: (a) the high calcium materials, with ground
granulated blast furnace slag ; (b) the low calcium materials (Class F fly ash) and metakaolin as raw
materials. Research has been done on these two systems, along with the role of activator type and
alkali concentration, the prominent dosage of raw materials, the effect of admixtures, effect of curing
temperature, mechanical strength, thermal strength and durability, etc. Excellent properties can be
achieved from both systems, drawbacks such as setting time, high shrinkage of alkali activated slag,
need of high curing temperatures and relatively long setting times of alkali activated alumina silicates,
limit their practical application.

In both developed and developing countries waste management problem has already become severe.
The problem is compounded by the rapidly increasing amounts of industrial wastes of a complex
nature and composition. Energy plays a crucial role in the growth of developing countries like India.
In the context of low availability of non-renewable energy resources coupled with the requirements of
large quantities of energy for Building Materials like cement, the importance of using industrial waste
cannot be underestimated. Many research organizations are doing extensive work on waste materials
concerning the viability and environmental suitability. Recent researchers aimed at the conservation in
the cement and the concrete industry focused on the use of Industrial waste materials such as glass
powder, Bottom Ash, GGBS(Ground Granulated Blast Furnace Slag), fly ash, Steel slag, silica
fumeetc in Geo polymer concrete to increase the strength of Geo polymer concrete. Many researchers
have made attempts to use the Industrial waste materials to reduce the disposal problems and to
improve the mechanical properties of Geo polymer concrete.

2. PREVIOUS RESEARCH REVIEW BASED ON GEO POLYMER CONCRETE BY USING VARIOUS
INDUSTRIAL WASTE MATERIALS

Ganapati Naidu et al. (2012)has investigated to study strength properties of geopolymer concrete
using low calcium fly ash replacing with slag in 5 different percentages.Sodium silicate (103 kg/m?)
and sodium hydroxide of 8 molarity (41kg/m®) solutions were used as alkalis in all 5 different mixes
M1, M2, up to M5. With maximum (28.57%) replacement of fly ash with slag (Mix no5), achieved a
maximum compressive strength of 57MPa for 28 days. The same mix (Mix no5) is shown 43.56 MPa
after exposure of 500°C for 2 hours. Higher concentrations of GGBS result in higher compressive
strength of geopolymer concrete.Mixing of G.G.B.S was tested up to 28.57%, beyond that immediate
setting was observed. There is no necessity of exposing geopolymer concrete to higher temperature to
attain maximum strength if minimum 9% of fly ash is replaced by GGBS. 90% of compressive
strength was achieved in 14 days. [4]

Prof. M. A. Bhosale et al. (2012) has described the mechanism of activation of a fly ash (no other
solid material was used) with highly alkaline solutions and reported on the study of the processing of
geopolymer using fly ash and alkaline activator with geopolymerization process. The factors that
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influence the early age compressive strength such as molarities of sodium hydroxide (NaOH) have
been studied. These studies comprise the comparison of the ratios of Na,Si0;&NaOH at the values
0.39&2.51.The geopolymer paste samples were cured at 60°C for 1 day and keep in room temperature
until the testing days and result showed that the geopolymer paste with NaOH concentration,
compressive strength increase with molarities increases and revealed with preparation of test samples
of fly ash with geopolymers of different composition in the ratio of 0.39 & 2.51.The samples are
prepared with the different molarities such as 8,10,12,14. Case-1:For ratio Na,SiOs/ NaOH=2.51, As
higher concentration in terms of molar of solutions, results in higher compressive strength of fly ash
based geopolymer concrete. Case-2:For ratio Na,SiOs/ NaOH= 0.39, It is observed that, when
quantity of sodium silicate & sodium hydroxide is reversed by mass, it is observed that compressive
strength increases as increase in molarity. For both cases that is 1 & 2 compressive strength is more
for oven drying as compare to specimen left in ambient temperature. Compressive strength test is
performed.[5]

