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ABSTRACT 
Precast concrete is a well-known technology in which some standardized 

units, which are manufactured in factories, are used for fast construction. However, 

the technology was developed many years ago but the implementation is not up the 

mark in our country. In this study, we will carry out detailed study of various 

concepts of precast; go through number of literature and methods associated with it. 

We will take one building as a case & Design the same building as a precast building 

& Traditional Cast in-situ building. Here we will make cost analysis as well as 

feasibility check on basis of costing & Duration.  

For study that is more practical, we will make models for each type of 

construction technology considered for comparison for the same building plan. From 

the earlier studies, it is estimated that the performance of the building would greatly 

improve in terms of cost reduction, duration of construction, quality and 

performance of the building. Technology of the prefabrication was developed many 

years ago but the execution is not up the mark in our country. From the literature 

review we can conclude that the precast concrete system is economical than 

conventional cast in place method but still there are some conditions which we have 

to take care of while using precast, those are quantity of construction, Distance of 

site from manufacturing unit, Type of building etc. 

Precast concrete systems represent an efficient alternative for building 

construction. The behaviour of a precast system depends on connections and it 

should be modelled properly in the computational models for analysis and design. 

This study presents the modelling of connections in a wall type precast building 

system. A case study on a 4-storey building, made up of precast wall panels and 

slabs, to study the modelling of vertical joints in terms of shear transfer, would be 

presented in the thesis. Two computational models were investigated to find the 

effect of modelling the vertical joints between the wall panels, on the drifts and the 

generated forces in the walls. The provisions of tie reinforcements, reinforced shear 

keys and dowel bars provide the required structural integrity for the precast system 

to avoid progressive collapse. 
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The objective of this thesis is to complete the first task of the research project 

discussed above. There are two specific objectives: 

(1) To study current modular construction practices to identify advantages, 

disadvantages, and key differences from conventional construction practices. 

(2) To identify opportunities to advance the technology and methodology of modular 

construction. 

Building cost in India is increasing at around 50% over the average inflation 

levels. It have registered amplification of up to 15 % every year, mostly due to cost 

of basic building materials such as steel, cement, bricks, timber and other inputs as 

well as cost of labor. Consequently, the cost of construction using conventional 

building materials and construction is becoming further away than the affordable 

limits particularly for low-income groups of population as well as a large division of 

the middle – income groups. Hence, there is an urgent need to adopt cost-effective 

construction methods either by up-gradation of traditional technologies using local 

resources or applying modern construction materials and techniques with efficient 

inputs leading to cost-effective solutions. This has become the most relevant aspect 

in the context of the large volume of housing needed in both rural and urban areas 

and the consideration of limitations in the availability of resources such as building 

materials and finance. Each state in India is currently investigating the developments 

in the prefabricated system and its potential to overcome the shortages of housing 

accommodation in this country. The Indian government, involved through its 

agency, the Building Materials and technology promotion council (BMTPC) and 

National Urban Housing and Habitat Policy (NUHHP) has been persistently pushing 

the construction industry to utilize the prefab method of construction since the year 

2016. It is a part of an incorporated venture to further improving the aptitude, 

potential, efficiency and competitiveness of the industry as well as to diminish the 

industry's dependence on natural resources and unskilled labour. It is an attempt by 

the Indian construction industry to encourage positive inroads in matters related to 

construction-site safety concerning a working environment that is cleaner, more 

convenient and more organized. This thesis makes an overview of the housing status 

in India and adoption of suitable and cost effective technologies in the country. 
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Being a civil engineer it is our priority to provide cost effective solutions to 

our clients. With the escalating prices, the houses are becoming unaffordable with 

the current technology and hence we needed to explore another types of construction 

systems to reduce the cost of construction. This work is an attempt made to give an 

idea as to how can we reduce the construction cost as well as reduce the construction 

time using the prefabrication technology. This thesis compiles and retrospect the 

developments in the field of prefabricated building systems using GFRG 

construction technology also known as Rapidwall© construction technology in 

India. Glass fibre reinforced gypsum panels, manufactured in standardized parts are 

sections prepared for rapid erection of buildings, as they are ready-made gypsum 

structural panels with hollow cavities. This Rapidwall is employed in residential as 

well as commercial constructed establishments. GFRG walls can be used both for 

esthetical as well as structural component as walls and slabs, with no external 

columns and beams needed. It has currently found great utilization, even without 

exercising complicated codes of structural design, largely for the reason that they are 

environmental friendly. For the cost comparison, the fundamental materials 

considered were three types of building construction method such as low cost 

building using prefabrication technology as GFRG wall panel system and 

Conventional building construction systems like SMRF structure and Load bearing 

wall structure.  
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Chapter 1 

Introduction 

This chapter initiates the thesis and presents the general idea of the research 

that has been undertaken. It provides a background to the research topic, which is 

comparative study between RCC structures and prefabricated structures. It discusses 

about the current challenges and opportunities of the conventional construction 

industry in India. It also particulars the research problem, aim, objectives and the 

need for research. The chapter provides the evidence to support the need of wide 

usage of prefabricated structures in India.  

1.1.  BACKGROUND TO THE RESEARCH 

Previously Roman builders utilized concrete for building of culverts, tunnels etc. 

Now a day’s pre-cast technology include a variety of architectural and structural 

applications, which can be used in various element of building. The process was 

invented by city engineer John Alexander Brodie, Actually idea was not taken up 

broadly in Britain Yet, it was adopted all over the world, The Precast Concrete 

industry focuses on utility, underground, and other non-pre-stressed products, and is 

represented primarily by the National Precast Concrete Association. In this study, we 

have gone through precast structural conception, structure suitability, achievability, 

& cost & time analysis of precast structure. We have also made comparison of both 

precast & Traditional cast in situ construction method based on selected papers. The 

detailed design of precast & RCC building were prepared & costing of both were 

compared.  

In India, RCC Structures are used for Residential as well as commercial 

Buildings but at a very small scale. Post-tensioned Pre-stressed beams are rarely 

used for the same Buildings, or we can say for short Span Buildings. Two Decade 

ago there was a big problem of Skilled Workers for Pre-Stressing work. But now 

there are so many agencies for execution of the same work. In RCC Beams, depth of 

beam increases with increase in Span, because of deflection limitation. Depth of 
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beam can be reduced in Pre-stressed section, for longer span pre-stressed beams are 

cheaper.  

1.2. PRECAST SYSTEMS:  

Depending on the nature of members used, the precast systems can be 

classified into bearing wall system, ordinary moment resisting frame system and 

hybrid dual system. In wall system, the construction is mainly composed of 

structural walls, which transmit the vertical and horizontal forces to the foundation. 

The transfer of flexural capacity requires continuity of vertical reinforcement 

through the height of the wall and it can be provided with coupling of bars or vertical 

post– tensioning. Ordinary moment resisting frame system includes beams and 

columns in which the links are either equivalent monolithic or jointed. Hybrid Dual 

system is a combination of shear walls and OMRF to counter the lateral loads. The 

strength for the structure is supplied by shear walls/cores. 

Connections are the vital part in precast structures. The major challenge in 

designing precast systems is to find an cost-effective and practical method to connect 

the members with adequate strength and ductility for the seismic loading. The 

behavior of the structure mostly depends on the behavior of connections. FIB 

Bulletin 27 (2003) largely classifies precast links into two categories as “equivalent 

monolithic (emulative)” connections and “jointed” connections. This classification is 

based on the nature of connections between the members. In equivalent monolithic 

systems, the connections between the members are designed to emulate the behavior 

of cast-in-place concrete construction.  

The protruding longitudinal reinforcing bars from the members are spliced, 

welded or mechanically connected and then concrete is cast in the joint region. This 

is also termed as a wet connection. As in any other system, seismic considerations 

are crucial in precast buildings. Precast concrete can be used successfully in 

structures designed for earthquake resistance, provided careful attention is given to 

conceptual and detailed design, and to fabrication and erection. The seismic 

performance of a structure is mainly related to its lateral strength, stiffness, ductility 

and unity of the components.  
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The structural behavior of a precast concrete system is greatly different from 

that of a comparable monolithic cast-in place system. The main structural 

differentiation among cast-in-place buildings and precast buildings holds in their 

structural continuity. The structural continuity of conservative cast-in-place 

buildings is inbuilt while in the precast systems, members should be accumulated 

and associated to produce a structural system capable of resisting gravity loads and 

the lateral forces due to wind or seismic loads. The design and detailing of the 

connections are especially important to the performance and integrity of the precast 

structural system. 

Low rise buildings were generally selected in India as common option but 

now a days in India population is rapidly increasing and due to that the requirement 

of construction of medium and high rise buildings is also increasing. Reinforced 

concrete members are mostly used in framing system because this system is most 

convenient and economical for low rise buildings. But for medium and high rise 

buildings this type of structures are no longer economical because of hazardous form 

work, less stiffness, span restriction, and increased dead load. Composite structure 

can be suitable in that case. Composite construction is having wide range of scope. It 

is very crucial to select appropriate type of building as per necessity of owner as well 

as building site. 

As compared to other developing countries, the use of steel for construction 

purpose is very less in India. Steel structural members are prone to local and lateral 

buckling. Concrete structural members are generally thick and less likely to buckle 

but they are subjected to creep and shrinkage with time. Steel is more ductile 

material and so it can absorb more shocks and impact loadings. Thus composite 

structure is built to take the advantage of both of the materials. It is shown that the 

performance of building during an earthquake depends upon several factors like 

stiffness, ductility, lateral strength and simple and regular configuration. So to come 

on a final decision of comparison all three types of buildings should be compared by 

displacement, base shear, storey drift and lateral force. 
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CONVENTIONAL CONSTRUCTION SYSTEMS 

Some of the prevalent construction systems in India are:  

1.2.1. Load bearing Structure: In this system, walls are constructed using 

bricks/stone/block masonry and floor/roof slabs are of RCC/stone/composite 

or truss. It is cast in-situ system and called load bearing system as load of 

structure is transferred to foundation and then to ground through walls. 

1.2.2. RCC Framed Structure: In this cast in-situ system, the skeleton of a 

structure is of RCC column and beam with RCC slab. The infill walls can be 

of bricks/blocks/stone /panels. The load of the structure is transferred through 

beam and column to the foundation. 

1.2.3. Steel framed Structure: Here RCC beam and columns are replaced by hot 

rolled steel sections. 

1.3. SCOPE OF RESEARCH 

Modular construction methods can be widely investigated for a wide 

variety of construction types, including: 

(1) Bridge,       (2) Industrial,  

(3) Light industrial/commercial,    (4) Prison,  

(5) Residential      (6) Ship 

and from a variety of perspectives, including:  

(1) Fabricator,       (2) Project manager,  

(3) Architect,          (4) Structural engineer,  

(5) Engineer,           (6) Erector 

(7) Manufacturer 

Modular construction includes methods in which materials and/or prefabricated 

components are joined together offsite or onsite before being installed to their Final 

position. The three levels of “special construction methods”, which include: 
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 (1) Prefabrication: A manufacturing process, generally taking place at a specialized 

facility, in which various materials are joined to form a component part of the final 

installation. 

(2) Preassembly: a process by which various materials, prefabricated components, 

and/or equipment are joined together at a location away from the final point of 

assembly for subsequent installation. 

(3) Module: a product resulting from a series of offsite assembly operations; it is 

usually the largest transportable unit or component of a facility. 

This research investigates the three modular construction methods, but focuses 

more specifically on:  

(1) Offsite prefabrication 

 (2) Onsite preassembly, which involves assembling components onsite at ground 

level and then erecting them into their final position, and  

 (3) Modularization, which involves the construction of complete 3-dimensional 

large-scaled modules that are fabricated and assembled offsite, transported to the 

construction site, and erected into their final position with minimal fabrication and 

assembly work onsite.  

1.4. RESEARCH PROBLEM STATEMENT 

Following are some of the reason that provoked my interest this topic for 

my thesis work –  

1. To check its Suitability to Indian climatic and hazard conditions. 

2. Cost effectiveness of the emerging technologies in comparison with 

conventional construction system (RCC and masonry construction) 

3. To reduce the dependency on cement, aggregates and water in 

constructions. In particular, the fine aggregate (sand) and water. 

4. To standardized the construction process on manufacturing line to 

improve the quality of construction due to the shortage of skilled labor. 
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5. To check Structural stability. 

6. To analyze Material specification and its durability  

7. To analyze Joints and connections specially for prefabricated system 

8. Speed of construction and quality 

9. Scale of minimum number of houses 

10. Compatibility and adherence of the system to established standards 

11. In addition, traditional construction cannot be green buildings normally. 

But green buildings are the order of the day, in view of energy scarcity 

and, fast depletion of precious natural materials. 

 

1.5. RESEARCH AIM AND OBJECTIVES 

1.5.1. Aim 

This research aims to develop an understanding for usage of prefabricated 

building system in the Indian subcontinent with being environmental friendly 

hand in hand reducing construction carbon footprints. 

