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Abstract: The effective utilization of different industrial 

waste materials like ceramic waste, Fly Ash, Rice Husk Ash 

(RHA), silica fume, hypo sludge,  quarry dust, sewage sludge 

ash, Ground-granulated blast-furnace slag (GGBS), as 

partial replacement of cement and sand in cement mortar. 

By using Different industrial waste materials replacing with 

cement or sand can reduce the cost. The study is helpful for 

various resource persons involved in construction industry 

to develop sustainable and eco-friendly construction 

materials. Utilization of such waste and it application for 

eco-friendly and sustainable development of the 

construction industry is the most efficient solution, possible 

alternative solution of safe disposal of such waste & also 

address the high value application of such waste.  
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1. Introduction 

In any construction brick masonry is very much 

of used to make a walling units and in that cement Mortar is 

one of the important ingredients it makes up as little as  7%  

of  total  volume  of  brick  masonry  and  it  also  prevent  

moisture  and  air penetration so in short cement mortar is 

very much of use in brick masonry so if we change certain 

amount of cement with any other material which is less in 

cost than cement and it also reduces the danger to the 

environment so it is essential to check that how much 

amount of cement is replaced by various materials. By doing 

this replacement of cement and sand with various industrial 

wastes which are known as supplementary cementitious 

material (SCMs) we can reduces cost and damage to the 

environment.  

Chemical properties of different industrial wastes are shown 

in table 1.  

 

2. Critical Literature Review 

The following are the previous research review based on 

different industrial waste which can be used in cement mortar: 

Nuran Ay et al. (2000) stated that the usage of waste tile as 

porcelain. Waste was added into OPC in 25%, 30%, 35%, & 

40% wt ratio. Pozzolanic possessions of Ceramic Waste and 

specific surface area, volume stability, setting time, density, 

particle size, specific, strength and surface area of cement 

including waste tile were inspected. Effects displayed that the 

Ceramic Waste display Pozzolanic properties, physical and 

chemical properties of the cement with ceramic waste 

conforms to cement standard up with the adding of 34% 

ceramic waste. Ground waste tile has pozzolanic properties, 

Waste can be added into cement up to 36% wt ratio, and 

Addition of waste into cement decreases price. [16] 

Ghosh P. et al. (2005) shown the 24% increase in 28 days of 

cement mortar’s compressive strength was accomplished by 

the adding of around 10
5
 cells/ml of mixing water. And the 

strength improve. Improvement in compressive strength 

extents an extreme at about 10
5
 /ml cell absorption. This 

progress is useful by the change of the pore size distribution 

and porosity of cement mortar which it produces. [18] 

F. PuertasI et al. (2008) said that the stoneware waste with 

an atom dimension under 45 lm was cast-off, the hard state 

responses too removed place at a somewhat quicker rate. ZnO, 

ZrO2 & B2O3 focus were great in the waste cover clinker due 

to the occurrence of oxide in stone coating. The result of 

mixtures on the hydration of the particular pastes must be 

determined. The respectable presentation of the R-M waste, 

unselective mixture of white and red wall stone, is a 

promising suggestion that the parting of wastes would not be 

required in order to find a precisely satisfactory material. [8] 

Md. Moinul Islam et al. (2010) told that cement was partly 

replaced with 10%, 20%, 30%, 40%, 50% & 60% of class-F 

fly-ash by load. Cement mortar was also prepared as reference 

mortar. The best fly ash contented is detected to be 40% of 

OPC. Fly-ash mortars with 40% cement additional displays 

around 14% higher compressive strength than cement mortar 

after 90 day curing. The corresponding growth in tensile 

strength is stated to be about 8%. Usage of high volume fly-

ash in some structure work as a replacement of cement, 

delivers a lesser effect on the environment & use of resources. 