Mr. Bennet Jose Mathew et al. (2013)has studied the feasibility of production of geopolymer
concrete using coarser bottom ash, the effect of replacement of fly ash with bottom ash at varying
percentage on strength of Geopolymer concrete and the effect of curing methodology on strength of
fly ash-GGBS based geopolymer concrete. Economic impact and sustainability studies were
conducted on both OPC based concrete and geopolymer concrete. Bottom ash —GGBS based
geopolymer concrete gave very low strength probably due to large particle size. Geopolymer concrete
can be prepared at comparable cost with OPC based concrete provided transportation system for raw
materials is well established. The embodied energy of fly ash- GGBS based geopolymer concrete is
40% less than that of OPC based concrete.Sodium hydroxide (39%) and sodium silicate (49%)
together contributes a lion’s share to embodied energy of geopolymer concrete while in OPC cement
contributes nearly 94% of the total embodied energy. [6]

Ravindra Singh Shekhawat et al. (2013) the objective of his thesis was to investigate possibilities of
utilizing LD slag by geopolymer concrete and trying explore the potential of steel slag as one of the
raw material for making geopolymer concrete of M20 grade and steel slag has a lower reactivity in
geopolymer system and it was used in combination with fly ash and granulated blast furnace slag. The
geopolymerization behaviour has been studied using Isothermal conduction calorimeter. The
geopolymer concrete developed has shown compressive strength similar to M20 grade concrete. As
per expectations of achievable strength of 25MPa, but not getting the expected strength. The
maximum achieved strength after 28 days is 24.15 N/mm? and minimum of 13.45 N/mm?. One of the
possible reasons of this downfall in strength is because of the binder percentage in the composition.[7]

B. Rajini et al. (2014) the objective of his thesis was to study GGBS and Fly ash as a different
replacement levels (FA0-GGBS100, FA25-GGBS75, FA50-GGBS50; FA75-GGBS25, FA100,
GGBSO0). The compressive strength and split tensile strength of geopolymer concrete respectively
54.29 N/mm? and 2.46 N/mm?is maximum for the FAO-GGBS100 irrespective of curing period. The
rate of gain in compressive strength and split tensile strength of geopolymer concrete is very fast at 7
days curing period and the rate gets reduces with age.[8]

A. Rajerajeswari et al. (2014)has studied to reveal the possibility of silica fume based geopolymer
concrete to find out its compressive strength by considering the parameters such as effect of
Na,Sioz/NaOH ratio, effect of AL/SF ratio and effect of age of concrete. From the experimental
investigation it was found that out of three different ratios of Na,Sios, three different ratios of AL/SF,
four different ages of silica fume based geopolymer concrete AL/SF=0.25 and Na,SiOs/NaOH=0.5
yielded better gain in compressive strength. By considering the AL/SF ratio=0.25 there is an increase
in strength of 73% for 3 to 7 days, 38% for 7 to 28 days, 15% for 28 to 56 days for all the ratios of
Na,SiO3/NaOH ratios, Similarly by considering the Na,SiO3/NaOH=0.5 there is an increase in
strength of 84% for 3 to 7, 38% for 7 to 28, 15% for 28 to 56 days for all the ratios of AL/SF ratios
and 60% replacements of silica fume yielded better compressive strength when compared to
conventional concrete under normal curing.[9]

T.V. Srinivas Murthy et al. (2014) has studiedto produce the geo-polymer concrete, the Portland
cement is fully replaced with GGBS (Ground granulated blast furnace slag) and alkaline liquids are
used for the binding of materials. The curing is carried in oven, curing at 65°C. For this study M50
concrete mix was used for experimental work and results of test show that the use of GGBS based
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geopolymer concrete increases in compressive strength, Split tensile strength and Flexural strength
respectively by 13.82%, 18.23%, 30.19% as compared with conventional concrete.[10]

L. Krishnan et al. (2014)the objective of his thesis was to produce a carbon dioxide emission free
cementatious material and studied the main limitations of fly ash based geopolymer concrete are slow
setting of concrete at ambient temperature and the necessity of heat curing are eliminated by addition
of Ground Granulated Blast Furnace Slag (GGBS) powder which shows considerable gain in strength
and result of test shows that geopolymer concrete cubes gains strength within 24 hours without water
curing at ambient temperature and the strength of geopolymer concrete was increased with increase in
percentage of GGBS in a mix. It was observed that the mix Id F60G40 gave maximum compressive
strength of 80.50 N/mm?. Also the splitting tensile strength and flexural strength for the mix F60G40
was done.[11]