1.5.2. Objectives 

The above aim can be reached through following objectives: 

1. To understand and document the prefabrication building paradigm and 

influencing cause through literature review; 

2. To explore the drivers and barriers towards the adoption of prefabricated 

construction in India and document existing practices in our country; 

3. To conceptualize a building framework to assess the maturity level and 

awareness of construction organizations for adopting prefabrication practices 

in India; 

4. To test and authenticate proposed panel system in construction 

organizations in India; 

5. To display findings, reach a conclusion and suggest recommendations. 

The growth of Indian construction is going to turn out to be a fast to fulfill 

(meet) the need of upcoming generation, time efficient and achieving advance 

method. The project work based on time evaluation of precast concrete vs. cast-in-

place (i.e. traditional) concrete. How the total time of building construction by 
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precast concrete system is less than the time by use of conventional system. Time of 

any construction system directly varies with cost of construction. The time essential 

for steel binding, shuttering, concreting then after time required for curing will be 

minimize (7 days). The Precast is manufactured in factory floor (i.e. in controlled 

environment) with required quality, easily mix, and cured until good quantity is 

achieved with desired strength. Precast concrete is manufactured in plant and 

transported to site.  

The strength of precast concrete is achieved on greater extent by using better 

technology and controlled system. For precast construction less labor is required, as 

labors are required only to joint precast members. That way time required for 

excavation, PCC, bar binding, shuttering and de-shuttering is abolished. Precast 

members are cured in factory until desired strength is achieved so no need to cure on 

site, result into saving in time of curing. There gives the time (in days) is saving in 

construction site. Precast construction system enhanced the quality of work, saves 

time, and reduces the cost of construction required for maintenance of work. The 

time for shuttering and de-shuttering is eliminated by using precast, which will result 

into saving total time of construction. The time of rework due to improper work, 

faulty construction method, unskilled labor, material quality, onsite environmental 

problem can also be eliminated by using precast members. 

 The idea of precast (also known as “prefabricated”) construction includes 

those buildings where the majority of structural works are standardized and formed 

in plants in a location away from the construction, and then transported to the site for 

assemblage. These components are manufactured by industrial methods based on 

mass fabrication in order to build a large number of houses in a short time at low 

cost.  

This type of construction requires a reformation of the entire conventional 

construction process to enable interaction among the design phase and production 

planning in order to advance and speed up the construction. One of the main 

premises for achieving that purpose is to design buildings with a regular arrangement 

in plan and elevation.  
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In general, precast construction systems are more economical when 

compared to usual multifamily housing construction (apartment buildings) in many 

countries. 

 Analyze the rate of switching from cast in place to precast concrete. This will 

include:  

• Immediate actual cost of both systems  

• Long term cost of both systems  

• Construction cost of each system  

• Equipment used  

• Material used  

• Machinery needed  

• Storage Area cost  

• Labor cost  

• Transportation Cost of both systems  

• Analyze Structural Load.  

• Analyze Mechanical Load.  

• Compare Duration impacts of both systems on the project schedule. The 

Factors included:  

 Labor differences  

 Placing time (installation)  

 Efficiency of workers  

• Analyze other factors such as safety concerns, logistics and sequencing 

of both systems  
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Chapter 2 

Literature Review 

A study of literature and a survey of industry is conducted. The literature 

study includes the review of technical magazines, journals, and reports, and books. 

The survey of industry would mostly revolve around residential and a little around 

commercial construction. Examples of modular construction projects and general 

modular construction practices are identified from the literature review. The papers 

that were reviewed will range from Indian Universities and local authors to foreign 

universities and foreign authors and architects.  

This chapter presents an understanding of Prefabricated structures and the 

different expressions from the existing literature. The first part documents the 

relevant literature on Prefab, the terminology, the various practices appropriate for 

Indian subcontinent and development strategies. The chapter portrays the larger 

picture of the application of prefabrication techniques across the globe, and attempts 

to identify the similarities that can be inked with respect to the current research area, 

India. In detail, it provides a discussion of the major types of prefabrication, the 

various methods involved, the benefits, the influencing factors, the drivers and 

barriers towards prefab adoption and the critical success factors of panel system.  

The second part covers the literature review in regards to the definition of 

prefabrication, and the various building models in the construction industry, their 

processes and methods. Comparison of both modular and conventional construction 

methods was done to identify the key differences.  

 

2.1 BACKGROUND 

Going through the earlier works and papers published the conclusion driven from the 

referred papers are as follows: 

[1] Radhakrishna G. Pillai - India and most other developing countries are 

witnessing significant Urbanization-Migration. Because of this, most of the 

developing countries are facing huge housing shortage. Cast-In-Site (CIC) 
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construction is not adequate to meet the current and future housing demands. Precast 

Concrete Construction (PCC) is a feasible technology that can be adopted to provide 

affordable mass housing and reduce the housing shortage. It was found that various 

stakeholders have different opinions and there exist no consensus among them on the 

factors hindering the growth of PCC in India. 

[2] Bindurani. P - The emulative monolithic wall system seems to be adequate in 

moderate seismic zones. The provisions of tie reinforcements, reinforced shear keys 

and dowel bars provide the required structural integrity for the precast system. The 

modeling of vertical joints without considering the shear transfer through the shear 

keys, reinforced with shear links, lead to a conservative design. Non-linear shear 

springs can be incorporated in the model to get more realistic wall forces. This will 

lead to a more economical design. 

[3] Bhavin H. Zaveri - Following factors should be considered to decide structural 

suitability.  

i. Seismic performance of the 

structure  

ii. Deformations  

iii. Resultant Forces and Moments 

iv. Cost 

v. Weight 

vi. Fire performance 

[4] U. D. Dabhade – The study shows that the time savings of 55.3% is achieved 

due to use of steel framed composite floor construction rather than precast framed 

with precast concrete floor and 14.3% time than that of steel framed with precast 

concrete slab. The construction of steel framed composite floor building saves time, 

which leads to an overall savings in net cost. 

[5] Krish R. Villaitramani - An effort has been made to show that the prefabricated 

housing innovation system provides a useful organizing tool to enhance the standard 

of living of slum dwellers. Prefabrication has the capability to make a difference 

within the Indian construction industry in economic, social and environmental terms. 

It is essential that the potential benefits of this innovation are yielded so that required 

development can take place. 
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[6] A.R. Santhakumar - Every effort is being taken up to reduce the cost of 

construction in India (especially for the major housing schemes envisaged in the 

Fourth Five Year Plan) by the Government and non-Govemment organizations. The 

work of National Building Organization in promoting the Experimental Housing 

Schemes for effecting economy in building construction and the efforts taken by the 

Indian Standards Institution in bringing out the National Building Code to rationalize 

the methods adopted have been briefly explained. 

[7] Prasad Bhamare - As we have seen various methods of precast, Design, case 

studies of precast & it is found that, the design comes out as economical if proper 

care while designing is taken. We have design the same building by traditional & 

precast method & Notice the Cost & completion duration It is remarkably seen that 

the cost of precast building is significantly reduces & duration of construction is also 

much lesser than traditional method. Type of building etc. we have identified that for 

standard & Repetitive work precast is the best option to choose. In observation the 

most important thing is to be observed project is in precast construction technique is 

the time effective it require less time to construct. 

[8] A. K. Jain - There is an array of technology options available for various 

elements of building construction, leading to cost-effectiveness and at the same time 

not affecting the performance characteristics expected from a decent house. It is 

desirable to have increased understanding of the various materials and technology 

options, its structural and functional characteristics and efficiencies and more 

importantly the methodologies for implementation. Series of follow-up measures to 

enable application of the same would need to be taken. These would cover work 

related to regulatory measures, organizational development needs and also 

technology transfer mechanisms evolved. 

 [9] A.Sattainathan Sharma – In present Indian construction sector, there are very 

less cold-formed trapezoidal profiled steel deck manufacturers. Obviously due to less 

competition, material rates are much higher. But from present status and already 

announced investment, future of Indian steel production industry is very bright for 

cold-formed steel deck sections. So in near future definitely, steel prices will be 
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reduced and steel framed composite floor construction will become competitive in 

Indian construction sector. 

[10] P. Rathna Priya – The Stiffness of the composite structure is found greater 

when compared with RCC structure. Presents work shows that by using Concrete 

Filled Steel Tublar (CFST) column in design of tall buildings provides good results 

when compared to R.C.C and conventional steel building and also economically 

serve as a better solution for tall buildings. 

[11] N.Dineshkumar – The prefab construction for individual double storey 

residential building cost is 13% more than the conventional construction. This is 

main drawback for prefab construction which is not economical to construct in this 

case. At the same time the prefab construction is easy to work and reduces the 

project duration, is reduced by 63 days when compared to the conventional. It’s the 

main advantages for prefab construction and also it helps when there is labour 

shortage. As a result of survey we had known that the prefab construction have more 

advantages and procurement in industrialized, heavy infrastructures. 

[12] Md Azree Othuman Mydin - The prefab system proved to be a success. Not 

only it was efficient in accelerating the construction of housing projects, but it also 

improved the quality and affordability of the projects in which the IBS was 

deployed. Based on different reference materials accepted by authorities in the 

construction fraternity, we have several ways of defining the prefab system. Despite 

the prefab system being well-known and accepted by most construction firms due to 

its theoretical advantage in terms of speed, safety and quality, wet construction 

method is still widely regarded in Malaysia as a conventional and safe option 

regardless of incurring higher costs and slower production rates. 

[13] Fred Edmond Boafo – The building industry is refabricating architecture 

through prefabrication. Similar to the automobile, shipbuilding, and aerospace 

industries, the construction industry aims to deliver an integrated prefab architecture 

that meets design requirements according to budget, quality specifications, as well as 

being on time. Using a case study based methodology, this study was designed to 
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review the classification and actual performance of assorted prefabricated 

architecture. The earliest prefabricated buildings date back to the early seventeenth 

century, when houses were fabricated in England and shipped abroad 

[14] Ryan E. Smith – Prefabrication technology has not transferred as easily when 

compared with other technologies because it is a production technology or 

knowledge based and not a consumption technology or product based. Technology 

transfer of prefabrication is not as pertinent to architects as it is to manufacturers of 

building products, but we are caretakers of culture in the AEC industry. In many 

cases we are asked to help with many of the transfers that are occurring by way of 

global practice or working for multi-national firms that are producing prefabricated 

components and entire buildings for India and elsewhere.  

[15] Xudong Zhao - In recent years, prefabrication has been widely used in the 

building market worldwide, particularly in American, Germany, Scandinavia and 

Japan. Use of the prefabrication techniques in UK house building is still lower, but 

the rate of growth for application is significant. The key issue for promoting 

prefabrication is to seek for potential low cost techniques, including using 

sustainable/recycled materials, such as rammed earth,  blast furnace slag, fly ash, or 

straw, increasing the size and reducing the number of the components used, use of 

modular design of house components, factory based mass production, advanced 

machinery technique, as well as intelligent computer aided design. 

[16] Alireza Baghchesaraei - To accomplish the genuine advantage for building 

administrations gear and conveyance, construction must frame a principal piece of 

the incorporated and composed configuration system for the building. It is possible 

to say that further improvement of prefabrication systems will prompt a closer 

joining between building construction and future potential of prefabrication. 
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2.2 BASE PAPER 

 “Comparative Study on Prefabrication Construction with Cast In-Situ 

Construction of Residential Buildings.”- N.Dineshkumar, P.Kathirvel 

The construction boom in India is developing at a fast rate of growth. It 

provides wide opportunity in India for a new entrant in prefab sector. At present 

precast concrete buildings are the advanced construction techniques available over 

worldwide. Being its wide applicability, the total precast concrete buildings systems 

are becoming a popular choice for many construction.  

Precast concrete available in many shape, sizes, including structural elements 

and unreinforced pieces. The prefab industry is the backbone for the development of 

new ideas in construction business of any country; Factory buildings, residential 

buildings and the industrial township are needed practically by all the sectors, either 

to support the manufacturing or services of any industry.  

Importance of Precast Construction 

The precast construction has the following benefits: 

2.2.1 Precast concrete is comfortable  

The material has intrinsic properties of thermal inertia (allowing a more constant 

temperature both in cold and hot regions) and acoustic insulation. 

2.2.2 Precast concrete is safe 

Everybody knows that concrete does not burn! Not only is the structural stability 

maintained for longer periods, but concrete construction prevents the spread of the 

fire from one building to another. It is sufficiently strong to resist impacts, blasts and 

natural catastrophes like earthquakes, tornadoes and floods.  

2.2.3 Precast concrete is versatile  

Factory production allows a wide choice of surface finishing, color range and special 

shapes. Precast concrete has another advantage: its mould ability, which entails 
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Fig.2 – Parts of prefabricated structure 

designers to copy classical details like keystones and capitals or match the finish of 

materials like weathered stones. The precast concrete industry can source a wide 

range of aggregates locally and offer a tremendous variety of colors and visual 

effects. 

 

 

 

 

 

 

 

 

2.2.4 Precast concrete is healthy 

Indoor air quality is a concern for all of us. Precast concrete is stable throughout its 

life and does not need chemical treatment to protect it against rot and insect attack: 

this means that there are no emissions in the internal environment. 

