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Abstract: Use of a certain percentage of Fly Ash (i.e. fine particle sized, lightweight solid industrial waste) to make masonry 

blocks gives higher compressive strength and improved characteristics of masonry units beyond the IS code requirements for its 

pozzolanic reactivity with other mixes.  

Lightweight Fly Ash based large size masonry unit, well known as AAC (Autoclaved Aerated Concrete) block, is best suited 

option for masonry construction in Uttar Pradesh region. As they fulfil all requirements of structural property as per Indian 

standards. These are environment friendly masonry units, who saves in overall construction cost and time and used abundantly 

available solid waste material i.e. Fly-ash. 

Index Terms – AAC blocks, Fly-ash bricks, Uttar Pradesh region, Cost of Masonry 

1.   INTRODUCTION 

Ever increasing awareness to protect global environment from harmful emissions, accumulation of unmanaged wastes, increasing 

scarcity of landfill space and increasing interest in sustainable housing raised the need to develop such construction materials 

which can utilized wastes extensively by fulfilling our social, economical and cultural needs. Using the wastes in manufacturing 

Masonry blocks is a sustainable solution to manage the solid wastes which saves in cost of construction. 

It was pointed out that the various differences we observed are relevant to each other to positively define regional construction 

methods. The reason of differential customization was assumed that both digested adopted one and substituted one which had 

been used in introduced area. In case the regionally customized Masonry block construction is improved, it is efficient to consider 

not only partial improvement but well-balanced cross-sectional improvement, because it is positively defined and connected from 

raw material level to construction methods level. 

1.1  Statement of the Problem  

The Un-reinforced brick masonry wall with pitched clay tile roof is a traditional construction practice followed in India for 

centuries. The buildings of this construction type are used for residential, commercial, and public purposes throughout India, 

especially in Uttar Pradesh, where good quality soil for agriculture purpose is widely available and used for brick production. The 

walls are constructed using clay bricks laid in mud, brick-lime or cement/sand mortar. The Stone masonry houses made with 

locally available soft stone are used by the middle-class and lower middle class people in urban areas and also by all classes in 

rural areas. This is a typical load bearing construction, in which both gravity and lateral loads are resisted by the walls supported 

by strip footing. The Mud or lime mortar has been used in traditional constructions; however, more recently, cement mortar is 

being increasingly used (EERI, 2003).  

In view of the Indian Government policies for use of industrial/agricultural wastes as raw materials in construction and 

construction practices together with the regulations for housing in region formulated by central/state Governments with the vision 

of low cost affordable and sustainable housing development, it is necessary to identify components of building and to optimize 

cost by fulfilling all regional aspects of construction [26]. Under this situation, it is important to define the factors who affect the 

suitability of different types of Masonry block construction in Uttar Pradesh region. 

1.2  Rationale  

The rationale underlying this synopsis is the larger problem being faced by Building construction Industry for low cost affordable 

and sustainable housing development. The major concerns are that to maximize usage of Fly Ash (a waste/bi-product material) in 

building construction in view of the GOI regulations and policies. Now, it is necessary to identify best suited option of modern 

masonry blocks which provide desired characteristics with the feasibility to develop low cost affordable and sustainable housing 

projects and delivering them in time and budget. In Uttar Pradesh region during year 2018-19 total 44.513 LMT Fly Ash 

generated where only 25.445 LMT (i.e. 57.16 %) is utilized, in which only 0.664 LMT (i.e. 1.49 %) Fly Ash utilized to make 

Bricks/Blocks/Tiles etc. Also the intricacies that in Uttar Pradesh region, there is lack of Modern masonry block manufacturing 

industries and skilled workmanship.  
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This Dissertation will attempt to identify best suited option of modern masonry blocks which provide desired characteristics with 

the feasibility to develop low cost affordable and sustainable housing projects by promoting Fly Ash usage for block 

manufacturing and prove the need of this study. 

1.3  Purpose of the Project  

Masonry blocks used as infill masonry material in framed structure is one of the modern construction methods, which can fulfil 

all structural demands and seismic requirements with optimum cost. However, the versatility of Masonry block leads to easily be 

customized without modern regulation in developing countries. This study is to provide a concise, precise and practical approach 

and knowledge that can be leveraged best suited option of modern masonry blocks for desired physical characteristics in view of 

both cost & time optimization which also be feasible to develop low cost affordable and sustainable housing according to 

central/state Government policies for 100% utilization of waste/bi-product material Fly ash in building construction in Uttar 

Pradesh region. 

2.   LITERATURE REVIEW 

Prof. Sameer Mistry et al.., B.V.M. Engineering  College, V.V.Nagar  (2011)   collect information regarding use of fly ash  in 

bricks, advantage, qualities of fly ash bricks, technology of masonry work by rat-trap bond, reduction of cost in bricks and saving 

environment from pollution by dry disposal method of fly ash. Give some future scope for road construction also. They conclude  

that all  the  governmental  and  non-governmental organization  are  involved  in the  utilization  of  fly ash, so that the economic 

and environmental considerations are more important to sustainable development in construction industry. 