C. Sreenivasulu et al. (2015)has investigated at studying the mechanical properties of geopolymer
concrete (GPC) using granite slurry (GS) as sand replacement. GS was replaced at different
replacement levels (0%, 20%, 40% and 60%). Fly ash and ground granulated blast furnace slag
(GGBS) were used at 50:50 ratio as geopolymer binders. It is concluded that optimum replacement
level (40%) of GS can be used in place of sand. [12]

Jerusha Susan Joy et al. (2015) hasstudied to found out the effectiveness of used foundry sand as a
partial replacement of fine aggregate in geopolymer concrete. 0%, 5%, 10%, 15%, 20% and 25% by
weight of fine aggregate is replaced with foundry sand in this study. The silica ash — GGBS based
geopolymer concrete gained strength with earlier time period through oven curing at 80°C. The mix
with 15% replacement of fine aggregate gives maximum strength of 21.33 N/mm?2 The optimum
amount of replacement was found to be 15%.[13]

JanardhananThaarrini et al. (2015) has studied the feasibility study on the manufacture of
geopolymer concrete at low concentrations of alkaline solutions and lower densities and incorporating
waste products like Foundry sand without compensating for the strength properties. From the
preliminary studies, the replacement of Foundry sand to Natural sand is taken as 50:50. The density
range was taken as 1800 Kg/m® 2000 Kg/m®, 2200 Kg/m3and 2400 Kg/m®. The percentage ratio of
BA-GGBFS was selected as 0, 25, 50, 75 and 100.BA-GGBFS-FS geopolymer blocks attain sufficient
strengtheven at lower molarities of 4M NAOH solution under ambientcuring conditions which is an
encouraging outcome of thiswork.As the quantity of slag increases, the compressive strengthincreases
upto a 50% replacement beyond which it decreases. Geopolymer concrete absorbs less water when
compared to normal concrete and shows better resistance against chloride and sulphate attack and
Foundry sand upto 50% replacement for riversand does not affect the strength of geopolymer
concrete.[14]

Shalika Sharma et al. (2015) studied the change in the abrasion resistance of Geopolymer concrete
was observed with the change in the curing temperature. Geopolymer concrete sample cured at 25°C
requires 120 hours of curing whereas geopolymer concrete at high temperatures can be cured at 72
hours and abrasion resistance increases with the increase in temperature.[15]

O. M. Omar et al. (2015) has investigated the traditional testing of hardening concrete, for selected
mixes of cement and geopolymer concrete. It was found that local steel slag as a coarse aggregate
enhanced the slump of the fresh state of cement and geopolymer concretes. When using local Steel
Slag as hundred percent substitutes for coarse aggregate recorded that the compressive strength higher
than about 6% from strength of mix prepared with crashed stone as coarse aggregates in the
geopolymer concrete. Higher concentration (in terms of molar) of sodium hydroxide solution results
in higher compressive strength of fly ash-based geopolymer concrete, and the higher ratio of sodium
silicate-to-sodium hydroxide ratio by mass, higher is the compressive strength of fly ash-based
geopolymer concrete.[16]

Yagnesh Patel et al. (2015) the objective of his thesis was to the Experiment has been taken up on
low calcium fly ash based geopolymer concrete having three different molar concentration of
activator liquids along with different percentage of Nano silica addition. The investigations have been
done by observing the compressive strength, % weight loss and % loss of compressive strength and
presented the effect of addition of different proportion of Nano silica in the low calcium fly ash based
geopolymer concrete. Experimental result showed that the compressive strength of low calcium fly
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ash based geopolymer concrete was increased with increase in percentage of Nano silica in a mix. The
compressive strength of GPC specimens with 12M having 1.5% NS is 1.20 times more than GPC
specimens with 8M having 1.5% NS but marginal increase with 16M having 1.5% NS for 28 days. In
durability test, Loss of weight due to chloride effect is decreased with increase in molarity and also
minor decrease with increase in percentage of nano silica.Nano silica shows impact on compressive
strength and durability properties of geopolymer concrete.[17]

Shalika Sharma et al. (2015) the objective of his thesis was to change in the compressive strength of
Geopolymer concrete was observed with the change in the curing time and curing temperature. It was
found that the sample of geopolymer concrete having the ratio of fly ash to alkaline liquid as 0.4 and
ratio of NaOH to Na,SiO; as 2 cured at the temperature of 25°C required curing time of 120 hours but
still the compressive strength was very less. The samples which were cured at 60°C and 80°C required
lesser curing times of 72 hours and attained greater compressive strength.[18]