2.2.5 Precast concrete is optimized 

Advanced technologies used in the pre-casting plants create an improved quality 

product (i.e. reduced tolerances, thinner sections, engineered solutions) compared 

with cast-on-site concrete. Additionally this quality can be checked before a unit is 

inserted into the structure or site work! 

2.2.6 Precast concrete is durable 

Egyptian and Chinese people used an ancient form of concrete for buildings and 

structures that still exist today. Concrete is used where the structural stability has to 

be maintained for long periods. Effective design detailing helps to lengthen the life 
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of a concrete building; precast manufacturers can offer guidance on designing for 

durability. 

2.3. WORK STEPS 

The research has been separated into two main tasks, as follows: 

(1) Task l: Investigate current modular construction practices. 

• Task 1.1 - Investigate current modular construction methods through a study of 

literature and a survey of industry. 

A study of literature and a survey of industry. The literature study includes the 

review of technical magazines, journals, and reports, and books. The survey of 

industry would mostly revolve around residential and a little around commercial 

construction. Examples of modular construction projects and general modular 

construction practices are identified from the literature review. The papers that were 

reviewed will range from Indian Universities and local authors to foreign universities 

and foreign authors and architects.  

• Task 1.2 - Compare both modular and conventional construction methods to 

identify the key differences.      

It was accomplished by developing descriptions of modular construction activities 

from the literature and comparing them with those of conventional construction to 

identify important differences in a project's planning and construction activities.  

• Task 1.3 - Identify the broad advantages, driving forces, and broad disadvantages 

of modular construction methods.       

It identifies the broad advantages, driving forces, and broad disadvantages of 

modular construction, is based on information gathered from the study of literature 

and a survey of industry. 

• Task 1.4 - Identify the key characteristics of successful modular construction 

projects. 

This task will be accomplished by analyzing the results of tasks 1.1 through 1.3  

• Task 1.5 – Structural analysis of the building systems  
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(2) Task 2: Selection of type of Prefabrication technology     

Since prefabrication is a very large concept at hand and with the restrictions 

of time, a particular type of prefabrication system was selected for the comparison to 

limit the research area. Identify opportunities to advance modular construction 

technology and methodology with emphasis on building frame construction based on 

analysis of the findings from Task 1. 

(3) Task 3: Plan preparation      

Now the plans for the building to be analyzed would be made, which would 

be similar for all types of construction technology to be compared for a genuine 

comparison on basis of structural performance and cost analysis. 

(4) Task 4: Data Collection               

Now the Data required for the analysis from different construction 

methodologies would be collected and compiled and fed into the software for the 

next step of analysis of the building. 

(5) Task 5: Structural Analysis of the Building     

After all the data acquired and fed into the system the building is analyzed 

for different type of construction technologies for structural stability and cost 

efficiency and a final report would be generated. 

(7) Task 7: Cost analysis of the building        

For the current building plans and technology used a comparative study 

would be done for the cost efficiency of the building to see if the technologies 

considered here are economically feasible and can justify their cost with respect to 

their benefits to the client and the environment. 

 (10) Task 10: Data Compilation       

All the data and results obtained would be arranged in a systematic and 

chronological order for the research work and compilation for the thesis work would 

be started right after the paper publication. 
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(11) Task 11: Conclusion                

after the completion of all the work, results and conclusion will be presented 

in th end, including views of the author. 

2.4. EXISTING SYSTEMS IN COUNTRY 

The prevalent construction systems in India are:  

 Load bearing Structure - In this system, walls are constructed using 

bricks/stone/block masonry and floor/roof slabs are of RCC/stone/composite or 

truss. It is cast in-situ system and called load bearing system as load of structure 

is transferred to foundation and then to ground through walls. 

 RCC Framed Structure - In this cast in-situ system, the skeleton of a structure is 

of RCC column and beam with RCC slab. The infill walls can be of 

bricks/blocks/stone /panels. The load of the structure is transferred through beam 

and column to the foundation. 

 Steel framed Structure - Here RCC beam and columns are replaced by hot rolled 

steel sections. 

2.5. PREFABRICATION SYSTEMS 

The Architects, engineers, contractors and planers are still unable to switch 

from conventional construction systems even after such a heavy and urgent demand. 

Its due to lack of awareness, support from authorities and distrust on the new 

technological advancement because of unavailability of sufficient and proper design 

guides and provision in IS codes and structural analysis software giants like 

STAAD.PRO, ETABS, Autodesk Revit, etc.  

Although the Building Materials & Technology Promotion Council 

(BMTPC), Ministry of Housing & Urban Poverty Alleviation, Government of India 

has taken an initiative in this direction to provide support to Architects and engineers 

to adopt new building technologies. BMTPC took an initiative to study/select 

emerging technologies suitable to Indian geo-climatic conditions.  

The conventional construction systems are primarily cast in-situ slow pace 

construction systems and cannot meet the present requirement of housing shortage. 
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Therefore, it is call of the day to adopt new construction systems, which are fast 

track and at the same time meet functional and structural requirements, which 

includes Constituted Technology Advisory Group for identification, evaluation and 

selection of the suitable technologies/ systems, comprising of eminent experts from 

Government, CSIR, academic and private agencies.  

As a professional community of engineers, designers & planners, we must be 

using- 

 Building materials which have less dependence on natural resources 

 Building materials which are based on agricultural & industrial waste 

 Construction systems which optimizes the use of cement, sand & 

steel i.e. prefab systems, factory made building components 

 Less dependence on water, sand, aggregates during construction 

 Technologies, which are not dependent on fossil fuels 

 Zero construction & demolition waste 

 Dust free technologies 

 Materials & systems based on renewable resources 

 Wood substitutes based on plantation timber 

2.6. NEED OF PREFABRICATION 

It is envisaged to construct 20 million houses by 2022 in urban area and 

about 10 million houses in next 3 years in rural areas (urban : 2.5 million houses a 

year, 7000 houses per day). Such a heavy requirement puts a very massive load on 

the natural resources and conventional building materials, which may cause the 

following consequences: 

 Cost escalation leading to increased cost of shelter. 

 Rapid & irrationally managed utilization of finite natural resources. 

 Environmental degradation; Enhanced use of fertile top-soil, 

Deforestation, Lime-quarrying, Surface working in stone belts 

 Factory made products like cement, steel etc. calls for high energy 

input 

 Enhanced cost because of transportation. 
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So that brings us to consider alternative new technologies for mass housing, 

keeping in mind Speed, Quality, Safety, Life Cycle cost, Thermal, acoustics, Fire, 

etc. In addition, the need of the hour suggests use of renewable resources for 

building materials, use of raw materials resources based on waste products, efficient 

use of existing conventional materials by producing factory made (pre-cast) building 

components, affordability and sustainability, Industrialization of housing sector. 

These new systems are precast concrete construction, hot and cold form steel 

construction, large formwork systems, sandwich panel construction, factory made 

prefabricated systems etc. These systems are being practiced world over and some of 

the developing countries have successfully met the huge housing demand using 

them.  

Requirements for mass housing are Quality of construction, Time required 

for construction and Cost of construction. 

2.7. EVALUATION OF TECHNOLOGIES  

Broad Parameters for evaluation of technologies-  

a. Safety of the structure against anticipated live loads and safety and stability 

with respect to the prevailing wind loads and with respect to the possible 

earthquake loads and other loads such as snow, cyclone etc.  

b. Performance of the structure during its life span  

i. Thermal efficiency of the construction during summer and winter 

ii. Acoustics efficiency, Damp proof-ness of the construction during rains 

iii. Efficiency of the joinery systems, Fire resistance characteristics of the 

structure 

c. Durability of the structure 

i. Deterioration of components with age 

ii. Deterioration of components due to atmospheric pollutions 

iii. Deterioration of foundation system due to polluted/chemically adverse 

soil media 

iv. Life expectancy (Our normal housing constructions are designed for a 

life of 60 years and above). 
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Fig.3 – A Typical working of a Monolithic 

Concrete Construction Technology 

2.8. TYPES OF PREFABRICATION IN INDIA 

Since prefabrication, systems is a very broad topic and “What are the 

alternative technologies we can use?” is a very broad area of study. So, some of the 

most preferred construction systems were shortlisted for initial study which are as 

follows- 

2.8.1. Monolithic Concrete Construction Technology-  

The conventional mode of 

construction is RCC framed structure 

with infill masonry walls whereas in 

this system, all walls, floors/slabs, 

stairs together with door & window 

openings are cast in-situ monolithically 

using specifically custom designed 

modular formwork made up of aluminum/plastics/steel/ composite. 

The appropriate grade of concrete and reinforcement is used as per design 

and the entire casting of a modular unit is done in a single pour. Being modular 

predesigned formwork system, it acts as a assembly line production and enables 

rapid construction of multiple/mass scale of units of repetitive type. 

In the Monolithic concrete construction with aluminum /plastic /steel 

/composite forms system, Concrete walls and slabs are cast monolithically at one 

pour. The system allows reduction in thickness of concrete members below the 

minimum value than the conventional construction, thus reducing the consumption 

of natural resources.  

A Typical plan is of a Single floor with built up area of about 300 sqm. This 

can be completed in two days using the aluminum formwork system. The technology 

reduces the cost of repair and maintenance compared to conventional system. Walls 

and slabs are cast in one operation in specially designed light weight form/ moulds in 

concrete. Concrete is poured in the forms & forms are removed after the setting of 

concrete takes place, resulting in box like cubical structure of required architectural 
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Fig.4 – A Typical working of a LGSFS 

Fig.5 – A Typical working of a Precast Large 

Concrete Panel System 

design. The pre-designed formwork also acts some sort of assembly line production 

and enables rapid construction of multiple units of repetitive type.  

2.8.2. Light Gauge Steel Framed Structure (LGSFS)  

Light Gauge Steel is cold form steel 

which has an advantage over hot rolled 

steel as it is lighter in weight and on thin 

sections of any form can be 

manufactured. Normally, LGSFS is 

factory made galvanized light gauge 

steel components assembled as panels at 

site and suitable for 3 to 4 storey 

structures. The infill walls can be of any material ranging from precast boards, 

blocks, EPS panels or an external layer of insulation material and outer leaf of CP 

Board or dry mix shotcrete. The floor/roof can be RCC/ Steel truss /Steel deck on 

joists as per the requirement. 

Frame is made of cold rolled high strength steel sections and EPS panels for 

walling. Internal walls covered with gypsum and cementitious board. Exterior wall 

Sprayed with cementitious material directly onto the studs. It gives Faster 

construction by prefabricated panels. All structural components are precisely pre-

manufactured and simply assembled on site. Also it gets Enhanced Thermal & 

Acoustic insulation with Boarding/Expanded Polystyrene (EPS) /Rockwool/Vapor 

Barrier.  

2.8.3. Precast Large Concrete Panel System  

Precast Large 

Construction Panel (PLCP) 

system is a structural system 

comprising of various precast 

elements such as walls, beams, 

slabs, columns, staircase, landing 

and customized elements. There 
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Fig.6 – A Typical working of a SIP 

panels 

are two types of precast concrete elements, namely precast reinforced concrete 

elements and precast pre-stressed concrete elements, prefabricated in a precast yard 

or site. The precast elements are installed on site and supported by temporary jacks. 

Shims are used to carefully align the elements and grouted after the final 

adjustments. A typical construction involves design, strategic yard planning, lifting, 

handling, transportation and assembly of precast elements.  

The industrialized total open prefab construction technology is based on 

factory mass manufactured structural prefab components conforming to norms of IS 

standards and BIS Certification mark. In this Patented system, precast dense concrete 

hollow column shell of appropriate size are used in combination with precast dense 

concrete rectangular T Shape/ L shape beams and lightweight reinforced autoclaved 

cellular concretes labs for floors and roofs. The hollow columns are grouted with 

appropriate grade of in–situ concrete. All the connections and jointing of various 

structures are accomplished through in situ concreting along with secured embedded 

reinforcement of appropriate size, length and configuration to ensure monolithic 

continuous resilient ductile behavior. 

2.8.4. SIP Panel - Building System using Steel Mesh, Polystyrene 

Core and Chipping Concrete (evaluated through PACS) 

EMMEDUE Advanced Building System 

(patented) is based on factory made panels 

consisting of self-extinguishing expanded 

polystyrene core (generally corrugated) 

sandwiched between two-welded wire fabric 

mesh made of high strength galvanized wire. A 

galvanized steel truss wire is pierced completely 

through the core at an offset angle for superior 

strength and welded to each of outer layer welded wire fabric mesh. 

The panels are finished at site using shotcrete of mix of cement and coarse 

aggregate of required thickness on both sides. The panels are used for load bearing 

walls and floors and suitable for 3 to 4 storey buildings. 
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Fig.7 – A Typical GFRG panels 

2.8.5. Glass Fibre Reinforced Gypsum (GFRG) Panel System 

GFRG is an integrated composite 

building system using factory made 

prefab load bearing cage panels and 

monolithic cast in-situ RC in filled for 

walling and floor/roof slabs, suitable for 

single storey to ten storey building. It is 

made of calcined gypsum plaster, 

reinforced with glass fibres and panels 

manufactured to a thickness of 124 mm 

under carefully controlled conditions to a 

length of 12 m and height of 3m, 

contains cavities. The panel are being 

produced at FRBL Kochi and RCF Mumbai and being promoted by     IIT Madras. 