Rakesh Kumar, A. D. Kulkarni, S. J. Attar, K. S. Kulkarni, B. V. Deemed University, Pune (2011) discussed the use of 

waste material like fly ash in bricks manufacturing, to enhance the properties of bricks and choose alternative for manufacturing 

bricks. They also discussed selection process of material, method of proportioning the material and tests. They concluded that 

using of fly ash from chemical industries are more beneficial, addition  of polymer and lime correlate their properties, these bricks 

can use fly ash up to 50% but without use of clay  

Prakash T M et al.., Karnataka, India (2013) investigated on aerated concrete blocks which can work as alternative of 

conventional masonry units. Several tests have been conducted like rate of absorption, density of blocks, water absorption and so 

on. Characteristics of blocks have been obtained such as compressive strength, stress-strain characteristics & flexural strength, 

Conclusion after conducting all tests as we compare the conventional blocks with the aerated blocks; we can us it as an alternative 

of it. 

Prakash T M, Naresh Kumar B G and Karisiddappa India (2013) primary focus in this study was on the compressive 

strength, flexural strength, shear bond strength and elastic properties of aerated concrete blocks. Characteristics of mortar has 

been discussed different properties of mortar has been checked. At the end we concluded that rate of absorption of solid blocks is 

more the that of  ACB, ACB has least density then other masonry units, ACB has least compressive strength then other masonry 

units but modulus of elasticity is to higher then solid concrete blocks, compressive strength of ACB is not so good. 

Ravi Kumar et al.., India (2014) study has been done on the properties of light weight fly ash bricks by taking different 

proportions of fly ash, cement, lime, gypsum, and sand. Various tests has been done on the bases different proportion of materials 

then experimental investigation has been done such as compressive strength, efflorescence test and  water absorption tests. 

Concluded that as we increase cement content with fly ash strength of brick goes on increase upto certain limit. Can save overall 

cost of buildings by using fly ash and also a eco-friendly technology. 

Nitin S. Naik, B. M. Bahadure,C. L. Jejurkar Kopargaon (2014) studied the strength and durability aspects of bricks which is 

prepared by using fly ash, cement and phosphor-gypsum. So that reduction in green house gases can take place which is evolved 

during burning of bricks, decrease the use of agricultural land for clay, which is obtained from agricultural land. Discussed 

methodology of mixing raw material, preparation of mortar block and material used. Concluded bulk utilization of  fly ash in 

producing bricks, tests for compression and water absorption   give sufficient strength to be used in place of conventional bricks, 

water absorption capacity of such bricks have 20% more capacity than conventional capacity and can use for curtain walls. 

Ali J. Hamad Iraq (2014) focused specially on the properties of aerated light weight concrete and classified concrete into 

foamed and autoclave concrete, raw material used in aerated concrete, type of agent in foaming, properties & its applications. 

Concluded as it does not contain coarse aggregate, and possess many beneficial like low density and high strength then 

conventional concrete. Compressive strength of foamed concrete reached to the structural strength of autoclave concrete.   

Daniela Mackova, Marcela Spisakova Kosice (2015)  discussed the difference between the modern method of construction 

(MMC) made from insulating material & traditional building made from brick system, compare & analyze, through case study, 

cost, technological and technical parameter, analyzed through questionnaire survey. Choose of three construction system i.e 

Durisol unit, Medmax blocks and Porotherm blocks. Concluded after multi-criteria optimization chosen Durisol unit as best 

method - insulating concrete framework system 

Magdalena Furmanek, Krzysztof (2015)  made an attempt to analyse how construction & insulation material use for wall of 

sports hall, cost involved in it, thickness of wall ,time needs to balance the investment expenditure involved in construction is 

calculated, energy efficiency of constructed project is calculated.  Concluded that energy consumption of the building varies - 
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from low thermal insulation of wall (25-35)% to a great extent, so design stage should include the process of optimization. 

Shweta O. Rathi, P. V. Khandve India (2015) studied on to make replacement of red bricks with eco-friendly Autoclaved 

Aerated Concrete (AAC) blocks, comparing cost of conventional and non-conventional materials, discussed manufacturing 

process of Autoclaved Aerated Concrete (AAC) and its advantages. They concluded that cost of construction reduces up to 20% 

of the total cost, dead load of structure reduces, AAC also reduce the requirement of materials like cement and sand up to 50%. 

Shri Krishna Gurlhosur et al.., India (2015) studied for the various properties of bricks of fly ash & analyzed cost estimation of 

these bricks, compared fly ash bricks with the normal burnt clay by testing on different properties, such as acid test, alkali test, 

compressive strength test etc. by adding in different ingredient in different proportion. Mixing ratio is made for 7th, 14th, & 21st 

day. They concluded that after alkali & acid test compressive strength was 10 N/mm2 and 11.5 N/mm2 respectively, water 

absorption was found to be 3.48% after 1 day of exposure, addition of optimum quantity of super plasticizer was obtained. 

Surabhi, Anil Kumar Chaudhary, MPSPS College Mumbai India (2015) investigated the impact of expanding urbanization 

and industrialization, waste produced by them, effect on environment after dumping and recycling the waste produced by them, 

major concern is on fly ash, thermal power plants is its  main source of production in India. They concluded that more than 700 

million tons of fly ash is produced currently in world out of this India is producing nearly about 112 million tons  from coal based 

thermal power plants. 

K. Mahendran et al.., Nashik (2016) makes a comparative study on various building blocks as an alternative of burn 

(conventional) bricks, and made comparison between CLC blocks, Autoclaved Aerated Concrete (AAC) blocks etc. Different 

tests has been done on it i.e bulk density, compressive strength test, water absorption test, thermal conductivity test and make 

comparison b/w costs of different bricks. Conclusion after all is that the clay bricks have their own limitation but we can use it as 

an alternative because it has many desirable properties. 