Dr. I.R. Mithanthaya et al. (2015)has investigated the effect of glass powder (GP) and ground
granulated blast furnace slag (GGBS) on the compressive strength of Fly ash based geopolymer
concrete. The mass ratio of fine aggregate (FA) to coarse aggregate (CA) was maintained
constant.The ranges of investigation parameters include GP/FA from 0% to 20%, and GGBS/ FA
from 0% to 20% with constant amount of GP. Replacement of FA by GP up to 15% is useful in
increased compressive strength up to 20Mpa. 10% replacement of FA by GP and further replacement
of FA by GGBS up to 15% increases the strength of concrete up to 32Mpa. Geopolymer concrete with
compressive strength of 30Mpa and water absorption less than 7% can be obtained using only
industrial waste materials without using Sodium Silicate or heating to higher temperature. Geo-
polymer concrete is about 14 % cheaper compared to concrete using PC.[19]

Nitendra Palankar a et al. (2015) has researched to focus on development of alternative binder
materials to Ordinary Portland Cement (OPC) due to huge emissions of greenhouse gases associated
with production of OPC and conducted to evaluate the performance of weathered steel slag coarse
aggregates in GGBFS-FA based geopolymer concrete. GGBFS-FA geopolymer concrete with steel
slag coarse aggregates are prepared by replacing natural granite aggregates at different replacement
levels i.e. 0%, 25%, 50%, 75% and 100% (by volume) and various fresh and mechanical properties
are studied and results of test indicated that incorporation of steel slag in GGBFS-FA geopolymer
concrete resulted in slight reduction in mechanical strength. The water absorption and volume of
permeable voids displayed higher values with inclusion of steel slag. The fatigue resistance of
GGBFS-FA geopolymer concrete mixes decreased with the replacement of granite aggregates with
higher contents of steel slag aggregates. GGBFS-FA geopolymer mixes with steel slag coarse
aggregates recorded slightly lower compressive strength along with lower tensile strength and
modulus of elasticity as compared to GGBFSFA geopolymer with granite aggregates; due to the
presence of a thin layer of calcite on the aggregate surface thus leading to a weak aggregate-paste
interface.[20]

P. VenkataAvanthiSailalasa et al. (2015) has described the experimental investigation carried out to
develop geopolymer concrete based on alkali activated fly ash by Sodium Hydroxide with Sodium
Silicate. The granite waste because of its fineness and size it can be effectively used as a replacement
of sand. It was possible to achieve compressive strength 38 N/mm? for the geopolymer concrete after
8 days of casting when cured for 48 hours at 95°C and results of test indicated that the increase of
water content of all three forms of geopolymer resulted in decrease of the compressive strength.
Strength development of geopolymer at room temperature was also studied and found that only half of
the compressive strength of the heat cured sample was achievable even after 28 days. Using 15%
Granite powder as sand replacement and 14M NaOH gave maximum compressive strength of 38
N/mm? and 43 N/mm? respectively 8 days and 28 days.[21]

M LeninSundar et al. (2016)has studied E-waste as a partial replacement of the fine aggregates
ranging from O to 30 percentages, on the strength criteria of M40 of grade concrete. It has been proved
that 20 percentage replacement of E-waste achieved higher strength of geopolymer concrete than the
normal geopolymer concrete.[22]

P Abhilash et al. (2016) the objective of his thesis wasat the study of effect of fly ash (FA) and
ground granulated blast furnace slag (GGBS) on the mechanical properties of geo polymer concrete
(GPC) when they were replaced for cement at different replacement levels (FA50-GGBS50, FA75-
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GGBS25, FA100-GGBSO0) using Sodium silicate (Na,SiO3) and sodium hydroxide (NaOH) solutions
as alkaline activators and results of test showed that as the percentage of GGBS in the mix is
increasing, mechanical properties such as compressive strength, split tensile strength and flexural
strength were increasing. It is concluded that optimum replacement level (FA50 GGBS50) of Fly Ash
and GGBS can be used in place of Cement.[23]