Glass Fibre Reinforced Gypsum (GFRG)/ Rapid wall is a building panel 

product, made essentially of gypsum plaster, reinforced with glass fibers. Used since 

1990 in Australia. Although its main application is in the construction of walls, it can 

also be used in floor and roof slabs in combination with reinforced concrete. The 

panels may be unfilled, partially filled or fully filled with reinforced concrete as per 

the structural requirement.  
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Chapter 3 

Methodology 

3.1 MODEL SELECTION AND PREPARATION 

After comparing the above available construction techniques for the pros and 

cons, Glass Fibre Reinforced Gypsum (GFRG) Panel System was found most 

suitable for the desired outcome of the work. Hence, GFRG panels were shortlisted 

and chosen for the comparison from the prefabricated structures. 

GFRG panels were initially designed for wall panels. However, because of 

the research work by Students and Faculties of IIT Madras, it was also found suitable 

for the flooring as well as staircase. It was observed that this system mimics the 

properties of a Load Bearing Structure, yet also due to the micro beams proposed 

within the panels it also inherits the properties of a RCC framed structure.  

 GFRG structures are a new kind of structural component to which 

conventional structural theories and design codes are not relevant. Glass fiber 

reinforced gypsum binder composites were created by using E-type glass fiber and 

newly developed water-resistant gypsum binder. The water resistant gypsum binder 

was formed by blending ground granulated slag, ordinary Portland cement and an 

organic retarder with claimed phosphogypsum in a ball mill to obtain a consistent 

product. The binder possesses good water resistance as it does not demonstrate 

leaching in water up to 28 days of immersion , while plain plaster displays leaching 

after 3 days of immersion, in water. For the reinforcing material in this program, 

chopped uncoated E-type glass fiber is used.  

Rapid wall panel is world’s biggest load bearing lightweight panels. Each 

panel has 48 modular voids of 12 m x 3 m x 124 mm dimension. Reinforced 

concrete is one of the most broadly used modern building materials. Concrete is an 

“synthetic stone” acquired by mixing cement, sand and aggregates with water. 

Currently reinforced concrete buildings in many earthquake prone areas of the world 

are built according to design codes and yet several still suffer collapse during 
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earthquakes. This may denote that there are insufficiencies in design. This 

occurrence cannot be avoided but, by appropriate planning and design we can avoid 

it to a notable extent and hence structural engineer’s needs to design the structure 

taking into account every essential factor including the infill walls which plays a 

significant role during earthquakes. 

Due to this fact, it could be used to replace both Load Bearing Structure as 

well as a moment resisting framed structure. Hence, for this work GFRG panel 

system is compared on various aspects with a load bearing structure and a RCC 

framed structure. A total of three models were decided to be formed and compared 

for a same building plan for a genuine comparison. Although, the Industrial giants 

for structure analysis and BIM like STAAD.PRO, ETABS, REVIT, etc. do not 

support GFRG as a building material. Also GFRG couldn’t be found in their material 

libraries like concrete, steel, aluminum, glass, rebar, etc. for structure analysis, it was 

quite difficult for all three models to be analyzed to the desired precision get 

accurate data for the ground of comparison. After the long research and shear hard 

work, an attempt has been made here to impart the knowledge of the procedure for 

the structural analysis  using CAD and BIM through software approach as a 

reference guide for anyone who tries to do a structure analysis of a building using 

GFRG panel system. All the three models were prepared with the help of Software 

approach for the structural stability and suitability for the initial comparison. 

After the initial plan preparation, it was slightly modified to fit according to 

the wall sizes keeping the Super Built-Up area same for all the models, so a closer 

cost analysis could be done. Several plans were prepared to fit into all three 

requirements and the finalized plans are as in Fig 8 to Fig 10. After the finalization 

of plan, the main work started for preparation of the models in ETABS. The first 

model was prepared of the framed structure as can be seen in Fig 11.  

The first step to modeling was to make the centerline diagram of the beam 

and column as in Fig 12. After that, the modeling was done using the centerline as in 

Fig 13. The after analysis resulted in Fig 14. 
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Fig.8 – A Typical working drawing of the building plan of the framed structure 

Fig.9– A Typical working drawing of the building plan of the Load Bearing 

structure 

Fig.10– A Typical working drawing of the building plan of the GFRG structure 
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3.2 WHY GFRG 

GFRG is of exceptional relevance to India, where there is a massive need for cost-

effective mass-scale affordable housing. 

 Most economic outcome. 

 Eliminates lots of building material requirement. 

 Reduced construction time and labour. 

 GFRG panels had the thinnest wall space requirement, providing most usable 

space.  

 In India, gypsum is available in plentiful amount as an industrial by-product 

waste. 

 Environmental friendly and green, reduced carbon footprint. 

 Resistant to damage by water and fire.  

 Can be used as Shear wall, Partition wall, Slabs. 

 Best for construction up to 10 storey.  

 

 

 

 

 

 

Table 1 - Description of the typical plan 

1 Type of building Residential 

2 Number of floors G + 3 

3 Storey height 3 m 

4 Dwelling units 16 

5 Total Height 12 m 

6 Slab thickness 150 mm 

7 Total covered 

Area per floor 

2341.36 Sq mt 

8 Wall thickness 230 mm for outer walls,  

115mm for framed walls,  

124mm for GFRG walls 

9 Column Size 450 mm X 230mm 

10 Beam size 300 mm X 230mm 

11 Riser Height 150mm 

12 Thread depth 250 mm 

13 Seismic zone  V 

Fig.12– A 3D Model of the 

building plan of the 

Framed Structure 

Fig.11– Centerline diagram of the 

beam and column of the building 

of the Framed Structure 
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Property  
Nominal 

value  
Remarks  

Uniaxial compressive strength, Puc  

 ( Both ends fixed)  
1310 kN/m  

Obtained from longitudinal 

compression tests with ribs in 

the longitudinal direction  

Uniaxial compressive strength, Puc  

 ( One end fixed and other end 

hinged)  

1360 kN/m  

Obtained from longitudinal 

compression tests with ribs in 

the longitudinal direction  

Ultimate shear strength, Vuc  61kN/m 
Longitudinal cracks (parallel 

to the ribs) 

Fire resistance 241 minutes CSIRO, Australia 

 

Table 2 - Material Properties of Unfilled GFRG Panels  

1  Unit weight  0.433 kN/m
2
  

2  Modulus of elasticity  7500 N/mm
2
  

3  Ultimate shear strength  21.6 kN/m  

4  Mohr hardness  1.6  

5  Coefficient of thermal expansion  12 x 10
-6 

mm / mm / `C  

6  Water absorption  
1% : 1hr 

3.85 % : 24hrs  

7  Fire resistance  140 minutes  

8  Sound transmission class (STC)  40dB  

9  Uni axial compressive strength  160 kN/m  

10  
Out-of-plane moment capacity,  

Rib parallel to span  
2.1 kNm / m  

11  
Out-of-plane moment capacity,  

Rib perpendicular to span  
0.88 kNm / m  

12  
Out-of-plane flexural rigidity,  

Rib parallel to span  
3.5 X 10

11
 Nmm

2
 / m  

13  
Out-of-plane flexural rigidity,  

Rib perpendicular to span  
1.7 X 10

11
 Nmm

2
 / m  

Table 3 – Compressive Strength of GFRG Panel 
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3.3. ASSUMPTIONS 

While modeling, following assumptions are made- 

1. Walls are modeled as shell elements with the equivalent composite properties 

as given in Table 4 

2. Slabs are modeled as membrane elements. 

3. Rigid diaphragm is assigned to all slab elements for lateral load analysis. 

4. During modeling of GFRG structure, for convenience in design, the 

contribution of GFRG towards the flexural strength con be ignored and the 

GFRG is treated as lost formwork, both in walls and in slabs. 

Materials 
Modulus of Elasticity 

(MPa) 

Area for 250mm length 

{one cell} mm
2
 

Concrete (M25) 25000 (EC) 230 x 94 (=21620) 

GFRG 7500  (EG) 930 

Infilled GFRG with 

concrete 
19500 31000 

 

3.4. GENERAL LOAD CALCULATIONS 

3.4.1. Dead load and super dead load–  

 Self-weight is auto applied in ETABS.  

 Floor finish- (Table 2, IS: 875 Part 1) 

o 1 cm mortar plaster on roof / ceiling of lower floor for finishing = 

0.21kN/m
2
.  

o 1 cm mortar plaster on floor for tiles = 0.21kN/m
2
.  

o 20mm Clay tiles = 0.2kN/ m
2
. 

 Total Floor Finish load as per IS 875 Part 1 = 0.21+0.21+0.2 = 0.62kN/ m
2
. 

(Table 2, IS: 875 Part 1) 

 If one decides to not apply walls into the model and instead apply the load on 

the beams of the walls, the following calculations can be used. 

o Unit weight of the brick wall = 18.85 kN/ m
3
. 

o 230 mm thick walls = (3-0.3) x 0.23 = 11.71 kN/m. 

o 115 mm thick walls = (3-0.3) x 0.115 = 5.85 kN/m. 

3.4.2. Live Load – 

 IS 875 Part 2 gives details of Live loads to be considered while designing. 

 For rooms and kitchens – UDL of 2 kN/ m
2
. 

 For Toilets and Bathrooms – 2 kN/ m
2
.  

 Balconies – 3 kN/ m
2
. 

 Corridors/Passages – 3kN/ m
2
.  

 Staircase/ Storerooms – 3kN/ m
2
.  

Table 4 – Material Property of GFRG Panel 
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3.4.3. Earthquake loads –  

 Since majority of India lies in Zone II and Zone III, we will be considering 

Zone III and the location is taken as Lucknow to ease the other calculations 

including cost comparison of material, Labour charges, feasibility and their factors, 

making the study more practical and realistic. 

 Zone = III 

 Zone Factor = 0.16 

 Location = Lucknow 

Importance factor – since the building considered is residential in nature, importance 

factor is taken as 1. (Table 6, IS: 1893:2002) 

3.4.4. Response reduction factor –  

We generally see the engineers taking response reduction factor as low as 5 

or as high as 1 in their initial phases of designing to make cost efficient structure or 

earthquake proof structure respectively, which either makes the structure very unsafe 

or very uneconomical. Our motto as a Structural engineer is to make the structure 

earthquake resistant not earthquake proof making it economical keeping it safe. For 

the sake of safety under Indian conditions due to low quality of materials and 

workmanship IS 1893:2002 suggests in Table 7 to take response reduction factor as  

 For OMRF = 3 

 For Load bearing masonry wall structure = 1.5 

 For GFRG = 3 for Low/Medium rise Buildings (According to GFRG Manual 

by IIT Madras and BMTPC) 

3.4.5. Site Type – 

 According to Anbazhagan P. in his paper “Site Response Study of deep soil 

columns in Lucknow, India” Published in 2010, clearly states that the soil up to 6m 

fall under Type II (15<N<30) and below that N gradually increase up to N > 90, 

falling in Type I soil. Since our Building Height is quite less (=12m) then assuming 

foundation to be not more than 6m and taking soil Type II for analysis. 

3.4.6. Wind Load –  

 IS 875 Part 3 is generally used for wind analysis, but in our case as the 

building height is < 15m, the need of wind analysis is eliminated (According to 

National Building Code). Also only one of the forces i.e. Earthquake or wind load 

are considered simultaneously, so it further removes the need of wind analysis for 

our building system. 
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Fig 13 – Material Property Data of the GFRG 

3.5. DEFINING MATERIAL PROPERTIES 

3.5.1. Concrete – The structure to be designed is designed using M20 concrete. 

3.5.2. Rebars – HYSD 415 rebars were taken for designing 

3.5.3. Masonry – Clay Brick masonry 

walls were used in the modeling of the 

structure having 18.85kN/m
3
 weight 

density. walls in the RCC structure 

which were used were 230mm for 

outer walls, 115mm for inner walls; 

for load bearing structure, all walls 

were taken as 230mm walls; for the 

GFRG structure, Partially filled GFRG 

panels were used of thickness 124 mm 

whose property are defined in the 

3.5.4. 

3.5.4. GFRG – This property is 

defined for the wall panels used in the 

designing, taking material type as 

others, weight density as 3.464 

kN/m
3
,modulus of elasticity, E as 

7500 MPa, Poisson’s Ratio U as 0.2, 

coefficient of thermal expansion A as 0.000012/C` 

3.6. DEFINING FRAME PROPERTIES 

3.6.1. RCC Beams – Concrete beams using M20 is taken for this purpose of 

dimensions 230mm width X 300mm depth. Under reinforcement tab, design type is 

kept as M3 design only, Longitudinal and confinement bars are taken as HYSD415 

Bars, top and bottom covers are taken as 60mm each. Frame section properties are in 

table 3.5.1. 

3.6.2. RCC Columns – Concrete columns using M20 is taken for this purpose of 

dimensions 230mm X 460 mm . Under reinforcement tab, design type is kept as M3 

design only, Longitudinal and confinement bars are taken as HYSD415 Bars, and 

top and bottom covers are taken as 60mm each.  