R. V. Shinde, S.D. Vikhe, S.N. Pawar, D.D Tekale India (2016) studied for engineering properties of fly ash such as volumetric 

shrinkage, density of   bricks for construction with different ingredient i.e. fly ash, clay, sand, cement, sand dust, lime and gypsum 

at different proportions. They concluded that after testing for different for mixing of material out of these mixture of fly ash-lime, 

gypsum bricks are very good product which can fulfil requirement of approx. properties of  conventional bricks and gives 

maximum strength of 174 Kg/cm2 for mix of 40:30:20:10: respectively. 

Ankit Pahade, Pranay Khare India (2016) compared the AAC blocks-Gypsum plaster with Burnt red clay bricks-Sand cement 

plaster for water consumptions and emission of carbon dioxide in brick manufacturing. Concluded that gypsum plaster required 

less water for curing, AAC are extremely resource efficient and eco-friendly, wherever is possible can make this replace; it will 

contribute saving water in national interest. 

P. P. Gadling, Dr. M.B. Varma India (2016) made comparative study for the properties of fly ash and normal clay bricks such 

as compressive strength, absorption coefficient & compare them, using some additive material with fly ash to enhance its 

properties and concluded that solid waste can dispose off by using products of fly ash, compressive strength of fly ash bricks is 

1305 psi (9N/mm2), combination of fly ash with clay in 40% and 60% will give best result, fly ash bricks shows less damage 

when exposed in salt crystallization cycle . 

Rupnarayan Sett India (2017) studied on different characteristics of fly ash, impact of it on environment, vegetation and many 

other problems related to fly ash, the possible utilization of fly ash and use of fly ash in filling mines, biological reclamation of fly 

ash by forest plantation, ecological sensitive toxic substances released by fly ash. He concluded that fly ash is the harmful solid 

waste which is affecting environment and vegetation directly or indirectly. Type of fly ash produced is depend on the type of coal 

is being burnt in power plants. 

Ashish Kurweti et al.., India (2017) compared different physical properties of different type of light weight concretes used 

worldwide, these are (AAC)Autoclaved Aerated Concrete, (CLC) Cellular light weight concrete and fly ash by different other 

ingredient at different proportion. They concluded that all type of light weight concrete show different durability and bearability 

and have their own comfort zone.  

Manish Kumar Sahu, Lokesh Singh India (2017)  explain manufacturing of fly ash bricks over burnt clay specially in 

developing country, advantages of fly ash bricks over conventional bricks or red bricks. They concluded that fly ash bricks use 

50% of fly ash without using clay; it can help in reduction of pollution and save energy and can make sustainable development. 

No requirement of soaking bricks in water for 1 day before. 

Mayank Kumar et al.., India (2017) estimate for fly ash to use for building blocks, characteristics of fly ash and benefits of 

using it in building construction units and shows effects after testing and the preferences over customary mud bricks. They 

concluded that use of fly powder is a proficient, valuable and productive way; fly ash blocks have security that is 44% higher than 

the standard mud block, resistance to rehashed cycle of salt introduction, zero loss of mass. 

Hari Sankar K C et al..,India (2017) compared  between burnt clay or red  bricks with Autoclaved Aerated Concrete (AAC) 

blocks, compare different physical and chemical properties of both the bricks, describe material used and method of preparing, 

makes experimental studies through different tests conducted such as compressive strength, water absorption, thermal 

conductivity, bulk density. They concluded that AAC block cannot be used in structural wall due to some disadvantages against 
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burnt clay brick, compressive strength is also less than burnt clay. 

Sandip M. Rathod, Prof. Yogesh V. Akbari India (2013) studied the use of silica fume in AAC blocks by replacing cement by 

various  amount 0%, 2.5%, 5%,7.5%,10%,12.5%, 15%,17.5%, 20%, 22.5%, 25%. They discussed the performance of Autoclaved 

Aerated Concrete (AAC) blocks using silica fume with checking of different properties like durability tests, moisture content. 

They concluded that there is no negative effect of silica fume along with AAC blocks, compressive strength is increased by 80% 

when silica is used by 15%. For good mechanical and physical properties of blocks optimum silica required is 15%. 

Satish Kumar. B, Sukuma. R, Srinath G.S, India (2017) analyzed Autoclaved Aerated Concrete (AAC) experimentally and 

classified its different properties for different purpose. They concluded that it can reduce cost up to 20 %, use of AAC block can 

reduce requirement of material up to 50%, AAC product includes masonry blocks, wall panels, floor and roof panel, compressive 

strength of AAC block is greater than hollow block and also light in weight in comparison of hollow block. 

Bhosale Nikita K., Dr A. C. Attar India (2018) conducted different case studies to check the business model canvas of 

Autoclaved Aerated Concrete (AAC) block manufacturing units, discussed about value proposition, customer segment, cost 

structure etc. They concluded that this model has greater positive impact on aspect of business like sales, production and 

manufacturing etc.  

Utkarsh Jmain, Muskan, Smriti Mandaokar India (2018) made comparative study between traditional clay bricks and AAC 

blocks under seismic loading, studied difference between economical, constructional and structural properties. In this attempt they 

has to replace the clay bricks with AAC blocks and concluded that availability of AAC blocks is still a challenge in India, AAC 

block leads for  saving in overall cost, leads to reduce pollution by cause of burning of bricks. 