Neethu Susan Mathew et al. (2016) has studied to use supplementary cementitious materials such as
fly ash and GGBFS as replacement for the cement and industrial by product such as copper slag as
partial replacement for fine aggregate in concrete. The strength, durability and bond strength
characteristics of fly ash and GGBFS based geopolymer concrete with and without the fine aggregate
replacement have been compared. The results indicated that geopolymer concrete with 40% copper
slag as fine aggregate replacement showed an improvement of 17.5%, 13.94% and 22.72% in the
28"day compressive strength, splitting tensile strength and flexural strength respectively in
comparison with the geopolymer concrete without copper slag, but in terms of durability of
geopolymer concrete, it is found to be more water absorbent.The density increases by 4.25% and
hence suitable for high density concrete. Modulus of elasticity and bond strength values of
geopolymer concrete reduces by 0.4% and 4.1% respectively when copper slag replaces fine
aggregate by 40%. It is concluded that optimum replacement level (40%) of copper slag can be used
in place of fine aggregate by copper slag. [24]

Shriram Marathe et al. (2016) has investigated that the glass powder is varied percentage of
0%,5%,10%,15% and 20% means 0% to 20% replacement of fly ash by glass powder and the
percentage of GGBS is varying form of 5%,10% ,15% and 20% means 5% to 20% replacement of
GGBS by glass powder. It is found that GP5 has attained the maximum compressive strength of 7.77
N/mm? for 7days and 23.33 N/mm? for 28days. Hence up to 5% replacement of glass powder with fly
ash is acceptable. It is found that GGBS5 has attained the maximum Split tensile strength of 3.11
N/mm? for 28 days. Hence up to 5% replacement of GGBS with fly ash is acceptable. The maximum
split tensile strength of 2.26 N/mm? at 20% addition of GGBS, at the age of 7days curing period. It is
found that 15% GGBS has attained the maximum compressive strength of 28 N/mm? for 28 days and
observed that as a 7 days compressive strength of 11.55 N/mm? of cube specimen is obtained at the
20% addition of GGBS it gives the maximum compressive strength.[25]

R. B. Sheral et al. (2016) has observed from test results that partial and full replacement of cement
with GGBS & fly ash is successfully possible whereas strength of geo-polymer concrete &
conventional concrete shows similar behaviour and noted that cost of geo-polymer concrete &
conventional concrete is also nearly same.Compressive strength observed from compressive strength
test & Non-Destructive Rebound Hammer Test shows similar behaviour. Quality of concrete tested
from Non-Destructive ultra-sonic pulse velocity test shows good performance for both geo-polymer
concrete as well as conventional concrete. Cost analysis is carried out to know economy of present
work and observed that cost required for conventional concrete, geo-polymer concrete (fly ash 60%
and GGBS 40%) & (fly ash 30%, GGBS 30% & cement 40%) is nearly same.[26]

M BalaVinayag et al. (2016) the objectiveof his thesis was to utilization of waste material as well as
produces an alternative material for cement concrete. In this study, the performance of fly ash based
geo polymer concrete was investigated. Initial tests on fine aggregate and coarse aggregate such as
specific gravity.From that the optimum ratio of geopolymer concrete was found. It was 85% fly ash,
14% silica fume and 1% nano silica(L0MF85S14N1m100) means 10M Solution,85 % of Fly Ash,
14% of Micro Silica, 1% of Nano Silica,100% of M-Sand can be used in this study. Durability test
concluded that corrosion resistance has geopolymer concrete less than conventional concrete.[27]

K. Mahendran et al. (2016) the objective of his thesis was to analyse the performance of copper slag
as an alternative for fine aggregate in geopolymer concrete. The sand is replaced with copper slag by
its weight with an increment of 10% in each mix M1, M2,.up to M11. The strength of the geopolymer
concrete having copper slag as a fine aggregate is compared with control concrete found to be 1.35
and 1.51 times increase in strength, when cured it in ambient and oven curing. The maximum
compressive strength of oven cured geopolymer concrete is found to be 58.95 Mpa whereas in
ambient cured the compressive strength is reduced to 40.78 Mpa. It is observed that the percentage of
the copper slag has been increased in the geopolymer concrete and the compressive strength also be
increased. There is a marginal variation found in the density of the concrete when cured in oven and
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ambient condition. The water absorption of the oven cured geopolymer concrete is found to be
minimum when compared with the ambient curing condition. The microstructure of geopolymer
concrete shows the homogeneity of the geopolymer concrete and dissolution of fly ash is also found
on the specimen surfaces.[28]