3.6.3. Micro-beams for GFRG Structure – Micro beams are to be placed inside the 

GFRG cavity 750 mm c/c (i.e. every 3
rd

 cavity. Rectangular concrete beams of 

dimensions 230mm X 109 mm. For a residential building, using reinforcement of 



Comparative Study Between RCC Structures And Prefabricated Structures 

 

Civil Engineering Department, BBDU, Lucknow Page 34 

 

Fig 14 – Concrete filled Rapidwall and floor 

0.876% (Table 3, SP – 16, Design Aids to IS: 456), try providing 2Y12 + 1Y10, and 

6mm φ two legged mild stirrups @100 c/c. 

3.6.4. Micro columns for GFRG structure – micro columns are to be placed inside 

the GFRG cavity 1000mm c/c (i.e. every 4
th

 cavity). rectangular concrete columns of 

dimensions 230mm X 94 mm. For a residential building, using reinforcement of 

0.28% take 1Y10 in each cavity. 

3.7. DEFINING SLAB PROPERTIES 

3.7.1. RCC slab – The slabs used in the RCC model and the load bearing structure 

models were taken as 150 mm thick RCC slabs. Concrete used in both the slabs is of 

M20 grade. During modeling, the type modeling type of the slabs are taken are 

membrane.  

3.7.2. GFRG slab – The designing 

of the GFRG slabs are a bit 

different and complex than the 

normal RCC slab. GFRG-RC 

composite slab structure can be 

used proficiently in floor slabs and 

roof slabs. The ribs are to be 

oriented in the shorter span, resting 

on GFRG wall panels. For ease in 

design, the contribution of GFRG 

panels towards the flexure strength 

can be ignored and the GFRG panel 

can be treated as the lost 

framework. Reinforced 

concrete micro beams are to 

be provided by filling 

cavities at regular spacing 

(typically every third cavity) and provided with reinforcement duly designed, with 

the RC screed concrete as deck slab of depth not less than 50 mm. as shown in the 

Fig 15. One-way slab action may be assumed for strength and deflection check, 

considering T beam action of the embedded micro beams. In the screed concrete, 

appropriate welded wire fabric of necessary Gauge and spacing (typically 10 gauge 

welded mesh @100 mm c/c or 6mm bars at 150 mm spacing) shall be provided. The 

design of reinforcement in the micro beam shall conform to the requirements of IS 

456: 2000. Such slabs can be suitably designed up to 5 m span. 

 

Fig 15 – Typical cross-section of panel with micro beams 
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Steps to be followed for slab placement:- 

1. Formworks are erected.  

2. Tie beams are erected all along the walls to present bond between roof slab and 

walls.  

3. Panels are then placed in position.  

4. Every third cavity is then cut out from the top and reinforcement cages are 

placed in for concrete micro beams.  

5. Electrical conduits are then sited in position.  

6. Welded wire mesh is then kept all over the panel.  

7. Then concreting is done with thickness 50 mm.  

8. Subsequently waterproofing of roof is to be done.  

For more detailed structural joints refer to Annexure I 

3.8. DEFINING WALL PROPERTIES 

3.8.1. Wall 230 – A masonry wall structure with Thin-shell modeling type and 

thickness of 230 mm is defined for external walls of RCC framed structure and all 

the walls of the load bearing wall structure. 

3.8.2. Wall 115 – A masonry wall structure with Thin-shell modeling type and 

thickness of 115mm is defined for internal walls of RCC framed structure. 

3.8.3. GFRG wall – A GFRG wall structure with Thin-shell modeling type and 

thickness of 124 mm is defined for all the walls of GFRG structure. 

3.9. DEFINING LOAD PATTERNS 

3.9.1. Dead load – Type – Dead, Self weight Multiplier – 1, Auto Lateral Load – 

N/A 

3.9.2. Live load – Type – Live, SW Multiplier – 0, Auto Lateral Load – N/A 

3.9.3. Super Dead – Type – Super Dead, SW Multiplier – 0, Auto Lateral Load – 

N/A 

3.9.4. EQ X+ load – Type – Seismic, Auto Lateral Load – IS 1893 2002 

3.9.5. EQ Y+ load – Type – Seismic, Auto Lateral Load – IS 1893 2002 

3.10. DEFINING LOAD COMBINATIONS 

As we are following IS codes for this model, we will be adding Default 

design combos of concrete frame design and concrete slab design from the program 

conform to IS 1893 2002. 
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3.11. MODELING  

 After defining all the components described above we can move forward to 

modeling part. Since we are here dealing with three different types of construction 

technology, we have now two ways to model –  

1) Making three different model files and working on them individually 

2) Making all Three models in one file using Allow Multiple Tower. 

Since, modeling all using multiple towers makes working complicated and file 

large to analyze, first option was chosen. 

Even after careful planning and selection of position of columns and beams, 

during the process, the plan was required to be changed several times to achieve 

economy in the design. After the design was finalized in the final step, the following 

procedure was undertaken. 

3.11.1. Model 1 RCC Structure – According to the plan, a G+3 RCC building was 

modeled. Columns and beams are placed according to the plan developed in the 

initial stages, which were constantly revised as per the situation. The alignments of 

columns were specifically taken care of, to avoid eccentricity in the columns and the 

frame. Slabs were placed according to the plan and after that, walls were applied 

after defining the wall sections with 230 mm walls and 115 mm walls placed as outer 

and inner walls respectively. Since ETABS apply the self-load automatically, we do 

not need to define it otherwise so we can directly move to super dead load and skip 

the self-wt. in the process. According to section 3.3 general load calculations, super 

dead load and live load were applied on the specific slabs as per the planning. 

Restraints were applied as fixed on all the column bases. Outcome of the model can 

be seen in Fig – 16. 

3.11.2. Model 2 Load Bearing Structure – According to the plan, a G+3 load 

bearing building was modeled. Columns are absent in this type of structure, so brick 

masonry walls of 230 mm are placed according to the plan developed in the initial 

stages. Beams of specified dimensions were placed running all over the walls to 

support the slab, which would be casted monolithically during the erection process. 

Slabs were placed according to the plan. Since ETABS apply the self-load 

automatically, we do not need to define it otherwise so we can directly move to 

super dead load and skip the self-wt. in the process.  According to section 3.3 general 

load calculations, super dead load and live load were applied on the specific slabs as 

per the planning. Outcome of the model can be seen in Fig – 18. 

3.11.3. Model 3 GFRG Structure – According to the plan, a G+3 GFRG building 

structure was modeled. In this model, as specified in the GFRG building structural 

design manual developed by IIT Madras and BMTPC in accordance with IS Codes, 
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Fig.16– A 3D Model of the building of the Framed Structure in ETABS 

Fig.17- Analyzed result of the Building of the Framed Structure in ETABS 

wall panel act as load bearing structure with ‘micro columns’ running inside the 

panel generally in every fourth cavity for up to four storey. In the floor/roof slabs, as 

GFRG panels with ribs alignment in direction of bending hold flexural strength, such 

panels can be utilized as flexural slabs, whose strength can be significantly enhanced 

by embedding ‘micro beams’, filled with reinforced concrete. Unfilled GFRG panels 

can be used as pitched roofs. Since ETABS apply the self-load automatically, we do 

not need to define it otherwise so we can directly move to super dead load and skip 

the self-wt. in the process. According to section 3.3 general load calculations, super 

dead load and live load were applied on the specific slabs as per the planning. 

Restraints were applied as fixed on all the column bases. Outcome of the model can 

be seen in Fig – 20. 
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Fig.18– A 3D Model of the building of the load bearing Structure in ETABS 

Fig.19- Analyzed result of the Building of the load bearing Structure in ETABS 
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3.12. COST ANALYSIS 

After the completion of model, the model was checked and found to be free 

from any warning and errors. It was then analyzed and the results were obtained 

which are discussed in Chapter 4 of this thesis. It was found that all the three 

structures are safe under the applied loads and all the deformations are under 

permissible limits, hence proving our structure is safe and now we can move to 

calculation of cost analysis. 

Material Rate 

Mild Steel Rs. 5500/ Qtl. 

Cement Rs. 450/ Bag 

Coarse Sand Rs. 1940.95 / m
3
 

Brick Rs. 7/ Brick 

GFRG Panels Rs. 1120/ m
2
 

Stone Aggregate (20mm) Rs. 3176.10 / m
3
 

Soil Rs. 405.84 /m
3
 

Mason Rs. 550 / day 

Labour Rs. 350 / day 

Vitrified Tiles Rs. 1027.58 / m
2
 

Shuttering Rs. 550/ m
2
 

 

  

Table 5 – Rate List of Material 
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Being a civil engineer, it is our priority to provide cost effective solutions to 

our clients. With the escalating prices, the houses are becoming unaffordable with 

the current technology and hence we needed to explore another types of construction 

systems to reduce the cost of construction. This work is an attempt made to give an 

idea as to how can we reduce the construction cost as well as reduce the construction 

time using the prefabrication technology. This work compiles and retrospect the 

developments in the field of prefabricated building systems using GFRG 

construction technology also known as Rapidwall© construction technology in 

India. Glass fiber reinforced gypsum panels, manufactured in standardized parts are 

sections prepared for rapid erection of buildings, as they are ready-made gypsum 

structural panels with hollow cavities. This Rapidwall is employed in residential as 

well as commercial constructed establishments. GFRG walls can be used both for 

esthetical as well as structural component as walls and slabs, with no external 

columns and beams needed. It has currently found great utilization, even without 

exercising complicated codes of structural design, largely for the reason that they are 

environmental friendly. For the cost comparison, the fundamental materials 

considered were three types of building construction method such as low cost 

building using prefabrication technology as GFRG wall panel system and 

Conventional building construction systems like SMRF structure and Load bearing 

wall structure. Costs of these building materials were collected from contractors of 

the nearby areas. The focus in this part of work is comparative study on cost 

estimation between prefabricated system (GFRG) and conventional building 

systems. 

In this new era of construction, several different building systems orientated 

for housing appeared in India. Most of these systems were introduced from first 

world countries and many were not able to fit into the Indian construction standards. 

This incursion of technology was originated after the announcement of the 

reconstruction plan for affected areas due to El Nino phenomena and Nazca 

earthquake. On the other hand, many of these systems were functional in countries 

lacking earthquake trouble and the majority of them employed foreign supplies. In 

this case of India, structural systems were supposed to be designed according with 

earthquake standard E-030 of the National Building Code. On the other hand, Indian 

researchers in the last 20 years developed different solutions for building systems 

using locally available materials and most of them were tested and had the approval 

and registration of BMTPC. The present work introduced five construction systems 

that are approved by BMTPC. The economic issues are also the main reason for 

these different building systems. So we have to select the most viable and low cost 

construction for avoid the financial problems.  

The purpose of this part of works focuses on views of the construction 

industry about the difference of the two building methods such as GFRG (Glass 
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Fiber Reinforced Gypsum) wall panel system and conventional building construction 

system of SMRF structure and load bearing wall structure based on the estimation 

value and we have to generate some construction management results. We have to 

accumulate properties and cost details of the building materials. Comparing the 

methods, details were taken of cost and time duration for finishing each construction 

activity.  

The major bulk of building construction work is small renovation, such as 

addition of a room, or renovation of a restroom. Often, the owner of the property 

work as the introspect, paymaster, and design team for the entire project. Although, 

all building construction projects consist of some elements in general – design, 

financial, estimation and legal considerations. Many projects of different sizes reach 

unwanted consequences, such as structural failure, cost overruns, and/or lawsuits. 

Due to such reasons, those with expertise in the field make comprehensive plans and 

keep cautious supervision throughout the project to ensure a positive result. 

Commercial building construction is procured privately or publicly utilizing various 

delivery methodologies, including cost estimating, hard bid, negotiated cost, 

conventional, organization contracting, construction management-at-risk, design & 

build and design-build bridging. Residential construction practices, technologies, and 

resources should match to the regulations of local building authority and codes of 

practice. Materials readily accessible in the region usually dictate the building 

materials used (e.g. brick vs. stone vs concrete). Cost of building construction can 

vary considerably based on site conditions, local policy, economy of scale (custom 

designed residences are often more costly to build) and the availability of trained 

workers and labors. As residential building construction (as well as all other types of 

construction) can produce a lot of waste, so careful planning again is required here.  

Glass fiber reinforced gypsum, or GFRG (also known as Rapidwall in the 

trade) is the name of a new building panel, made of gypsum plaster, reinforced with 

glass fibers. GFRG is of exceptional relevance to India, where there is a massive 

need for cost-effective mass-scale affordable housing, and here gypsum is available 

in plentiful amount as an industrial by-product waste. The product not only proves to 

be environmental friendly or green, but also resistant to damage by water and fire. 

GFRG panels are currently manufactured in a panel size of length of 12m, a height 

of 3m and a thickness of 124 mm. Although its main function is in the construction 

of walls, it was found to be effective to be used in floor and roof slabs in 

combination with reinforced concrete. IIT Madras and BMTPC have been involved, 

since 2003, in the development of prefabricated building systems (especially with 

respect to use of GFRG panels as floor slabs and earthquake resistant design) for 

utilization in India. The panel contains cavities that can be filled with concrete and 

reinforced with steel bars to provide additional strength and ductility, if required. 