Janani. R1, Pradeep Kumar. K2 India (2018) studied the detailed properties of Autoclaved Aerated Concrete (AAC) blocks 

and make performance evolution AAC concrete blocks, studied its advantages and compare AAC blocks with red clay bricks. 

After doing test concluded and recommended for using AAC blocks, it reduces cost of building and requirement of materials, this 

can be used in architectural, structural and material component of buildings, and it also reduces the time period of construction of 

building. 

From most of the literatures it was observed that the Light weight, lesser dense, porous nature of a building material provides 

better sound insulation/absorption, less thermal conductance and thermal diffusivity. The thermal conductivity of porous materials 

like AAC is found out majorly by two methods, heat flow method and guarded hot plate method. 

Use of Fly ash in brick/block makes masonry unit lighter and efflorescence resistant with greater compressive and tensile 

strength. Use of cement as binder protect for baking masonry unit at high temperature, which saves for embodied energy 

consumption where as some embodied energy due to the use of high embodied energy material i. e. cement.  AAC block is also 

sustainable masonry material. 

Introduction of fibres in AAC during casting helps to increase strength in terms of compressive strength, tensile strength and split 

tensile strength. Among these fibres basalt fibre shows low thermal conductance.  

3.   ANALYTICAL STUDY  

3.1  Assumptions  

*  Labor cost for manufacturing same type of block is same for all districts/areas within Uttar Pradesh region.  

*  Assuming that Government of Uttar Pradesh and the Government of India has strictly applied all Gazette notifications 

and regulations regarding to- 

i) use of Fly-ash in construction activities. 

ii) restriction for excavation of top soil for manufacturing bricks and other construction activities. 

iii) setting up of new clay brick kiln. 

iv) noise pollution. 

v) sustainable building construction practices. 

vi) affordable housing and Housing for all. 

* Fly-ash is abundantly available at no cost from every coal or lignite based thermal power plant. 

*  Government of India is promoting utilization of fly-ash produced by coal or lignite based thermal power plants, in 

manufacturing of building materials and construction activities. 

*  The cost of transportation of fly-ash within a radius of hundred kilometers from a coal or lignite based thermal power 

plant is borne by such coal or lignite based thermal power plant and the cost of transportation beyond the radius of hundred 

kilometers and up to three hundred kilometers is shared equally between the user and the coal or lignite based thermal power 

plant. 
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* Minimum 50 % fly-ash content of total input materials by weight should be present in building material or product to 

qualify as “Fly-ash based product” category in case of Fly-ash bricks, blocks, tiles etc made with fly-ash, lime, gypsum, sand, 

stone dust etc (without clay). 

* Minimum 25 % fly-ash content of total raw materials by weight should be present in building material or product to 

qualify as “Fly-ash based product” category in case of Clay based building materials such as bricks, blocks, tiles etc. 

* All the materials are to be transported by twelve wheeler trucks of 20 tones capacity. 

*  Assuming transportation cost of Fly-ash is Rs.1000/- per ton for the distance less than 15 km from the source.  

*  Ordinary Portland cement (OPC) 53 Grade is always available and used for producing Fly-ash based bricks/blocks in all 

districts of Uttar Pradesh.  

*  Size of Conventional fired red clay brick and Fly-ash brick is kept same as 230 x 110 x 75 mm. 

* Proper management has done by every stakeholder and at every stage such as in transportation, storage and use of Fly- 

ash to provide safeguard for our environment because toxic nature heavy metals (Cd, As, Ni, Pb, Sb, Cr etc.) generally presents in 

the Fly-ash. 

3. 2 Methodology of Analytical study 

For analytical study, key information and data collected from Internet, Academic websites, Case studies, Journals, Reports and 

Books and by Survey etc. which have put in tabular form with all identified parameters. In view of past researches, assumptions 

and central/state Government notifications/regulations whole data has been analyzed significantly as below. Necessary 

calculations and base work have done in rough sheets or by using computer software separately. Average values have taken for 

any range. 

3. 2 Comparison of data 

Table- 1, Comparison of total cost of materials and labor for 8 to 9 Inch thick 100 sq ft wall 

construction using different masonry units 

Type of 

Masonry 

unit 

Size 

of 

Bric

k/ 

Bloc

k (in 

mm) 

Bricks/ 

Blocks 

15 mm joints fill 

(Mortar @ 1 : 6) 
Plaster (Mortar @ 1 : 2) 

Total 

cost 

of 

Labo

r (in 

Rs.) 

Wall 

cost 

in Rs. 

= 

(3*4)

+ 

(5*6)

+(7*8

)+(9*

10)+ 

(11*1

2)+13 

Rate 

per 

sqft 

Wall 

constr

uct 

(in 

Rs.) 

Rema

rk 

Cement 

Bags 

Coarse 

Sand (cft) 

Cement 

Bags 

Coarse 

Sand (cft) 

Qua

ntity 

(in 

nos.) 

Rat

e 

(in 

Rs.

) 

Qua

ntity 

(in 

nos.) 

R

at

e 

(in 

Rs

.) 

Qua

ntity 

(in 

cuft) 

Rat

e 

(in 

Rs.

) 

Qua

ntity 

(in 

nos.) 

Rat

e 

(in 

Rs.

) 

Qua

ntity 

(in 

cuft) 

Rat

e 

(in 

Rs.

) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Conventi

onal fired 

clay red 

brick 

230 

x 

110 

x 75 

826 7 4.8 
35

0 

81.5

4 
70 3.8 350 9.33 70 4927 20095 201 

16 mm 

Plaste

r on 

both 

side 

Fly ash 

brick 

230 

x 

110 

x 75 

826 5.5 4.8 
35

0 

81.5

4 
70 2.4 350 5.83 70 4657 17842 178 

10 mm 

Plaste

r on 

both 

side 

Hollow 

concrete 

block 

400 

x 

200 

x 

200 

104 75 2.9 
35

0 

70.0

0 
70 1.2 350 2.92 70 3232 17574 176 

10 mm 

Plaste

r on 

outer 

face 

Autoclav

ed 

Aerated 

Concrete 

(AAC) 

block 

400 

x 

200 

x 

200 

104 48 2.9 
35

0 

70.0

0 
70 2.4 350 5.83 70 4337 16488 165 

10 mm 

Plaste

r on 

both 

side 
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Cellular 

Lightwei

ght 

Concrete 

(CLC) 

block 

400 

x 

200 

x 

200 

104 47 2.9 
35

0 

70.0

0 
70 2.4 350 5.83 70 4337 16384 164 

10 mm 

Plaste

r on 

both 

side 

Ceramic 

block 

(Porother

m HP) 

400 

x 

200 

x 

200 

104 65 2.9 
35

0 

70.0

0 
70 2.4 350 5.83 70 4337 18258 183 

10 mm 

Plaste

r on 

both 

side 

 

 

 

Graph- 9, Comparison of different Masonry units’ w.r.t. Cost of 8 to 9 inch thick 

masonry wall construction 

Table-1 gives result that Cellular Lightweight Concrete (CLC) block costs lowest as Rs.164/- per sqft for masonry construction 

including both sides plastering, where Autoclaved Aerated Concrete (AAC) block costs Rs.165/- for same, but CLC block not 

contained Fly ash as raw material. CLC block made of Fly-ash become competitor for Autoclaved Aerated Concrete (AAC) 

block. 
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Table- 2, Comparison of Average values of various Parameters for different types of Masonry Bricks/Blocks 

Type of 

Brick/ Block : 

Conventional 

fired clay 

brick 

Fly ash brick 

Hollow 

concrete 

block 

Autoclaved 

Aerated 

Concrete 

(AAC) block 

Cellular 

Lightweight 

Concrete 

(CLC) block 

Ceramic 

block 

(Porotherm) 

Parameters : 1 2 3 4 5 6 

Basic Raw 

materials 

required for 

production 

Top 

agriculture 

soil/clay, 

Water 

including 

primary 

energy input 

Powdered Fly 

ash, Lime, 

Gypsum, 

Sand and 

Water 

Cement, Fine 

aggregate, 

Coarse 

aggregate and 

Water 

Cement, Fly-

ash, Lime, 

Gypsum, Air 

entraining 

agents and 

Water 

Cement, Lime, 

Specially 

grinded sand, 

Foam and 

Water 

Clay and 

Water with 

High energy 

input 

Raw material 

availability 

Materials are 

available 

locally 

everywhere in 

U.P. region, 

Central/State 

Government 

restricted for 

excavation of 

agriculture 

soil/clay. 

Materials are 

available 

easily 

everywhere in 

U.P. region as 

and when 

required. 

All materials 

are easily 

available 

everywhere in 

U.P. region as 

and when 

required. 

Materials are 

available 

easily 

everywhere in 

U.P. region as 

and when 

required. 

Materials are 

available 

easily 

everywhere in 

U.P. region as 

and when 

required. 

Materials are 

available 

locally 

everywhere in 

U.P. region but 

Central/State 

Govt. 

restricted for 

excavation of 

agriculture 

soil/clay. 

Production 

process and 

Set-up 

Soil kneaded 

with water 

and shaped 

using moulds, 

dried in open 

atmosphere, 

burnt in Brick 

kiln. 

Finely 

grinded Lime 

& Gypsum 

uniformly 

mixed with 

Fly-ash & 

Sand and then 

Cement in 

Pan mixer. 

0.6% water 

added in Pan 

mixer. Wet 

mix shaped 

by Hydraulic 

press 

moulding 

machine, 

dried in air 

for 2 to 3 

days then 

curing with 

water done. 

Concrete mix 

prepared by 

adding all raw 

materials with 

appropriate 

proportion in 

concrete 

mixer. Mix 

filled in 

moulds of 

auto press 

moulding 

machine and 

then dried in 

open air for 24 

hours, curing 

by submerging 

in water for at 

least 7 days. 

Raw materials 

mixed using 

Ribbon mixer 

and shaped 

using Mobile 

(Egg laying) or 

Stationary 

moulding 

machine, dried 

in open 

atmosphere for 

24 hours, 

curing by 

submerging in 

water for at 

least 7 days. 

Raw materials 

mixed using 

Ribbon mixer 

and shaped 

using Mobile 

(Egg laying) 

or Stationary 

moulding 

machine, dried 

in open 

atmosphere for 

24 hours, 

curing by 

submerging in 

water for at 

least 7 days. 

Clay and 

Water mixed 

with other 

ingredients 

uniformly and 

then moulded 

in précised 

fully automatic 

plant, baked 

with High 

energy input. 

All jobs done 

by fully 

automated 

mechanism 

under high 

grade 

supervision. 

