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Abstract— Although building techniques and materials have 

evolved over thousands of years, construction is still a long, 

complex, and expensive process. Construction industry boom 

can be seen in almost all the developing countries. With the 

increase in material costs in the construction industry, there 

is a need to find more cost saving alternatives so as to 

maintain the cost of constructing houses at prices affordable 

to people. There is need to develop an alternative system of 

building component which would impart more benefits and 

are multifunctional with optimum use of labor and material. 

Conventional/ Red bricks are one of the most pre-eminent 

construction material used for construction. The carbon 

dioxide emissions in the brick manufacturing process has 

been certified as a relevant factor to global warming. 

Therefore, it becomes necessary to focus more on pursuing 

environmental solutions for greener environment. To fulfill 

this objective, new construction materials can be used for 

construction. Two such material i.e., Fly Ash brick and AAC 

blocks can be used as an alternative material for construction. 

This project presents brief analysis and Design of building for 

G+10 by using Conventional brick, Fly Ash brick and AAC 

block with gravity load and Live load. Cost analysis is made 

by using Conventional brick, Fly Ash brick and AAC block 

and overall modeling and analysis is done by using STAAD-

Pro software. 
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I. INTRODUCTION 

A building can be defined as an enclosed structure intended 

for human occupancy. However, a building includes the 

structure itself and nonstructural components (e.g., cladding, 

roofing, interior walls and ceilings, HVAC systems, electrical 

systems) permanently attached to and supported by the 

structure. The walls are a very important part of any structure 

since they are the ones which distinguishes the structure from 

the environment. Conventional/ Red bricks are one of the 

most pre-eminent construction material used for construction. 

It is heavy in weight and also carbon dioxide emissions in the 

brick manufacturing process has been certified as a relevant 

factor to global warming. Therefore, it becomes necessary to 

focus more on pursuing environmental solutions for greener 

environment and light in weight. To fulfill this objective, new 

construction materials can be used for construction. Two such 

material i.e., Fly Ash brick and AAC blocks can be used as 

an alternative material for construction. This project presents 

brief analysis and Design of building for G+10 by using 

Conventional brick, Fly Ash brick and AAC block with 

gravity load and Live load. Cost analysis is made by using 

Conventional brick, Fly Ash brick and AAC block and 

overall modeling and analysis is done by using STAAD-Pro 

software. The properties of different types of bricks are 

shown below, which we have used in our project. 

A. Types of Bricks 

1) Red Clay Bricks/ Conventional Brick 

Red clay bricks are generally made by consolidating a blend 

of locally accessible mud and sand with the end goal that the 

ratio of sand is least 30% and maximum 50%. After the blend 

is set into molds they are kept in the sun for around 3 weeks 

for drying or else are prepared in the kiln at 1800°F for seven 

days. It has a size of 225mm X 75mm X 100/150mm with a 

variety size of 5 mm (+/-)4. According to IS codes it has a 

compressive quality of 3.5 N/mm2 and dry thickness of 

1800kg/m3.It can retain 17-20% of water of its aggregate 

volume A single cum of red clay bricks costs roughly around 

Rs. 2440. These bricks have low thermal insulation when 

contrasted with AAC and CLC blocks and has resistance to 

fire for around 2 hours5. These are effectively accessible in 

local stretch and are incredible for development of low rise 

structures, nonetheless one sq. ft. of cover area with clay brick 

walling will devour 25.5 kg of top soil (approx), which 

actually harms the environment and since it has high heat 

conductivity (0.81 Kw-M/C). Hence, there are no noteworthy 

cost savings. These bricks require thick mortar surface as 

there are varieties in the measurements. Cylindrical sewer 

vents or sewage loads require small size of blocks with the 

goal that the curvature can be framed consequently. Red clay 

bricks are valuable, they likewise prove to be useful for both 

load bearing and non-load bearing structure. 