Use of fly-ash decreases the amount of cement contented as 

well as heat of hydration in a cement mortar. [15] 

Md. Harunur Rashid et al. (2010) described that the 

durability and strength of cement mortar with the replacement 

of (0%, 10%, 15%, 20%, 25% & 30%) of cement by rice husk 

ash is examined. The effects show that addition of (RHA) rice 

husk ash was publicized improved results for 21% 

replacement level than cement at 13week. The cement mortar 

including rice husk ash (RHA) is extra strong than Ordinary 

Portland Cement mortar up to 20% replacement level. [14] 

Mohamadien Hassan A. et al. (2012) performed 

compressive strength by the usage of silica fume is 15% as a 

partial additional and the % of the growing 48%. And the 

strength is reduced when Silica fumes cast-off as a partial 
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replacement more than 15%-16%. Compressive strength of 

cement mortar better when Silica fumes used as an adding 

with 5% to 20% and is nearly comparable at % higher than 15 

%. Using sandstone sludge equal to 15% as a preservative 

material improvement the compressive strength up to 32%. 

Marble waste sludge can be used as other waste materials as 

silica fume in cement mortar. [10] 

Jacek Katzer et al. (2013) utilized many waste resources in 

the manufacture of cement mortars. The results of motorized 

properties shown cement mortar built on fine aggregate & 

altered by stoneware fume as a partial cement replacement can 

be used to cast element considered as a smaller amount hard 

mechanical characteristics. Such manufacture would be 

conceivable to be possible. Those categorized by water 

cement equivalent to 0.6 are the maximum appropriate for 

such applications. [13] 

Jain Abhishek et al. (2013) concluded that the determined 

use of fly-ash nearly 75% and price saving about 60% were 

determined with the basic mortar of ratio 1:5 (cement: sand). 

Likewise the mortar containing 1:1:5 (fly ash: cement: sand) 

replacing OPC with fly ash keeps 20% OPC. For the 

workability of fly ash, mixed mortar compulsory 5% ,10% 

and more water than basic cement mix mortar of ratio 1;5. 

Use of fly-ash in mortar designed by the technique of weight 

gives 51% to 59% financial savings while the saving is 10% 

to 15% in the case of the method of volume. And the OPC is 

replaced by fly-ash in the mix of 1:1:5 (fly ash: cement: sand) 

cement mortar, 20% reserves of OPC is realized by the 

method of weight but the strength and consumption of fly-ash 

compact expressively. [1] 

Shah Rushabh a. et al. (2013) identified that results of the 

OPC mortar of mix quantity 1:3 in, cement is partly replaced 

with Hypo Sludge ( 0%, 10%, 30% & 50%) by weight of 

OPC.  Results show the reductions on the strength properties 

of cement mortar with Hypo Sludge for Compressive strength 

at 7and28 day as partial replacement with the OPC in the 

cement mortar. So it can be used as non-structural elements of 

structure in the low range compressive strength anywhere 

strength is not required. And low price temporary structure is 

set. Hypo Sludge may be used in masonry to progress the 

long-term bond strength. Partial replacement of the OPC with 

Hypo Sludge does not recover the masonry bond strength at 

initial age of 1 week. And Results specify that the percentage 

change in price decreases up to 35 for 51% replacement of 

Hypo Sludge. [19] 

Rai Baboo et al. (2014) investigated the strengths of 1:3 

mortar mixtures in which fine aggregate was replaced with 

20%,30%, 50%, 100% quarry dust by weight & Ordinary 

Portland Cement with 15%,20%,25%, & 30% of the  low 

calcium fly-ash. Strength was examined at 3,7,28 &56 day, 

though transverse strength was examined at 28 &56 day. 

Results of different teats out that the joint usage of quarry 

rock dust and fly-ash showed brilliant performance due to 

effectual micro filling capacity & Pozzolanic action. It was 

experiment that the reduction on first strength by the adding 

of fly ash is perfected by the adding of quarry dust. 