Size/ 

Dimension               

(L x B x H)            

in mm 

205-230 x 95-

110 x 60-75                         

(Typically 

Shape & 

Size) 

220-230 x 

105/110/115 

x 65-75                       

(Typically 

Shape & 

Size) 

200-390/400-

600 x 100-200 

x 200-225               

(Shape & Size 

may vary with 

Mould's 

design) 

255-625 x 

90/100 

/150/200/300 x 

200                                    

(Any Shape & 

Size may given 

by Mould/Cut) 

255-600 x 

100/150/ 

200/300 x 75-

200                          

(Any Shape & 

Size may 

given by 

Mould/Cut) 

200/400 x 

100/150/200 x 

200                        

(Patented 

typical Shapes 

& Sizes) 

Dimensional 

stability 

Unstable and 

Uneven 

dimensions 

(as 

Handmade). 

Uniform 

dimensions 

(as Machine 

made) but 

some brittle 

Stable and 

Uniform 

dimensions as 

Machine 

made. 

Uniform 

dimensions (as 

Machine 

made) but 

some brittle 

Uniform 

dimensions (as 

Machine 

made) but 

some brittle 

Highly Stable 

and Uniform 

dimensions as 

Machine 

made. 
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Type of 

Brick/ Block : 

Conventional 

fired clay 

brick 

Fly ash brick 

Hollow 

concrete 

block 

Autoclaved 

Aerated 

Concrete 

(AAC) block 

Cellular 

Lightweight 

Concrete 

(CLC) block 

Ceramic 

block 

(Porotherm) 

nature. nature. nature. 

Dimensional 

tolerence 

Variation in 

dimensions is  

(+/-) 5 mm. 

Variation in 

dimensions is  

(+/-) 1 mm. 

Variation in 

dimensions is  

(+/-) 3 mm. 

Variation in 

dimensions is  

(+/-) 1 mm. 

Variation in 

dimensions is  

(+/-) 5 mm. 

Variation in 

dimensions is  

(+/-) 2 mm to           

(+/-) 8 mm. 

Colour 

Varying as 

per soil 

(generally 

Red) 

Uniform, 

Grey (like 

cement) 

Uniform, Grey 

(like cement) 

Uniform, 

Whitish Grey 
Uniform, Grey Uniform, Red 

Appearance 

Uneven 

Shape, Size 

and Colour. 

Uniform 

Shape, Size 

and Colour. 

Uniform 

Shape, Size 

and Colour. 

Uniform 

Shape, Size 

and Colour. 

Uniform 

Shape, Size 

and Colour. 

Uniform 

Shape, Size 

and Colour. 

Weight (in kg) 3.23 - 3.76 2.50 - 3.00 2.25 - 17.10 2.00 - 4.724 2.20 - 5.00 3.20 - 11.10 

Density in 

kg/m³ 
1600 - 1984 1270 - 1700 1000 - 1500 550 - 750 300 - 1800 700 - 800 

Average 

Compressive 

strength in 

N/mm² 

(+/-) 5.50,                  

where Range 

is 3.43 - 6.37 

N/mm² or 35-

65 kg/cm2 

(+/-) 7.50,                  

where Range 

is 6.86 - 8.82 

N/mm² or 70-

90 kg/cm2 

(+/-) 3.50,                  

where Range 

is 2.45 - 3.92 

N/mm² or 25-

40 kg/cm2 

(+/-) 4.00,                  

where Range is 

3.43 - 4.90 

N/mm² or 35-

50 kg/cm2 

(+/-) 2.75,                  

where Range 

is 2.45 - 2.94 

N/mm² or 25-

30 kg/cm2 

≥ 3.50 

Water 

Absorption 

20-25 % of 

water by total 

volume 

6-12 % of 

water by total 

volume 

6 % of water 

by total 

volume 

8 - 10 % of 

water by total 

volume 

10-12 % of 

water by total 

volume 

15 % by 

weight     

U value for 8" 

thick wall 

(W/m2K) 

1.68 1.15 1.42 0.70 0.40 1.00 - 1.70 

Thermal 

conductivity 

(in W/mK) 

depending on 

density 

0.40 - 0.84,            

Requires 

more energy 

for cooling of 

the 

environment 

within 

enclosure. 

0.36,                                   

Better 

thermal 

insulation. 

Comfortable 

atmosphere 

inside the 

house. 

0.63,                  

Thermal 

insulation is 

better than 

conventional 

fired clay 

brick. 

0.16 - 0.24,                 

Better thermal 

insulation. 

Comfortable 

atmosphere 

inside the 

house. 

0.09 - 0.12,                   

Thermal 

insulation is 

outstanding. 

Much 

comfortable 

inside 

atmosphere. 

Better thermal 

insulation. 

Comfortable 

atmosphere 

inside the 

house. 

Specific Heat 

(J/kg K) 
800 857 1000 1000 1000 - 

Embodied 

Energy 

(MJ/m³) 

2235 1341 819 818 - - 

Embodied 

Energy 

(kWh/m² year) 

29 28 27 27 27 - 
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Type of 

Brick/ Block : 

Conventional 

fired clay 

brick 

Fly ash brick 

Hollow 

concrete 

block 

Autoclaved 

Aerated 

Concrete 

(AAC) block 

Cellular 

Lightweight 

Concrete 

(CLC) block 

Ceramic 

block 

(Porotherm) 

Operating 

Energy 

(kWh/m² year) 

174 169 172 167 167 - 

Life Cycle 

Energy- LCE 

(kWh/m² year) 

203 197 199 194 194 - 

LCE savings 

in 75 years 

life span over 

Fired Clay 

brick 

Base case 3.20% 1.90% 4.70% 4.70% - 

Sound 

Insulation 
Normal 

Better Sound 

absorption/ 

insulation as 

compared to 

bricks 

Better Sound 

absorption/ 

insulation as 

compared to 

bricks 

Superior for 

Sound 

absorption/ 

insulation as 

compared to 

bricks 

Superior for 

Sound 

absorption/ 

insulation as 

compared to 

bricks 

Superior for 

Sound 

absorption/ 

insulation. 