S Ganesh Kumar et al. (2016)the objective his thesis was to find out strength and durability
characteristics of geopolymer concrete especially in coastal environment by using combination of fly
ash, GGBS and M-Sand. The characteristic of fly ash, GGBS and M-Sand is studied and M-Sand was
confirmed in Zone-l1l1. In this a Mix Design was adopted using M-25 grade and then a mix proportion
of 1:1.31:1.96 was formulated. The target mean compressive strength of M-25 concrete using OPCC
was 36N/mm?. In GPCM @28 days was attained a compressive strength of 48.66N/mmZ2.Since 8M
concrete using has got 35.2% above OPCC, 8M GPCM shall be efficient to use by considering the
economical point of view. The target mean tensile strength of M-25 concrete using OPCC was
3.5N/mm% In GPCM @28 days was attained a split tensile strength of 4.086N/mmZ2.Since 8M
concrete using has got 16.74% above OPCC, 8M GPCM shall be efficient to use by considering the
economical point of view. The target mean Flexural strength of M-25 concrete using OPCC was
5.5N/mm?. In GPCM @28 days was attained a Flexural strength of 7.00N/mm? Since 8M concrete
using has got 27.27% above OPCC, 8M GPCM shall be efficient to use by considering the
economical point of view. Durability of GPCM was high, compared to OPCC.[29]

Ahmed Mohmed Ahmed Blash et al. (2016) has investigated the compressive strength of the
Geopolymer concrete produced by replacement of Ground-granulated blast-furnace slag (GGBS) with
SF (Silica fume) by 0%,20%,40%,60%,80% and 100% , and its studies carried out in varying
molarity. Based on the experimental investigations carried out on geopolymer concretes, it can be
concluded that the incorporation of SF in the geopolymer concrete mixes resulted in finer pore
structure thus produce low permeability concrete. The geopolymer concretes produced with different
combination of SF and GGBS are able to produce structural concretes of high grades (much more
than 45MPa) by self curing mechanisms only and percentage 40% of SF to 60% GGBS. The
influences of SF on strength of geopolymer concrete mixes were studied. It has been observed that the
decreasing the quantity of SF increase of Compressive strength of geopolymer.[30]

J. Thaarrini et al. (2016) has studied the cost of producing 1m® of GPC and OPC are calculated
based on the market rates of the ingredients required and compared for socio-economic feasibility.
Based on the cost calculations, it was seen that the cost of production of OPC concrete is higher than
the cost of production of GPC for higher grades. For M30 grade of GPC concrete the cost of
production is marginally (1.7%) higher than OPC concrete of the same grade whereas for M50 grade,
the cost of OPC concrete is 11% higher than GPC of same grade. It can be concluded that savings in
cost can be attained in the production of Geopolymer concretes of higher grades as well as lower
grades with only a marginal difference.[31]

Mahaboob Basha S. et al. (2016)the objective of his thesis was to improve the characteristic strength
of geopolymer concrete, replaced with10%, 20%, 30%, 40% and 50 % of E-waste and M-sand as a
fine aggregates and find out the optimum percentage replacement. The strength of geopolymer
concrete was increased with increase in percentage of E-waste up t020%.The maximum strength
obtained for M-sand at 28 days is 36.8Mpa and the maximum strength is obtained for E-waste at 28
days is 32.2Mpa. In split tensile test the maximum strength of 4.8 N/mm?Zis obtained for 20%
replacement of E-waste in concrete at 28 days. For M-sand the split tensile strength is increased up to
50% replaced in concrete. By adding the polypropylene fibres to concrete it reduces the water
permeability and shrinkage and improves tensile strength of concrete by adding polypropylene fibres
to concrete.[32]