Replacement of natural fine aggregate with quarry dust, as 

replacement of mortar is possible. [3] 

B. Kondraivendhan et al.  (2015) investigated the amount of 

super--plasticizer growths with a growth in fly ash contented 

in OPC blended fly-ash paste due to better fineness related to 

that of OPC. The amount of super--plasticizer reduce through 

an increase in fly-ash content in OPC blended fly-ash cement 

mortar due its ball bearing effect. The strength development is 

fewer with respect to upsurge in fly-ash content up to 80-90 

day in the situation of OPC blended fly-ash paste as likened to 

the skilful samples & extra strength reached only for OPC 

mixed fly ash cement mortar at the time of 80-90 day due to 

the inactive pozzolanic responses. Compressive strength by 

mixture was reasonable and fitting well with OPC blended 

fly-ash paste as well as cement mortar. [4] 

Sen Abhishek et al. (2015) stated that replacement through 

cement by the use of Rise husk ash in proportion of 

(5%,10%,15%,20% & 25%) by weight of cement in a trial to 

find out the best water content and the maximum dry density 

of the models. Rise husk ash the resulting conclusions are 

drawn as the early ages, as replacement level of Rise husk ash 

increases the moisture content are also increases. OPC 

replacement by RHA is eco-friendly due to utilization of 

waste of Rise husk ash and replacement of OPC). As 

replacement, level increases the OMC increases but the MDD 

decreases simultaneously. [2] 

Kenna Francis et al. (2016) Said that the cement was 

replaced by dried ceramic sludge in powder form accordingly 

in ranges up to 50% wt. The results demonstrate that the 

addition of ceramic sludge powder as an active addition to 

OPC can enhance the mechanical strength of concrete when 

incorporated into the range of 15-20%. The overall durability 

of the concrete was improved through a reduced water 

absorption capacity. This waste is traditionally disposed of in 

landfill, incurring significant economic and environmental 

costs. The workability of SCC cement concretes reduces as 

the percentage SCC is increased, however, less energy would 

be required for compaction of the concrete when compared to 

OPC concrete. SCC cement concretes lighten in color as the 

percentage SCC is increased which presents aesthetic benefits. 

The optimal range for the incorporation of SCC has been 

found to be in the order of 15-20%. The long term strength of 

SCC concretes would be expected to exceed that of OPC 

concrete. [7] 

Paul Archbold et al. (2016) said that usage of waste as a 

supplementary cementitious material. The result shows that 

usage of the ceramic waste sludge as a partial OPC 

replacement in sure applications are conceivable and that 

pozzolanic responses may happen in future phases, with the 

extra effects in the hydration procedure evident in former 

parts of the curing procedure. Compressive strength 

development is initially accelerated in blends containing 

CWS; however, long term strength development is hindered. 

It is also thought this effect would explain the enhanced early 

age, strength development in the CWS blends. However, these 

results are somewhat in conflict with C-S-H results which 

show the development of C-S-H values from 28 to 90 days as 

negligible. It has been demonstrated that accelerated early 

Portland cement hydration occurs in blends that contain CWS. 

This is clearly a physical impact based on the particle size of 

CWS. [17] 
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Siew Choo Chin et al. (2016) investigated the chemical and 

mineralogical characteristics of sewage sludge ash in OPC 

mortar. The percentage of sewage sludge ash careful in this 

study was 10% replacement of OPC whereas the burning 

temperatures examined were at 600°C & 800°C. And the 

other Results show that the amount of SiO2, Al2O3 and CaO 

was drew after the burning process. Cement Mortar samples 

with 10% of cement replacement increases the compressive 

strength up to 2 % and 5% at the 28 & 90 days. [23] 