Efflorescence Present 
No 

Efflorescence 
Negligible 

No 

Efflorescence 
Negligible Slight 

Fire resistance 

(8" wall) 

Around 2 

Hours 
Upto 4 Hours Upto 4 Hours 

Around 4 

Hours 

Around 4 

Hours 

Around 4 

Hours 

Execution 

simplicity 
No. No. No. Yes. Yes. Yes. 

Time saving 

per m3 wall 

construction 

Base case 10% 30% 50% 45% 40% 

Savings in 

Structural cost 

and 

Reinforcement 

Base case 

Upto 5% due 

to light 

weight of the 

material 

Upto 10% due 

to light weight 

of the material 

Upto 15% due 

to light weight 

of the material 

Upto 15% due 

to light weight 

of the material 

Upto 15% due 

to light weight 

of the material 

Savings in 

Transportation 

cost w.r.t. 

vehicle load 

capacity 

Base case 

Upto 26% 

due to light 

weight as per 

density. 

Upto 30% due 

to light weight 

as per density. 

Upto 62% due 

to light weight 

as per density. 

Upto 59% due 

to light weight 

as per density. 

Upto 55% due 

to light weight 

as per density. 

Cost per sqft 

for 8" to 9" 

thick wall 

construction 

Rs. 201/- Rs. 178/- Rs. 176/- Rs. 165/- Rs. 164/- Rs. 183/- 

Sustainability 

of masonry 

construction 

Not 

sustainable. 
Sustainable. 

Not 

sustainable. 
Sustainable. Sustainable. Sustainable. 
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Type of 

Brick/ Block : 

Conventional 

fired clay 

brick 

Fly ash brick 

Hollow 

concrete 

block 

Autoclaved 

Aerated 

Concrete 

(AAC) block 

Cellular 

Lightweight 

Concrete 

(CLC) block 

Ceramic 

block 

(Porotherm) 

Range of 

Application 

Load bearing 

& Non-load 

bearing walls 

Load bearing 

& Non-load 

bearing walls 

Load bearing 

& Non-load 

bearing walls 

Non load 

bearing wall or 

partitions in 

framed RCC 

structure, 

Thermal 

insulation 

facade. 

Non load 

bearing wall or 

partitions in 

framed RCC 

structure, 

Thermal 

insulation 

facade. 

Non load 

bearing wall or 

partitions in 

framed RCC 

structure, 

Thermal 

insulation 

facade. 

Advantages 

1. Available 

everywhere in 

region.                             

2. Used for 

Non-load 

bearing & 

Load bearing 

masonry.                      

3. 

Decentralized 

production in 

tiny scale.                     

4. Not much 

skill required 

for 

production. 

1. 

Decentralized 

production in 

tiny scale.                           

2. Utilization 

of industrial 

waste.                     

3. Less costly 

& Energy 

efficient.             

4. 

Environment 

friendly.                  

5. Lighter in 

weight.             

6. Thin 

plaster 

required.                         

7. Less 

porous & 

dense 

composition.                     

8. Saving of 

fertile land & 

pure water. 

1. Minimum 

25% lighter in 

weight in 

comparison of 

solid concrete 

blocks and 

saves material.             

2. Structurally 

stronger than 

bricks.                  

3. No dressing 

work.                    

4. Not much 

skill required.                      

5. Mortar 

saving.                   

6. Better 

insulating 

against Heat, 

Sound & 

Dampness.                         

7. No 

plastering 

required.                                 

1. Light 

weight.         2. 

Time, Cost and 

Energy 

efficient.             

3. Larger size.             

4. Fire 

Resistant.                 

5. Thin 

plastering.                  

6. Savings in 

LCE.                   

7. Better sound 

insulation.                 

8. Saves cost 

of RCC frame 

due to lower 

dead load.                      

9. No curing 

required.                     

10. Saves 

mortar & fresh 

water.                    

11. Utilization 

of industrial 

waste.                   

12. 

Sustainable.                     

13. Ease of 

workability.                

1. Light 

weight.         2. 

Time, Cost 

and Energy 

efficient.             

3. Larger size.             

4. Fire 

Resistant.                 

5. Thin 

plastering.                  

6. Savings in 

LCE.                   

7. Better 

sound 

insulation.                 

8. Saves cost 

of RCC frame 

due to lower 

dead load.                      

9. No curing 

required.                     

10. Saves 

mortar & fresh 

water.                       

11. 

Sustainable 

construction.                     

12. Ease of 

workability.                

1. Light 

weight.         2. 

Time & Cost 

efficient.             

3. Larger size.             

4. Fire 

Resistant.                 

5. Thin 

plastering.                  

6. Better sound 

insulation.                 

7. Saves cost 

of RCC frame 

due to lower 

dead load.                     

8. No curing 

required.                     

9. Saves 

mortar & fresh 

water.                                

10. Sustainable 

construction.                     

11. Ease of 

workability.                

Limitations 

and 

Disadvanta-

ges 

1. Energy 

intensive due 

to high temp. 

required in 

kiln.                     