2) AAC Block 

AAC mostly known as Autoclave Aerated Concrete or 

Autoclaved Cellular Concrete is a agile, precast, foam solid 

building material fabricated during mid-1920s that 

concurrently provides framework, fire-mold intransigence 

and insulation. Blocks, wall-panels, floor and roof boards, 

cladding or façade panels and lintels are all produce of AAC 

bricks. The substance was perfected by Dr. Johan Axel 

Eriksson in the Royal Institute of Technology and went into 

manufacturing in the Sweden in 1929. The raw materials in 

order to attain an AAC brick are quartz-sand, fly-ash, air-

entraining agents while lime, and cement and water are used 

as a constraint agent. The size of the bricks is around 400-

600mm X 200mm X 150–300mm with a variation of 1.5 mm 

(+/-).As per IS codes, it maintains a compressive strength of 

3-4 N/mm2 and dry density of up to 550-650 kg/m3 which 

encompasses one third of the weight of clay brick which 

makes it easily portable. It absorbs 10-12% of water of its 

total volume and hence reflects a low thermal conductivity of 

0.24 Kw-M/C and an 8" inch wall of AAC can withstand a 

fire for up to 4 hours. For such bricks there is no top-soil 

consumption, so there is low carbon-dioxide emission. 

Chemical mortars are utilized for adjoining the brick which 

in-turn reduces the consumption of cement and also evades 

the process of curing. These bricks possess good dimensional 

accuracy so there is less requirement of thickness, in internal 

and external plaster. They commit to government taxes in the 

form of central, excise and VAT.A single cum of these bricks 

cost Rs. 4200 and being factory produce, they have high-end 
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consistency and quality, which leads to compensating 

concrete and steel quantities7.However, factory setup for the 

manufacturing of bricks is highly expensive hence, 

sometimes there are issues with its availability. AAC is 

appropriate for urban regions with tall structures and those 

with high temperature varieties and are advisable for non-

bearing and or RCC design in partition wall. 

3) Fly-Ash Brick 

Pulverized fuel-ash frequently known as fly-ash are mineral 

debris which is acquired after smoldering of coal/lignite in 

the boilers. It is a very valuable by-product of pounded coal 

as fuel in thermal power-plants. These are trifling and 

uniformly shaped bricks which not only make it easier for it 

to be transmitted but also acquire less mortar for the purpose 

of brick work and finishing. Being a by-product of thermal 

stations these are less energy embracive and are environment-

friendly. It also recoveries farming area which is utilized for 

assembling clay blocks. Preferably dry ash from 1st and 2nd 

fields of ESP’s are poised to mark up the requirements for a 

Grade 2 IS: 3812 fly ash brick. There are two most common 

compositions of fly-ash bricks – one consisting of 60-65% of 

fly-ash, 20-25% of sand/stone dust, 8-12% of hydrated lime 

and 5% of Gypsum. These are processed into a semi dry 

uniform mix in the vibro press. The bricks are allowed to air-

dry for around 2 days and then water cured for 14-21 days. 

According to IS 3495 codes they have average water 

absorption of more than 20% and dry shrinkage not exceeding 

0.15%. They possess a minimum compressive strength of 10-

12 N/mm2. They are cost efficient to clay bricks with 30% 

reduction in cost i.e. Rs. 1800 for 1000 bricks. These are 

mostly considered as an alternative for clay bricks and are 

highly in demand for construction of paving roads and 

embankment, mine fills and for building various high and low 

rise structures. 

II. SYSTEM DEVELOPMENT     

A.  General 

This chapter presents methodology obtained for this project. 

Although building techniques and materials have evolved 

over thousands of years, construction is still a long, complex, 

and expensive process. Construction industry boom can be 

seen in almost all the developing countries. With the increase 

in material costs in the construction industry, there is a need 

to find more cost saving alternatives so as to maintain the cost 

of constructing houses at prices affordable to people. There is 

need to develop an alternative system of building component 

which would impart more benefits and are multifunctional 

with optimum use of labor and material. Conventional/ Red 

bricks are one of the most pre-eminent construction material 

used for construction. The carbon dioxide emissions in the 

brick manufacturing process has been certified as a relevant 

factor to global warming. Therefore, it becomes necessary to 

focus more on pursuing environmental solutions for greener 

environment. To fulfill this objective, new construction 

materials can be used for construction. Two such material i.e., 

Fly Ash brick and AAC blocks can be used as an alternative 

material for construction. This project presents brief analysis 

and Design of building for G+10 by using Conventional 

brick, Fly Ash brick and AAC block with gravity load and 

Live load. In this flat system, Ground floor is reserved for 

Parking and remaining floors content 4 flats in each floor. 

Plan for flat system are shown on next page. Cost analysis is 

made by using Conventional brick, Fly Ash brick and AAC 

block and overall modeling and analysis is done by using 

STAAD-Pro software.  