Hasan Biricik et al. (2016) told that the compressive strength 

advanced in cement mortar models containing N-S elements 

was established significantly upper than those of the matching 

specimen of S-F and F-A over & above the control at primary 

& usual time. Similar to increase the quantity of N-S from 5 to 

10 Wight %, the growths of compressive strength remained 

detected. The adding in the flexural. Strengths of the cement 

mortars with 5 Wight % & 10 Wight % N-S were also visible 

compared to cement mortars with S-F and F-A on highest of 

the control at normal time of curing.  The usage of nano silica 

can be insistently recommended to improve the structural 

appearances and mechanical characteristics of mortars. When 

matched to SF and FA. Purpose of surface appearances of 

clean nano silica atoms & nano silica additional to cement 

mortar past, in surface roughness, surface area, quantum 

sized, pore volume, macro quantum tunnel and pore 

distribution effects also as well as surface free energy 

changes, it can be also carried out for helpful the result of 

nano sized silica atoms on the hydration mechanism of OPC 

mixtures. [9] 

Etaveni et al. (2017) described the OPC is replaced by the 

Ground-granulated blast-furnace slag and fly ash with bacteria 

of 10
4
,10

5
 and 10

6
 bacillus pasture in (1:3) mix. The Ground-

granulated blast-furnace slag and fly ash as taken on the 

amounts of 10% by wt of OPC. And the strength of a bacterial 

cement mortar is increased by 11% compared to regular.  

Addition of fly ash with bacterial cement mortar is also 

increased by 15% compared to standard mortar. The addition 

of Ground-granulated blast-furnace slag with bacterial cement 

mortar is also increased by 20% to 22% as compared to 

standard mortar. [5] 

Patel Fenal et al. (2017) found that the Quarry dust has 

similar properties like fine aggregate so it can be replaced 

with sand as a construction material like cement mortar, 

concrete etc. At a different quantity quarry dust is replaced 

like 20% to 100%. The greatest results displayed at 50-70% 

replacement. This sustainable mortar has the better properties 

than the normal mortar and also economical. In adding, for 

extra compressive strength of bacteria can be involved in the 

cement mortar which will do calcite rain and also protect from 

acid attacks also. The test results revealed that B. Pasture 

bacteria will give 29% rise in strength of cement mortar, than 

the control cement mortar. The optimal bacteria dose of 10 

cell/ml, maximum compressive strength increases by 60% at 7 

day & 23% at 28 day, is achieved over the control sample. [6] 

Satyapriya et al. (2017) said that adding RHA increases the 

initial and final setting time. The addition of RHA will 

increase the normal consistency values drastically. Finer RHA 

particles will give better strength values. RHA contains high 

amount of silica (SiO2) and calcium oxide (CaO). RHA has a 

low specific gravity and it can be used for producing 

lightweight building materials. RHA is a very useful industry 

waste product that can be used as partial replacement of 

cement. RHA when available locally will reduce the cost of 

construction. The partial replacement of RHA can be done in 

the range of 5% to 10%. The chemical& physical property of 

RHA is very much close to that of OPC and hence can be used 

as a mineral admixture. Using RHA will help to reduce the 

cement requirement which in turn will reduce its production 

and the major greenhouse gas CO2 emitted will be reduced. 

[22] 

The following table 2 shows the literature review papers based 

on cement and fine aggregate replacement by waste and it’s 

Comparison. 

3. Conclusion 

Based on the critical literature review the following 

conclusions are made:  

[1] The literature review based on using Industrial waste in 

cement mortar concluded that by using different 

industrial waste materials like foundry sand, nano silica, 

glass waste, marble dust powder, ceramic waste, quarry 

dust, Ground-granulated blast-furnace slag (GGBS), fly 

ash, Rice Husk Ash (RHA), silica fume, sewage sludge 

ash, copper sludge, hypo sludge as a partial replacement 

of cement in cement mortar.  

[2] The compressive strength at 28 days is increases when 

replace up to 15% to 25% of cement with various 

industrial waste materials.  

[3] When cement is replace by 50% and up, strength is 

decrease at every stage in compressive strength test.  

[4] The optimum amount of replacement of cement by 

various industrial waste materials was found to be 20%.  

[5] The effective utilization of various industrial waste 

materials replacing with cement can reduce the cost.  
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Table 1: Chemical Properties 

 
Chemical 

properties 

(%) 

Author / Materials 

Francis et 

al. (2016) 

Kondraivendhan 

et al. (2015) 

Rashid 

et al. 