NamitaPatiyal et al. (2016) has investigated to found out the effectiveness of used foundry sand as a
partial replacement of fine aggregate in geopolymer concrete. The percentage of replacement are 0%,
5%, 10%, 15%, 20% and 25% by weight of fine aggregate by waste foundry sand. The silica ash —
GGBS based geopolymer concrete gained strength with earlier time period through oven curing at
80°C. The 7 days and 28 days maximum compressive strength of respectively 20.90N/mm? and
28.33N/mm? was also obtained for 15% replacement of fine aggregate and found out the optimum
percentage for replacement of foundry sand with natural sand is almost 15% for cubes.The 7 days and
28 days maximum split tensile strength of respectively 2.92 N/mm? and 4.23 N/mm?was also obtained
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for 10% replacement of fine aggregate and found out the optimum percentage for replacement of
foundry sand with natural sand is almost 10% for cylinders. The 7 days and 28 days Flexural strength
of respectively 5 N/mm? and 5.83 N/mm? was obtained for 10% replacement of fine aggregate and
found out the optimum percentage for replacement of foundry sand with natural sand is almost 10%
for cylinders.[33]

G. Gayathri et al. (2016) has studied to produce the geo-polymer concrete the Portland cement is
fully replaced by fly ash and GGBS (Ground granulated blast furnace slag). Fly ash and GGBS were
used in this study such as 90% fly ash and 10% GGBS and studied to cover the use of E-Waste as
partial replacement in fine aggregate in geopolymer concrete. The main objective of his thesis was to
investigate the change in mechanical properties of geopolymer concrete with E-Waste in concrete and
reduce as far as possible the accumulation of used and discarded electronic and electrical equipments
and investigated with replacement of sand by using e-waste are 0%,10%,20%,30%,40% and 50%.The
initial setting time with 90 percent fly ash + 10 percent GGBS obtained as 19.9 hours the normal
consistency obtained at 28 percentages. Use of E-waste as partial replacement of fine aggregate is
economical. 30% Partial replacement of E-waste as fine aggregate proved as well graded
aggregate.[34]

P. Pavani et al. (2016) the objective of his thesis was to study the strength properties of class F fly
ash (FA) based geo polymer concrete (GPC) using granite slurry powder (GS) as sand replacement at
different levels (0%, 20% and 40%) and investigated to study the engineering properties of GPC
(FA50'GGBSSO) viz. FAs5-GGBS5-GSy, FA5-GGBS5-GSyg and FAs5-GGBS5-GSyg are considered.
It is concluded that the increased replacement level of granite slurry powder (GS) increased the
compressive strength, splitting tensile strength values of GPC mixes. Maximum compressive strength
and splite tensile strength of geopolymer concrete are 42.14 N/mm?, 56.32 N/mm?, 68.36 N/mm? and
2.75 N/mm?, 3.61 N/mm?, 4.6 N/mmPrespectively for 7 days, 28 days and 90 days.FAs-GGBSs,-GSao
is optimum replacement.[35]

Based on previous research review, history related to the use of industrial waste materials for making
of Geopolymer concrete is shown in figure 1.

HISTORICAL DEVELPMENT RELATED TO USE
OF INDUSTRIAL WASTE

12 = Fly Ash

B GGBS
® E-Waste
8 B Granite Slurry
E Bottom Ash
6 = Copper Slag
= Waste Glass Powder
4 ® Micro Silica
Nano Silica
2 = M-Sand
L I I I Foundry Sand
0 - ' ' ' ' Steel Slag
2012 2013 2014 2015 2016 Polypropelene Fibre

10

No. of Paper

Year

Figurel. History of use of industrial waste material
3. CONCLUSION

The Literature review based on Using Industrial waste in Geopolymer concrete concluded that by
using various Industrial waste materials as a partial substitute of fine aggregate, coarse aggregate,
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cement and sand of design mix in Geopolymer concrete, overall cost of making of Geo polymer
concrete can reduce.

1) It can reduce the disposal problems of Industrial waste materials and also consume the cement
used for making of Geo polymer concrete.

2) Different tests have been conducted as per the standards on the Geopolymer concrete. The
common parameter calculated by various researchers is compressive strength.

3) It is seen that waste materials like fly ash, GGBS, Micro silica were used extensively and
sufficient research have been done on them.

4) When cement is replaced by various industrial waste compressive strength, flexural strength and
split tensile strength of Geo polymer concrete for various mixes is depends upon the type of
Industrial waste materials used for making of Geo polymer concrete.

5) The study in turn is useful for various resource persons involved in using industrial or agricultural
waste material to develop sustainable construction material.
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