B. Model Analysis and Design  

Sample model analysis and design are shown for AAC block 

structure. Whereas scheduling and detailing of Footing , 

column, beams and slab are shown for all the three structure 

i.e. Red brick structure, Fly Ash brick structure and AAC 

block structure. This project presents brief analysis and 

Design of building for G+10 in which Ground floor is 

reserved for Parking and remaining floors content 4 flats in 

each floor. Plan for flat system are shown on next page.  

 
Fig. 1: Plan of Building for All Floors (Except Ground 

Floor) 

1) Material properties 

a) Concrete 

 All components unless specified in design :  M40 grade 

b) Steel 

 Torque reinforcement of grade Fe 500 

 STAAD Pro software is used for analysis and design of 

building.  

 3-D modeling of building frame is done. 

 Sketch of model is attached. 

 Scheduling and detailing of Footing, beams, columns 

and Slab are attached. 

 Footing are design by STAAD FOUNDATION 

software. 

 Slab are design by Excel sheet programming. 

 Estimate and Cost analysis is made by using 

Conventional brick, Fly Ash brick and AAC block in 

Excel sheet programming.  
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Fig. 2: Geometry and Concrete Properties of Structure 

 
Fig. 3: Properties of Column 

 
Fig. 4: Properties of Beam 

2) Loading Data 

W1 For Unit Length   = Volume X Density   

= L x B x D x Density 

= 1 x 0.23 x (3.2-0.3) x 6 

= 4.002 KN/m 

Similar for Others Walls Load is calculated 

For slab: Thickness assume 150mm + FF load 

= (25x0.15) + 1.25 

= 5kN/m2 

Similarly Live Load and Roof Live load Input has been 

Given. 

 
Fig. 5: Dead Load over structure 

 
Fig. 6: Live Load over structure 

If all the geometry, Loading and Design is correct 

STAAD-Pro gives message of zero error. So our design and 

Analysis is correct. 

 
Fig. 7: Analysis and Design for zero error 

 
Fig. 8: Output for column (Design for column) 
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Fig. 9: Output for Beam (Design for Beam) 

 
Fig. 10: Reaction or Footing Load for structure 

 Reaction i.e. Load on footing for column are shown here. 

 Detailing and scheduling of footing for all the three 

structure are given below. 

3) Footing Detailed 

 
Fig. 11:  Design of isolated footing in STAAD 

FOUNDATION 

 
Fig. 12: Design of combined footing in STAAD 

FOUNDATION 

4) Slab Detailed 

 
Fig. 13: Output for Slab (Design for Slab in Excel sheet) 

 Slab Design chart is Prepared by this way. 

 Plan of slab for all the three buildings are given on next 

page. 

 Schedule of slab for all the floors are same. 

 Slab panels content both ONE WAY and TWO WAY 

panels. 

 There are total 8 panels of slabs shown in figure. 

 Schedule for Slab is shown on next page. 

Design of Two Way Slab 
Shorter Clear Span = 4.51

Longer Clear Span = 5.22

SLAB PANEL 4.51 x 5.22  One Long Edge Discontinuous

Slab Thickness 119.63 MM

Factor for countinuity 26.00

Modification Factor 1.45

Cover to slab 15.00 mm

Dia of Bar use 10.00 mm

Structural Properties

Length  ly = 5.34 m

Width lx = 4.63 m

Grade of concrete fcu = 20 N/mm²

Grade of steel  fy = 415 N/mm²

Min % of steel = 0.12

Actual Thickness  Of slab = 139.6286 mm

Tk. Of slab = 140 mm

cover = 15.00 mm

Main Reinf Bar Dia = 10.00 mm

Effective depth = 120 mm

Min. steel req. = 0.0012 x 140 x 1000 = 168 mm²

Density of Concrete = 25 kN/m
3

ly/lx = 1.153 HENCE DESIGN TWO WAY SLAB

Loading :

1. Dead Load :

self weight   = 3.5 kN/m²

Floor finish 75 mm

load due to floor finish 1.875

5.375

2. Live Load = 3 kN/m² as per design spec. 6249-A-119-001

Total Load = 8.375

Factor = 1.5

Factored Load = 12.5625 kN/m²

Design slab : condition: 4 Two Adjacent Edges Discontinuous

negative positive

αx = 0.057 0.043 (Refer P.No.-91 - IS:456)

αy = 0.047 0.035

moment  = αx X w X lx
2

             = αy X w X lx
2

Ultimate Moment = Mu/bd
2

pt Astreqd Astmin provided spacing Astpro pt pro

kN.m dia req. pro.