(2010) 

Hassan P 

et al. 

(2012) 

Shah et al. 

(2013) 

Rai et al. 

 (2014) 

Chin et al.  

(2016) 

Etaveni et al. 

(2017) 

Ceramic 

Sludge 

Fly Ash Rice 

Husk 

Ash 

(RHA)  

Silica 

Fume 

Hypo 

sludge 

Quarry 

Dust 

Sewage 

Sludge 

Ash  

Ground-

Granulated 

Blast Furnace 

Slug (GGGBS) 

SiO2 63.29 56.79 81.044 94.3 47.84  60.13 39.52 37.50 

Fe2O3 4.32 5.31 1.01 0.10 0.73 8.28 11.99 0.80 

Al2O3 18.29 28.21 1.80 0.09 0.09 16.07 17.17 11.43 

CaO 4.46 <3 1.60 0.30 5.28 9.89 7.16 42.80 

MgO 0.72 5.21 2.25 0.43 6.41 5.42 2.13 6.61 

SO3 0.10 0.68 0.45 - 0.19 0.11 1.97 - 

K2O 2.18 - 2.35 0.83 - 0.02 2.72 0.41 

Na2O 0.75 - - 0.27 - 0.08 1.23 0.21 

ZrO2 - - - - - - - - 

P2O5 0.16 - 5.26 - - - - 0.06 

SrO2 0.02 - - - - - - 0.04 

CL 0.005 - - - - -  - 

Loss of 

Ignition 

1.61 - - - 38.26 - - - 
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Table 2: Literature Review Papers and its Comparison 

No. Year Utilization 

Area 

Material Used  Addition/ 

Replacement  

Test Increase/ Decrease 

1 Nuran et al. (2000) OPC Waste Tile Replacement Compressive 

Strength 

Increase 

 

2 PuertasI et al. (2008) Cement Filler Material Replacement Compressive 

Strength,  

Increase 

3 Islam et al. (2008) Cement Fly Ash Replacement Compressive 

Strength, Tensile 

Strength 

Increase 

 

Increase 

 

4 Rashid et al. (2010) Cement  Rice Husk Ash 

(RHA) 

Replacement Compressive 

Strength 

Increase 

5 Hassan et al. (2012) Cement Silica Fume Replacement Compressive 

Strength  

Decrease 

 

6 Jain et al.  

(2013) 

OPC Fly Ash Replacement  Compressive 

Strength 

Increase 

 

7 Shah et al. (2013) OPC Hypo 

Sludge 

Replacement Compressive 

Strength 

Decrease 

8 Rai et al. 

 (2014) 

OPC 

 

Fine 

Aggregate 

Quarry Dust 

 

Fly Ash 

Replacement 

 

Replacement 

Compressive 

Strength 

Increase 

 

Increase 

 

9 Kondraivendhan et 

al. (2015) 

OPC Fly Ash 

 

Replacement Compressive 

Strength 

Increase 

 

10 Sen et al.  

(2015) 

Cement Rise Husk Ash 

(RHA) 

Replacement Compressive 

Strength 

Increase 

11 Francis et al. (2016) Cement Ceramic Sludge Replacement Compressive 

Strength 

Increase 

12 Archbold et al. 

(2016) 

OPC Ceramic 

Waste 

Replacement Compressive 

Strength 

Increase 

13 Chin et al.  (2016) OPC Sewage 

Sludge 

Ash 

Replacement Compressive 

Strength 

Increase 

14 Etaveni et al. (2017) OPC Ground-

Granulated 

Blast-Furnace 

Slag 

(GGBS) 

Replacement 

 

Replacement 

Compressive 

Strength 

Increase 

15 Patel et al. (2017) Fine 

Aggregate 

Quarry Dust Replacement Compressive 

Strength 

Increase 

16 Satyapriya et al. 

(2017) 

Cement Rise Husk Ash 

(RHA) 

Replacement Compressive 

Strength 

Increase 

 