Experimental researches and studies have shown that GFRG panels, when properly 
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filled with reinforced concrete, acquires significant strength to act not only as load-

bearing elements, but also as shear walls, able of resisting lateral forces due to 

earthquake and wind. It is possible to design such buildings up to ten storeys in low 

seismic zones (and to smaller elevation in high seismic zones). However, such 

building needs to be suitably calculated by a qualified structural engineer for safety.  

The major element of this work is estimating the total cost of the construction 

work for a residential house based on the Quotation gathered from five different 

zones for each part of work. The compilation of quotation contains Cost for each 

construction Material like Cement, Sand, Aggregate, bricks, etc and every activity 

like Excavation, Centering work, Flooring, Plastering, Labour charges, etc. The 

estimation work is carried out for both types of building system of wall panel system 

and conventional building system. The approximate time requirement and time 

difference for every work of Prefabrication system and conventional Building 

system was also taken into account to calculate the cost due to time elapsed as time 

also plays an important role in determining the cost of the construction. Any one of 

the following three methods can be employed to carry out the estimation of the 

building quantities: 

• Centre line method 

• Long wall – short wall method 

• Partly centre line and short wall method 

3.12.1. Centre line method 

This technique is appropriate for walls of similar cross sections. Here, the 

total centre line length is multiplied by width and depth of the individual component 

to get the total quantity at an instance. When cross walls, partition walls, false walls, 

or verandah walls join with main wall, half of width at each joint reduces the centre 

line length. Such junction or joints are calculated cautiously while calculating total 

centre line length. The estimation prepared by this technique is most precise and 

quick. 

3.12.2. Long wall-short wall method 

In this method, the larger wall along the length of room is measured to be 

long wall whereas the shorter wall perpendicular to long wall is said to be short wall. 

To get the span of long wall or short wall, compute the centre line length of each 

wall first. After that, the length of long wall, (out to out) may be calculated by 

adding half width of the wall at each end to its centre line length i.e., long wall 

equals to centerline length plus the width of the wall. Similarly, the length of short 

wall is measured (in to in) and may be calculated by deducting half width from its 
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centre line length at each end i.e., short wall equals to centerline length minus the 

width of the wall. The length of long wall typically decreases from earthwork to 

brick work in super structure whereas the short wall increases. These lengths are 

multiplied by width and depth to get quantities and then are used for estimated.  

3.12.3. Partly centre line and partly cross wall method: 

This technique is adopted when outer (i.e., around the building) wall is of one 

thickness and the internal walls having different thicknesses. In such cases, centre 

line method is applied to outer walls and long wall-short wall method is applied for 

internal walls. This technique suits for variable thicknesses of the walls and different 

levels of foundations. It is because of this reason; all Engineering departments prefer 

this technique for calculations purposes. The estimation for prefabricated system is 

carried out based on the Material, Labour and size of panels used for erection 

activity. 

For the calculations, Excel sheet was prepared with the help of guidance 

gained during the project. The Excel sheet comprises of sections and columns for 

each material and percentage with formulae established during the work. Basically 

the calculations were done manually taking the Excel as an Aid to the complex 

calculations. 

 The cost analysis was done under strict guidance of few well known 

evaluators who have been working in the field for last decade. Even though all the 

components affecting the cost have been taken into account during calculations, the 

costs of few elements have been skipped intentionally as they bring no difference in 

the cost comparison of the structures. They are common in all the models like cost of 

Doors and windows, cost of painting, cost of plumbing and electrification, cost of 

interior decoration, cost of electrical appliances.  

 Even though our results show only the direct costs and ignoring the payback 

calculation, if those were also included in the thesis, the saving in gfrg would have 

been increased by approximately up to 35% due to early finishing and quicker 

returns in form of sale or rent, reducing the negative cash flow period.  
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Chapter 4 

RESULTS 

4.1. STRUCTURE ANALYSIS RESULTS  

After the completion of model, the model was checked and found to be free from 

any warning and errors. It was then analyzed and the result were obtained. It was 

found that all the three structures are safe under the applied loads and all the 

deformations are under permissible limits, hence proving our structure is safe and 

now we can move to calculation of cost analysis 
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Smaller base reactions mean lesser load on the ground, on soil. That means smaller 

foundation work is required for that structure which will be a huge money saving in 

construction process also reducing the depth of foundation so less excavation will be 

required.  

Max Storey displacement allowed – 0.004H = 0.004 X 12 = 0.048 m = 48 mm. 

So we are under safe limit. 
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4.2. COST ANALYSIS RESULT 
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Table 16 – Cost Calculation 
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Table 17 – Cost Calculation of Framed Structure 
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Table 18 – Cost Calculation of Load Bearing Structure 
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Table 19 – Cost Calculation of GFRG Structure 
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Chapter 5 

CONCLUSION 

5.1. CONCLUDING REMARKS 

Prefabricated structure is the need of the hour due to high demand. It is 

Suitable to Indian climatic and hazard conditions. These emerging technologies are 

cost effective in relation to conventional construction system (RCC and masonry 

construction). Prefab helps to reduce the dependency on cement, aggregates and 

water in constructions, in particular, the fine aggregate (sand) and water. 

Prefabrication can help to standardize the construction process on manufacturing line 

to improve the quality of construction due to the shortage of skilled labor. It 

increases Speed of construction and quality. 

In addition, traditional construction cannot be green buildings normally. But 

green buildings are the order of the day, in view of energy scarcity and, fast 

depletion of precious natural materials. There are several alternative building 

techniques present in the construction industry backed by BMTPC, suitable of Indian 

Subcontinent. GFRG is compatible and adherence of the system to established 

standards and IS codes.  

Panel systems are structurally strong and stable. The panels also have good life 

span compared to conventional materials also help us save the environment by 

reducing our carbon footprints. GFRG Structure is much more cost effective and the 

time saving. Most of the people and engineers, suffer from lack of awareness about 

this type of building practices for residential buildings. 

All the three models were found safe in earthquake Zone V with response 

reduction factor = 3 (Table 7, IS 1893:2002), (GFRG Manual). All the Deformations 

are under acceptable limits under all load combinations. The cost of construction of 

prefabricated GFRG structure is less then both the building types. GFRG is one of 

the best alternative construction technologies for the Indian Subcontinent due to 

large availability of Gypsum as by product of fertilizers. GFRG helps us greatly 

reduce our dependency on the natural materials like sand water stone and great 

reduction in use of cement further reducing the carbon footprints. 

Our finding tells that we can save up to 13% and 26% in direct costs in 

comparison to Load bearing Structure and RCC Framed Structure respectively. If 

one opts to go little further to undergo payback cost analysis these results may 

approximately reach as high as 35% and 50% respectively as the time period of 

negative cash flow is very small in comparison to other two structures. GFRG starts 

to payoff in less than half the time just in construction. 
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5.2. ADVANCED OBJECTIVE 

 Advanced objective for this thesis includes the some points where the 

structure could be made lighter and stronger by adding or replacing few items and 

materials. Our current findings are when we keep all the loads and materials same 

with same type of building materials. This percentage of savings, the quality of 

building, living conditions, etc. could be improved by replacing few items such as –  

 Replacing wooden doors, windows and ventilators and frames with Fiber or 

WPC or Aluminum work, which are quite cheaper than wooden frames and 

panels. 

 Using recycled Fibers and plastics can help to reduce plastic waste in the 

environment. 

 Using composite Bamboo as reinforcement and as a replacement of Steel, as 

theoretically, bamboo fiber with organic resins formed reinforced rebars are 

stronger than carbon fibers and 100 times cheaper from carbon fiber. In 

addition, it will help to reduce the Dead load of the structure as its four times 

lighter than steel for similar strength. 

 Glass sheets and glass rods can also replace steel rebars. 

 Using Earth Friendly Concrete (made from Blast Furnace Slag and Fly Ash) 

can potentially bring down the consumption of Cement to zero in concrete as 

in production of cement, each Kg of cement is responsible of 1Kg of carbon 

Di Oxide and other harmful gases, i.e., cement production causes equivalent 

amount of gases.  

 Also using EFC, our dependency on Natural sand will reduce. 

 Synthetic Sand made using plastic and glass grains can also replace natural 

sand. 

 Using spray form in the cavities can help to increase the sound and heat 

insulation properties of GFRG wall panels. 

All the above points can be used to further reduce the weight of structure, 

increase strength and quality of structure, reduce our dependency on natural 

resources and reducing the carbon footprints of the construction on the world. 

Through the use of GFRG panels the workability of the construction process 

may increase and would help in upgrading the workmanship of the labors. It will 

generate the skilled labour forces that could manage and build the structure without 

heavy supervision.  

Although special precautions would be needed in calculation of loads and 

installation of panels for the first few times, as this technology would be a new hand 

experience for the labors and they may cause damage to self and the building due to 

inproficiency. 
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Annexure I 

This annexure deals with the designing of the GFRG according to the manual and 

describes the placement of structural components during the construction of structure 

to be followed. It also displays the placement of columns and services and describes 

the placement of joints. 

  

Fig A-1 Sectional View 

Fig A-2 Concrete filled internal Rapidwall 
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Fig A-3 Concrete filled external Rapidwall 

Fig A-4.1 Concrete filled Rapidwall External wall to footing connection option 1 of 3 
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Fig A-4.2 Concrete filled Rapidwall External wall to footing connection option 2 of 3 

Fig A-4.3 Concrete filled Rapidwall External wall to footing connection option 3 of 3 
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Fig A-5 Concrete filled Rapidwall Internal wall to suspended floor continuously reinforced 

Fig A-6 Concrete filled Rapidwall Internal wall to suspended floor Non-continuous 

reinforced 
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Fig A-7 Concrete filled Rapidwall with Rapidwall slab formwork / ceiling internal wall to 

suspended slab 

Fig A-8 Concrete filled Rapidwall with Rapidwall slab formwork / ceiling balcony and set 

down details 
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Fig A-9 Concrete filled Rapidwall with Rapidwall slab formwork / ceiling internal 

wall to suspended slab 

Fig A-10 External 45` corner concrete filled or insulated 
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Fig A-11 External Corner Alternative Concrete filled or insulated 

Fig A-12 External Corner Alternative Concrete filled or insulated 
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Fig A-13 External Corner Alternative Concrete filled or insulated 

Fig A-14 Internal Intersecting walls concrete filled or Insulated 
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Fig A-15 Internal Intersecting walls concrete filled or Insulated 

Fig A-16 Internal walls ‘T’ Junction concrete filled or Insulated 
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Fig A-17 Internal walls ‘T’ Junction concrete filled 

Fig A-18.1 Control Joints – wall length Alternative A 
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Fig A-18.2 Control Joints – wall length Alternative B 

Fig A-19 Control Joints T inter section 
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Fig A-21 Blind Control Joints T inter section Concrete filled panels 

Fig A-20 Blind  Control Joints T inter section Concrete filled panels 
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Fig A-22 Typical Control Joint External concrete filled or insulated 

Fig A-23 Typical Control Joint 
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Fig A-24 Typical Control Joint External concrete filled 

Fig A-25 Window Frame Inserts typical detail with architraves 
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Fig A-26 Window Frame Inserts typical detail with Square set 

Fig A-26.1 Window Sealing details commercial window 
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Fig A-27 Typically insulated Rapidwall 

Fig A-28 Typical Slab Edge detail insulated Rapidwall 
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Fig A-29 Structural Inserts garage example 

Fig A-30 Wall Mounting Basin 
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Fig A-31 Bath Housing 

Fig A-32 Balcony and wet area set down Architectural plumbing details 
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Abstract - Building cost in India is increasing at around 
50% over the average inflation levels. It have registered 
amplification of up to 15 % every year, mostly due to cost of 
basic building materials such as steel, cement, bricks, timber 
and other inputs as well as cost of labor. Consequently, the 
cost of construction using conventional building materials 
and construction is becoming further away than the 
affordable limits particularly for low-income groups of 
population as well as a large division of the middle – income 
groups. Hence, there is an urgent need to adopt cost-
effective construction methods either by up-gradation of 
traditional technologies using local resources or applying 
modern construction materials and techniques with efficient 
inputs leading to cost-effective solutions. This has become 
the most relevant aspect in the context of the large volume 
of housing needed in both rural and urban areas and the 
consideration of limitations in the availability of resources 
such as building materials and finance.  Each state in India 
is currently investigating the developments in the 
prefabricated system and its potential to overcome the 
shortages of housing accommodation in this country. The 
Indian government, involved through its agency, the 
Building Materials and technology promotion council 
(BMTPC) and National Urban Housing and Habitat Policy 
(NUHHP) has been persistently pushing the construction 
industry to utilize the prefab method of construction since 
the year 2016. It is a part of an incorporated venture to 
further improving the aptitude, potential, efficiency and 
competitiveness of the industry as well as to diminish the 
industry's dependence on natural resources and unskilled 
labor. It is an attempt by the Indian construction industry to 
encourage positive inroads in matters related to 
construction-site safety concerning a working environment 
that is cleaner, more convenient and more organized. This 
paper makes an overview of the housing status in India and 
adoption of suitable and cost effective technologies in the 
country. 
Key Words: Prefabrication; Rapidwall; GFRG; 
monolithic; LGSFS; Precast; SIP panels; Building; 
Gypsum; Glass Fibres; Prefabrication; Construction; 
Wall Panels; New Building System;  
 
1. INTRODUCTION 

The Architects, engineers, contractors and planers are still 
unable to switch from conventional construction systems 
even after such a heavy and urgent demand. Its due to lack 

of awareness, support from authorities and distrust on the 
new technological advancement because of unavailability 
of sufficient and proper design guides and provision in IS 
codes and structural analysis software giants like 
STAAD.PRO, ETABS, Autodesk Revit, etc.  