at support = 15.28 short directn 1.061 0.314 377.4 377.4 10 @ 208.11 200 392.7 0.327 Safe

12.66 long directn 0.879 0.257 308.7 308.7 10 @ 254.407 200 392.7 0.327 Safe

at mid span = 11.49 short directn 0.798 0.232 278.7 278.7 10 @ 281.772 200 392.7 0.327 Safe

9.42 long directn 0.654 0.189 226.5 226.5 10 @ 346.764 200 392.7 0.327 Safe

Check the effective depth :

Max. Ultimate Moment  = 15.28 kN.m

d  = √ (Mu /( 0.138 X fck X b))

  = 74.40 mm  < 120 Safe 

 as per design spec. 6249-A-119-002

 as per design spec. 6249-A-119-002

Total Dead Load                         =
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Fig. 14: Plan of Slab (For All Building) 

III. RESULT AND DISCUSSION 

 
Fig. 15: Quantity of Steel in Beams and Column 

 
Fig. 16: Total Quantity of Steel (Including Footing and 

Slab) 

 
Fig. 17: Quantity of Concrete in Beams and Column 

 
Fig. 18: Total equivalent load on first footing 

 
Fig. 19: Cost of Brick Work in Super Structure 

 
Fig. 20: Quantity of Steel in Footing 

 
Fig. 21: Cost of Internal Plaster 



Economic Design of Alternative to Conventional Bricks in RC Structure 

 (IJSRD/Vol. 7/Issue 05/2019/063) 

 

 All rights reserved by www.ijsrd.com 263 

 
Fig. 22: Total Cost of Building 

 
Fig. 23: Total Cost of Building 

 
Fig. 24: Cost of External Plaster 

IV. SUMMARY CONCLUSIONS AND FUTURE SCOPE 

A. Conclusions 

The Analysis and design is done in STAAD PRO Software 

and from that graphs were prepared in order to compare the 

different models. The main objective of study is to reduced 

steel, concrete and overall cost of building through light 

weight infill materials. From the studies following 

conclusions appears to be justified that the replacement of 

Red brick/ conventional brick infill material with AAC Block 

and Fly Ash brick infill material is economical. 

 Total quantity of steel required in beams and column are 

reduced by 11.25% and 1.75% in AAC Block structure 

and Fly Ash Brick structure respectively compare to Red 

Brick structure. 

 Total quantity of steel required in all over the structure is 

reduced by 10.5% and 1.65% in AAC Block structure 

and Fly Ash Brick structure respectively compare to Red 

Brick structure. 

 Total quantity of concrete required in all over the 

structure is reduced by 14.5% and 6.25% in AAC Block 

structure and Fly Ash Brick structure respectively 

compare to Red Brick structure. 

 Total equivalent load on first footing is reduced by 29% 

and 8% in AAC Block structure and Fly Ash Brick 

structure respectively compare to Red Brick structure. 

 Total quantity of steel required in footing is reduced by 

36% and 10% in AAC Block structure and Fly Ash Brick 

structure respectively compare to Red Brick structure. 

 Total cost of brick work is reduced by 25% in Fly Ash 

Brick structure compare to Red Brick structure. Whereas 

cost of brick work is increase by 8% in AAC Block 

structure compare to Red Brick structure. 

 Total cost of internal plaster is reduced by 55% in AAC 

Block structure and Fly Ash Brick structure compare to 

Red Brick structure. 

 Total cost external plaster is reduced by 75% in AAC 

Block structure and Fly Ash Brick structure compare to 

Red Brick structure. 

 Total cost of building is reduced by 13% and 10% in 

AAC Block structure and Fly Ash Brick structure 

respectively compare to Red Brick structure. 

 Total cost of each flat is also reduced by 13% and 10% 

in AAC Block structure and Fly Ash Brick structure 

respectively compare to Red Brick structure. 

B. Future Scope  

Most of the buildings are multi-storey buildings which are 

made up of RCC frame structure, so it is important to make 

the structure economical. We have replaced the conventional 

red brick with light weight Fly Ash brick and AAC Block. 

More such a light weight infill material can be used in place 

of Red brick such as CLC Block, ALC block etc. We have 

analyse and design G+10 multi-storey building with gravity 

load and Live load, In future  low-rise building and other 

more high-rise building can be analyse and design with 

different types of load such as Wind load, earthquake load 

etc. 

 