2. Fertile 

agriculture 

soil/clay 

degradation, 

which 

restricted by 

Central/State 

Government.                               

3. Higher 

time & cost 

involved.                     

1. Fly ash is 

toxic nature 

material 

contains Cd, 

As, Ni, Sb, 

Pb, Cr etc.  

Hence, cost 

of required 

safeguard 

involved.       

1. Difficulty in 

groove cutting 

and nailling 

etc.        2. Not 

fit for U.P. 

region due to 

non use of fly 

ash.  

1. Fly ash is 

toxic nature 

material 

contains Cd, 

As, Ni, Sb, Pb, 

Cr etc.  Hence, 

cost of 

required 

safeguard 

involved.       

1. Not fit for 

U.P. region 

due to non use 

of fly ash.  

1. Highest 

Embodied 

Energy 

involved.                            

2. Not fit for 

U.P. region 

due to non use 

of fly ash.                            

3. Fertile 

agriculture 

soil/clay 

degradation, 

which 

restricted by 

Central/State 

Government. 
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3. 3 Discussion on results 

According to the Gazette of India dated 26.01.2016- "Within a radius of 300 km from a coal or lignite based TPP, every building 

construction agency shall use only Fly-Ash based products for construction." Also, there is a restriction by Central/State 

Governments for excavation of agriculture soil/clay. So, only those Masonry Bricks/Blocks can be used in U.P. region, which 

contains Fly-ash as raw material in place of agriculture soil/clay. Thus, the soil degradation can be prevented and also helps to 

promote the use of Fly-ash. Hence, Conventional fired clay brick, Solid and Hollow concrete blocks, CLC block and Ceramic 

block cannot performed in U.P region for their basic raw material. 

As per current data available on "Ash Track" (a mobile app)- During year 2018-19, Fly-Ash generation & it's utilization in UP 

state is 44.513 LMT & 25.445 LMT respectively. Fly-ash is abundantly available in U.P. region at no costs or by paying 

transportation cost only. So, the Masonry Bricks/Blocks made of Fly-ash becomes cheaper. Advance mechanism/ automatic plant 

and machineries are available in India, which able to meet demand of high quality production. Another aspect is that Light weight 

and Larger size blocks always cost effective in masonry construction. 

 

 

 

Graph- 1, Comparison of different Masonry units’ w.r.t. Density 
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Graph- 2, Comparison of different Masonry units’ w.r.t. average Compressive strength 

 

 

 

 

 

Graph- 3, Comparison of different Masonry units’ w.r.t. Water absorption 

 

 

 

Graph- 4, Comparison of different Masonry units’ w.r.t. U-value for wall thickness of 8 

to 9 inch 

A low U-value (0.30 for wall) usually indicates high levels of heat insulation, so masonry blocks having U-value≤0.30 are 

feasible for facade. 
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Graph- 5, Comparison of different Masonry units’ w.r.t. Life cycle energy 

 

 

 

Graph- 6, Comparison of different Masonry units’ w.r.t. Saving in time per cubic 

meter wall construction 

 

 

188

190

192

194

196

198

200

202

204

Conventional fired
clay brick

Fly ash brick Hollow concrete
block

Autoclaved
Aerated Concrete

(AAC) block

Cellular
Lightweight

Concrete (CLC)
block

Life Cycle Energy- LCE (kWh/m² year)

0

10

20

30

40

50

60

Conventional
fired clay brick
[i.e. Base case]

Fly ash brick Hollow concrete
block

Autoclaved
Aerated

Concrete (AAC)
block

Cellular
Lightweight

Concrete (CLC)
block

Ceramic block
(Porotherm HP)

Time saving per m3 wall construction w.r.t. Clay brick (in %)

http://www.jetir.org/


© 2019 JETIR  April 2019, Volume 6, Issue 4                                          www.jetir.org  (ISSN-2349-5162) 

 

JETIR1904J54 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 423 

 

 

 

Graph- 7, Comparison of different Masonry units’ w.r.t. Saving in cost of Concrete 

structure including Reinforcement 

 

 

 

Graph- 8, Comparison of different Masonry units’ w.r.t. Saving in Transportation cost 

of masonry unit 

3. CONCLUSION 

In light of various aspects, the suitability and acceptability of masonry block for Uttar Pradesh region with optimum cost, to 

minimize overall cost for masonry construction with saving in time spent during masonry construction including with ease of 

work and sustainability in masonry construction, it is concluded that Autoclaved Aerated Concrete (AAC) block is winner, 

showing feasibility. Where, Cellular Lightweight Concrete (CLC) block using fly ash may take place as competitor. Using AAC 

blocks made of Fly ash in masonry construction will played an important role to adopt New Masonry System (NMS), which 

changes traditional masonry practices by increased block dimensions, following a complete modular approach, introducing thin 

layer of mortar and smart laying process. It will improved productivity as much as eight times average and decrease waste at 

construction site from a national average of up to 15% to zero. It will also lower CO2 emission by 30% as compared to traditional 
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masonry. Water usage will also reduced by 24%. Thus, direct costs will also goes down by 20%. Fly ash brick may plays its role 

in parallel to fulfil market demand during transition period of completely adopting NMS.  

Use of AAC blocks with NMS will more cost effective and more productive which becomes sustainable, eco and environment 

friendly masonry construction practice. The fundamental nature and purpose of masonry construction will not change structurally. 

In other words we may say that masonry construction using light weight and larger size AAC blocks is the concepts of partial pre-

casting of masonry. 
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