Although the Building Materials & Technology Promotion 
Council (BMTPC), Ministry of Housing & Urban Poverty 
Alleviation, Government of India has taken an initiative in 
this direction to provide support to Architects and 
engineers to adopt new building technologies. BMTPC 
took an initiative to study/select emerging technologies 
suitable to Indian geo-climatic conditions.  

The conventional construction systems are primarily cast 
in-situ slow pace construction systems and cannot meet 
the present requirement of housing shortage. Therefore, it 
is call of the day to adopt new construction systems, which 
are fast track and at the same time meet functional and 
structural requirements, which includes Constituted 
Technology Advisory Group for identification, evaluation 
and selection of the suitable technologies/ systems, 
comprising of eminent experts from Government, CSIR, 
academic and private agencies.  

It is envisaged to construct 20 million houses by 2022 in 
urban area and about 10 million houses in next 3 years in 
rural areas (urban : 2.5 million houses a year, 7000 houses 
per day).  Such a heavy requirement puts a very massive 
load on the natural resources and conventional building 
materials, so that brings us to consider alternative new 
technologies for mass housing, keeping in mind Speed, 
Quality, Safety, Life Cycle cost, Thermal, acoustics, Fire, etc. 
In addition, the need of the hour suggests use of renewable 
resources for building materials, use of raw materials 
resources based on waste products, efficient use of 
existing conventional materials by producing factory made 
(pre-cast) building components, affordability and 
sustainability, Industrialization of housing sector. 

2. OBJECTIVE 

The purpose of this paper focuses on the literature 
review of the prefabricated system of construction 
methodology. The author tries to bring out the merits and 
demerits of prefabricated construction to its readers. For 
this purpose, this paper presents the five major 
prefabrication system approved and promoted by BMTPC 
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Fig.1 – A Typical working of a Monolithic 
Concrete Construction Technology 

for the fast track construction in India. Aim of this paper 
also is to project building materials and technologies, 
which are less dependent on natural resources and labor 
and require less time in construction without 
compromising with the quality and esthetic value of the 
building. 

3. NEED OF PREFABRICATED SYSTEM 

Conventional building materials use bricks, cement, 
steel, stone, timber, glass, plastic, ceramics and other 
metals that exploit a huge amount of natural resources and 
leave a large carbon footprint on the planet. These 
materials have a finite resource base and the huge demand 
of material have its consequences. Due to larger demand 
and limited availability causes escalation in the cost leading 
to increased cost of shelter and rapid & irrationally 
managed utilization of finite natural resources. This causes 
Environmental degradation; depletion of fertile topsoil, 
Deforestation, Lime-quarrying, Surface working in stone 
belts. The factory made products like cement, steel etc. calls 
for high-energy inputs also liable to enhanced cost because 
of transportation. 

There is too much of dependency on cement, aggregates 
and water in these conventional construction practices. In 
particular, the fine aggregate (sand) and water to-day are 
quite scarce.  After the restriction from government over 
sand mining, the cost escalated even higher. It is also seen 
that, because of lack of skilled labor, these construction 
nowadays, in general, are not up to the mark in terms of 
quality. In addition, traditional buildings cannot be green 
buildings normally. However, green buildings are the order 
of the day, in view of energy scarcity and, fast depletion of 
precious natural materials. 

Prefabrication seems to be the immediate solution for 
these problem as they are more manageable and quality 
controlled hence reducing the waste significantly reducing 
the environmental impact. Most of the prefabrication 
technologies also reduce the requirement of building 
material in general further reducing the impact.  

It is need of the hour to use raw materials resources 
based on waste and other by products, which may 
eventually end up in landfills. This may help us to achieve 
affordability and sustainability. 

4. TYPES OF PREFABRICATED SYSTEMS 

BMTPC took an initiative to study/select promising 
technologies appropriate to Indian geo-climatic conditions, 
through Global Expression of Interest (EOI). BMTPC 
composed technology advisory group for identification and 
evaluation of the suitable technologies based on following 
parameters- 

1. Safety of the structure against anticipated live loads and 
safety and stability with respect to the prevailing wind 
loads and with respect to the possible earthquake 
loads and other loads such as snow, cyclone etc.  

2. Performance of the structure during its life span  

a. Thermal efficiency of the construction during 
summer and winter 

b. Acoustics efficiency, Damp proof-ness of the 
construction during rains 

c. Efficiency of the joinery systems, Fire 
resistance characteristics of the structure 

3. Durability of the structure 

a. Deterioration of components with age 

b. Deterioration of components due to 
atmospheric pollutions 

c. Deterioration of foundation system due to 
polluted/chemically adverse soil media 

d. Life expectancy (Our normal housing 
constructions are designed for a life of 60 years 
and above). 

 The following are the recommended prefabrication 
technologies by BMTPC according to the Indian 
geographical conditions. 

1. Monolithic Concrete Construction Technology-  

The conventional mode of construction is RCC framed 
structure with infill masonry walls whereas in this system, 
all walls, floors/slabs, stairs together with door & window 
openings are cast in-situ monolithically using specifically 
custom designed modular formwork made up of 
aluminum/plastics/steel/ composite. 

 

 

 

 

 

The appropriate grade of concrete and reinforcement is 
used as per design and the entire casting of a modular unit 
is done in a single pour. Being modular predesigned 
formwork system, it acts as an assembly line production 
and enables rapid construction of multiple/mass scale of 
units of repetitive type. 

In the Monolithic concrete construction with 
aluminum/plastic/steel/composite forms system, Concrete 
walls and slabs are cast monolithically at one pour. The 
system allows reduction in thickness of concrete members 
below the minimum value than the conventional 
construction, thus reducing the consumption of natural 
resources.  

A Typical plan is of a Single floor with built up area of 
about 300 SQ.M. can be completed in two days using the 
aluminum formwork system. The technology reduces the 
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Fig.2 – A Typical working of a LGSFS 

Fig.3 – A Perspective View and Framing View 

Fig.4 – A Typical working of a Precast Large 
Concrete Panel System 

cost of repair and maintenance compared to conventional 
system. Walls and slabs are cast in one operation in 
specially designed lightweight form/ moulds in concrete. 
Concrete is poured in the forms & forms are removed after 
the setting of concrete takes place, resulting in box like 
cubical structure of required architectural design. The pre-
designed formwork also acts some sort of assembly line 
production and enables rapid construction of multiple 
units of repetitive type.  

2. Light Gauge Steel Framed Structure (LGSFS)  

Light Gauge Steel is cold form steel which has an 
advantage over hot rolled steel as it is lighter in weight and 
on thin sections of any form can be manufactured. 
Normally, LGSFS is factory made galvanized light gauge 
steel components assembled as panels at site and suitable 
for 3 to 4 storey structures. The infill walls can be of any 
material ranging from precast boards, blocks, EPS panels or 
an external layer of insulation material and outer leaf of CP 
Board or dry mix shotcrete. The floor/roof can be RCC/ 
Steel truss /Steel deck on joists as per the requirement. 

 

 

 

 

 

 

 

 

 

Frame is made of cold rolled high strength steel 
sections and EPS panels for walling. Internal walls covered 
with gypsum and cementitious board. Exterior wall 
Sprayed with cementitious material directly onto the studs. 
It gives faster construction by prefabricated panels. All 
structural components are precisely pre-manufactured and 
simply assembled on site. In addition, it gets Enhanced 
Thermal & Acoustic insulation with Boarding/Expanded 
Polystyrene (EPS) /Rockwool/Vapor Barrier.  

 

 

 

 

 

 

 

3. Precast Large Concrete Panel System  

Precast Large Construction Panel (PLCP) system is a 
structural system comprising of various precast elements 
such as walls, beams, slabs, columns, staircase, landing and 
customized elements. There are two types of precast 
concrete elements, namely precast reinforced concrete 
elements and precast pre-stressed concrete elements, 
prefabricated in a precast yard or site. The precast 
elements are installed on site and supported by temporary 
jacks. Shims are used to carefully align the elements and 
grouted after the final adjustments. A typical construction 
involves design, strategic yard planning, lifting, handling, 
transportation and assembly of precast elements.  

 

 

 

 

 

 

 

The industrialized total open prefabricated 
construction technology is based on factory mass 
manufactured structural prefab components conforming to 
norms of IS standards and BIS Certification mark. In this 
Patented system, precast dense concrete hollow column 
shell of appropriate size are used in combination with 
precast dense concrete rectangular T Shape/ L shape 
beams and lightweight reinforced autoclaved cellular 
concretes labs for floors and roofs. The hollow columns are 
grouted with appropriate grade of in–situ concrete. All the 
connections and jointing of various structures are 
accomplished through in situ concreting along with 
secured embedded reinforcement of appropriate size, 
length and configuration to ensure monolithic continuous 
resilient ductile behavior. 

4. SIP Panel - Building System using Steel Mesh, 
Polystyrene Core and Chipping Concrete 
(evaluated through PACS) 

EMMEDUE Advanced Building System (patented) is 
based on factory made panels consisting of self-
extinguishing expanded polystyrene core (generally 
corrugated) sandwiched between two-welded wire fabric 
mesh made of high strength galvanized wire. A galvanized 
steel truss wire is pierced completely through the core at 
an offset angle for superior strength and welded to each of 
outer layer welded wire fabric mesh. 

The panels are finished at site using shotcrete of mix of 
cement and coarse aggregate of required thickness on both 
sides. The panels are used for load bearing walls and floors 
and suitable for 3 to 4 storey buildings. 
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Fig.5 – A Typical working of a SIP panels 

Fig.6 – A Typical GFRG panels 

 

 

 

 

 

 

 

 

 

 

5. Glass Fiber Reinforced Gypsum (GFRG) Panel 
System 

GFRG is an integrated composite building system-using 
factory made prefabricated load bearing cage panels and 
monolithic cast in-situ RC in filled for walling and 
floor/roof slabs, suitable for single storey to ten-storey 
building. It is made of calcined gypsum plaster, reinforced 
with glass fibers and panels manufactured to a thickness of 
124 mm under carefully controlled conditions to a length 
of 12 m and height of 3m, contains cavities. The panels are 
being produced at FRBL Kochi and RCF Mumbai and being 
promoted by IIT Madras. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Glass Fiber Reinforced Gypsum (GFRG)/ Rapid wall is a 
building panel product, made essentially of gypsum plaster, 
reinforced with glass fibers. Used since 1990 in Australia. 
Although its main application is in the construction of 
walls, it can also be used in floor and roof slabs in 
combination with reinforced concrete. The panels may be 
unfilled, partially filled or fully filled with reinforced 
concrete as per the structural requirement.  

5. RESULT AND CONCLUSION 

 After comparing the above available construction 
techniques for the pros and cons, author finds Glass Fiber 
Reinforced Gypsum (GFRG) Panel System most suitable for 
the desired outcome of the work. The reason being, from all 
the types of construction technologies, GFRG prove to be  
giving most economic outcome by saving lots of building 
material, time and labor. In addition, GFRG panels had the 
thinnest wall space requirement, providing most usable 
space. Hence, GFRG panels were shortlisted and chosen for 
the comparison from the prefabricated structures. 

GFRG is of exceptional relevance to India, where there 
is a massive need for cost-effective mass-scale affordable 
housing, and here gypsum is available in plentiful amount 
as an industrial by-product waste. The product not only 
proves to be environmental friendly or green, but also 
resistant to damage by water and fire. GFRG panels are 
currently manufactured in a panel size of length of 12m, a 
height of 3m and a thickness of 124 mm. Although its main 
function is in the construction of walls, it was found to be 
effective to be used in floor and roof slabs in combination 
with reinforced concrete. IIT Madras and BMTPC have 
been involved, since 2003, in the development of 
prefabricated building systems (especially with respect to 
use of GFRG panels as floor slabs and earthquake resistant 
design) for utilization in India.  

 The panel contains cavities that can be filled with 
concrete and reinforced with steel bars to provide 
additional strength and ductility, if required. Experimental 
researches and studies have shown that GFRG panels, 
when properly filled with reinforced concrete, acquires 
significant strength to act not only as load-bearing 
elements, but also as shear walls, able of resisting lateral 
forces due to earthquake and wind. It is possible to design 
such buildings up to ten storeys in low seismic zones (and 
to smaller elevation in high seismic zones). However, such 
building needs to be suitably calculated by a qualified 
structural engineer for safety.  
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Abstract - Being a civil engineer it is our priority to provide 
cost effective solutions to our clients. With the escalating 
prices, the houses are becoming unaffordable with the current 
technology and hence we needed to explore another types of 
construction systems to reduce the cost of construction. This 
paper is an attempt made to give an idea as to how can we 
reduce the construction cost as well as reduce the construction 
time using the prefabrication technology. This review paper 
compiles and retrospect the developments in the field of 
prefabricated building systems using GFRG construction 
technology also known as Rapidwall© construction 
technology in India. Glass fiber reinforced gypsum panels, 
manufactured in standardized parts are sections prepared for 
rapid erection of buildings, as they are ready-made gypsum 
structural panels with hollow cavities. This Rapidwall is 
employed in residential as well as commercial constructed 
establishments. GFRG walls can be used both for esthetical as 
well as structural component as walls and slabs, with no 
external columns and beams needed. It has currently found 
great utilization, even without exercising complicated codes of 
structural design, largely for the reason that they are 
environmental friendly. For the cost comparison, the 
fundamental materials considered were three types of building 
construction method such as low cost building using 
prefabrication technology as GFRG wall panel system and 
Conventional building construction systems like SMRF 
structure and Load bearing wall structure. Costs of these 
building materials were collected from contractors of the 
nearby areas. The focus in this paper is comparative study on 
cost estimation between prefab system (GFRG) and 
conventional building systems. 
  
Key Words:  Cost Comparison, GFRG, Prefabrication, 
Construction, Wall panels, Rapidwall, New building 
system, etc...  
 
1. INTRODUCTION 
 

In this new era of construction, several different 
building systems orientated for housing appeared in India. 
Most of these systems were introduced from first world 
countries and many were not able to fit into the Indian 
construction standards. This incursion of technology was 
originated after the announcement of the reconstruction 
plan for affected areas due to El Nino phenomena and Nazca 
earthquake. On the other hand, many of these systems were 

functional in countries lacking earthquake trouble and the 
majority of them employed foreign supplies. In this case of 
India, structural systems were supposed to be designed 
according with earthquake standard E-030 of the National 
Building Code. On the other hand, Indian researchers in the 
last 20 years developed different solutions for building 
systems using locally available materials and most of them 
were tested and had the approval and registration of BMTPC.  

The present work introduced five construction systems that 
are approved by BMTPC. The economic issues are also the 
main reason for these different building systems. So we have 
to select the most viable and low cost construction for avoid 
the financial problems. 

2. OBJECTIVE 
 

The purpose of this paper focuses on views of the 
construction industry about the difference of the two building 
methods such as GFRG (Glass Fiber Reinforced Gypsum) wall 
panel system and conventional building construction system 
of SMRF structure and load bearing wall structure based on 
the estimation value and we have to generate some 
construction management results. We have to accumulate 
properties and cost details of the building materials. 
Comparing the methods, details were taken of cost and time 
duration for finishing each construction activity.  

3. CONVENTIONAL BUILDING WORK 
 

The major bulk of building construction work is small 
renovation, such as addition of a room, or renovation of a 
restroom. Often, the owner of the property work as the 
introspect, paymaster, and design team for the entire project. 
Although, all building construction projects consist of some 
elements in general – design, financial, estimation and legal 
considerations. Many projects of different sizes reach 
unwanted consequences, such as structural failure, cost 
overruns, and/or lawsuits. Due to such reasons, those with 
expertise in the field make comprehensive plans and keep 
cautious supervision throughout the project to ensure a 
positive result.  

Commercial building construction is procured privately or 
publicly utilizing various delivery methodologies, including 
cost estimating, hard bid, negotiated cost, conventional, 
organization contracting, construction management-at-risk, 
design & build and design-build bridging. 
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Residential construction practices, technologies, and 
resources should match to the regulations of local building 
authority and codes of practice. Materials readily accessible 
in the region usually dictate the building materials used (e.g. 
brick vs stone vs concrete). Cost of building construction can 
vary considerably based on site conditions, local policy, 
economy of scale (custom designed residences are often 
more costly to build) and the availability of trained workers 
and labours. As residential building construction (as well as 
all other types of construction) can produce a lot of waste, so 
careful planning again is required here. 

 
4. OVERVIEW OF (GFRG) WALL PANEL SYSTEM 
 

Glass fiber reinforced gypsum, or GFRG (also known as 
Rapidwall in the trade) is the name of a new building panel, 
made of gypsum plaster, reinforced with glass fibers. GFRG is 
of exceptional relevance to India, where there is a massive 
need for cost-effective mass-scale affordable housing, and 
here gypsum is available in plentiful amount as an industrial 
by-product waste. The product not only proves to be 
environmental friendly or green, but also resistant to damage 
by water and fire. GFRG panels are currently manufactured in 
a panel size of length of 12m, a height of 3m and a thickness 
of 124 mm. Although its main function is in the construction 
of walls, it was found to be effective to be used in floor and 
roof slabs in combination with reinforced concrete. IIT 
Madras and BMTPC have been involved, since 2003, in the 
development of prefabricated building systems (especially 
with respect to use of GFRG panels as floor slabs and 
earthquake resistant design) for utilization in India.  

 The panel contains cavities that can be filled with concrete 
and reinforced with steel bars to provide additional strength 
and ductility, if required. Experimental researches and 
studies have shown that GFRG panels, when properly filled 
with reinforced concrete, acquires significant strength to act 
not only as load-bearing elements, but also as shear walls, 
able of resisting lateral forces due to earthquake and wind. It 
is possible to design such buildings up to ten storeys in low 
seismic zones (and to smaller elevation in high seismic 
zones). However, such building needs to be suitably 
calculated by a qualified structural engineer for safety. 

5. METHODOLOGY 
 

The major element of this work is estimating the 
total cost of the construction work for a residential house 
based on the Quotation gathered from five different zones 
for each part of work. The compilation of quotation contains 
Cost for each construction Material like Cement, Sand, 
Aggregate, bricks, etc and every activity like Excavation, 
Centering work, Flooring, Plastering, Labour charges, etc. 
The estimation work is carried out for both types of building 
system of wall panel system and conventional building 
system.  

The approximate time requirement and time 
difference for every work of Prefabrication system and 
conventional Building system was also taken into account to 

calculate the cost due to time elapsed as time also plays an 
important role in determining the cost of the construction. 

Any one of the following three methods can be 
employed to carry out the estimation of the building 
quantities: 
 
• Centre line method  
• Long wall – short wall method  
• Partly centre line and short wall method 
 
5.1. Centre line method 
 

This technique is appropriate for walls of similar 
cross sections. Here, the total centre line length is multiplied 
by width and depth of the individual component to get the 
total quantity at an instance. When cross walls or partition 
walls or false walls or verandah walls join with main wall, 
the centre line length is reduced by half of width at each 
joint. Such junction or joints are calculated cautiously while 
calculating total centre line length. The estimation prepared 
by this technique is most precise and quick. 
 
5.2. Long wall-short wall method 
 

In this method, the larger wall along the length of 
room is measured to be long wall whereas the shorter wall 
perpendicular to long wall is said to be short wall. To get the 
span of long wall or short wall, compute the centre line 
length of each wall first. After that, the length of long wall, 
(out to out) may be calculated by adding half width of the 
wall at each end to its centre line length i.e., long wall equals 
to centerline length plus the width of the wall. Similarly, the 
length of short wall is measured (in to in) and may be 
calculated by deducting half width from its centre line length 
at each end i.e., short wall equals to centerline length minus 
the width of the wall.  

The length of long wall typically decreases from 
earth work to brick work in super structure whereas the 
short wall increases. These lengths are multiplied by width 
and depth to get quantities and then are used for estimated. 

 
5.3. Partly centre line and partly cross wall 
method: 

This technique is adopted when outer (i.e., around 
the building) wall is of one thickness and the internal walls 
having different thicknesses. In such cases, centre line 
method is applied to outer walls and long wall-short wall 
method is applied for internal walls. This technique suits for 
variable thicknesses of the walls and different levels of 
foundations. It is because of this reason; all Engineering 
departments prefer this technique for calculations purposes.  

 
The estimation for prefabricated system is carried 

out based on the Material, Labour and size of panels used for 
erection activity.  
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From the Comparative study on estimation of 
prefabrication system and conventional building system, we 
can evaluate the cost difference for different working 
methodology.  

The central focus of this paper is to spread 
awareness among engineers, contractors and public about 
the new and innovative construction materials available at 
affordable cost with good life span. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 1 : Flow Chart of work 
 

6. COST ESTIMATION AND ANALYSIS 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Fig -2 : Typical floor Plan 
 
Standard size of the panel = 12m x 3m x 0.124 m 
Rate of GFRG panels (per square meter) = Rs. 1120 
Quantity of panels required for G+3 building- 
In slab   = 2883.41 Sq. Mt. 
In walls  = 3217.80 Sq. Mt. 
In parapet  = 265.55 Sq. Mt. 

In stairs  = 26.24 Sq. Mt. 
In openings  =341.28 Sq. Mt 
Total   = 6061.72 Sq. Mt. 
Total cost of panels = Rs. 67.89 Lakhs 
 

Table -1: Cost Comparison of GFRG Building with Load 
Bearing Wall Structure and Framed Structure 

Description 

Types of Building 
Savings/Benefits 

in GFRG when 
compared to 

GFRG 
building 

Load 
bearing 
wall Str. 

RCC 
Framed Str. 

Load 
bearing 
wall Str. 

RCC 
Framed 

Str. 

Dwelling 
units 16 16 16 - - 

Carpet Area 122.19 SqM 116.02 SqM 119.02 SqM 5.32% 2.66% 

Total Build 
up area 

2341.36 
sqm 

2341.36 
sqm 

2341.36 
sqm - - 

Excavation Rs. 74,560 Rs. 83,987 Rs. 95,025 11.22% 21.54% 

Steel Rs. 
16,21,540 

Rs. 
11,91,679 

Rs. 
21,54,550 -36.07% 24.74% 

Cement Rs. 
14,22,490 

Rs. 
24,46,373 

Rs. 
33,20,647 41.85% 57.16% 

Bricks - Rs. 
25,33,360 

Rs. 
15,45,745 - - 

Panels Rs. 
67,89,126 0 0 - - 

Course 
Aggregate 

Rs. 
13,47,046 

Rs. 
13,52,470 

Rs. 
23,42,706 0.40% 42.50% 

Fine 
Aggregate 

Rs. 
4,09,045 

Rs. 
10,52,702 

Rs 
12,05,517 61.14% 66.07% 

Shuttering 
cost Rs. 0 Rs. 

4,85,590 Rs 8,13,477 100% 100% 

Labour Rs.6,24,271 Rs. 
27,71,050 

Rs. 
28,91,952 77.47% 78.41% 

Sub Total Rs. 
1,22,88,078 

Rs. 
1,19,17,211 

Rs. 
1,42,74,596 - - 

Miscelaneo
us 

Rs. 
13,41,600 

Rs. 
37,45,862 

Rs. 
41,68,461 - - 

Total Rs. 
1,36,29,679 

Rs. 
1,56,63,073 

Rs. 
1,84,43,057 12.98% 26.10% 
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7. RESULT AND DISCUSSION 

The miscellaneous expenses include charges of Water 
supply, site-cleaning cost, transportation cost, etc.  
On the extensive comparison between the three models 
taken into account results in huge savings in GFRG structure 
when compared to Load bearing structure and Framed 
structure of 12.98 % and 26.10 % respectively. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

Chart -1: Cost comparison of materials required 

In the above calculated cost, cost of finishing work like 
painting, wall putty, plumbing, electrification, sanitary 
fitting, installation of doors and windows, etc are not 
calculated as they are common in all three models and would 
not cause variation in prices for the comparison. 

It is also important to note, the money saved due to early 
completion of the work and the gains in form of early selling 
or rent from the customers of the duration saved in 
construction time is additional to the comparative cost, 
which would further increase the benefits of the GFRG 
construction. We also see the carpet area increases in GFRG 
construction by 5.32% and 2.66% in comparison to other 
methods reducing the per SQ. Mt. cost of construction even 
further.  

 

 

 

 

 

 

Chart -2: Total cost of construction  

 

 

 

 

 

 

 

 

Chart -3: Cost per Sq. Ft.  

8. CONCLUSIONS 

With the above cost analysis, we return to the conclusion 
that opting for the GFRG Structure is much cost effective and 
also the time saving properties of this construction method 
is need of the hour under the increasing demand of the 
houses. 

The panels also have good life span compared to 
conventional materials also help us save the environment by 
reducing our carbon foot prints. Nowadays, the use of panels 
in building advance gradually. Still, most of the people and 
engineers, suffer from lack of awareness about this type of 
building practices for residential buildings. 

From this paper, we attempt to create some awareness about 
the construction of GFRG panel systems and about the 
costing, time management, resource allocation, etc. 

9 FUTURE SCOPE 

1. Analyze the cost of building in different seismic 
zones and with different materials with respect to 
local rates. 

2. Analyze the cost of other types of prefabricated 
systems approved by BMTPC. 

3. Analyze the reduction in carbon foot prints in 
construction, moving towards more sustainable 
development, by use of new construction 
technologies. 
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